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ABSTRACT

In this study, trends of changes in temperature and precipitation patterns in dry season
(December-May) in Bangladesh has been assessed through analysis of data on
temperature and precipitation for the period 1976-2005 for 34 meteorological stations all
over the country. The climate trends were assessed in terms of changes in maximum and
minimum temperatures and changes in precipitation patterns. Analysis of monthly
average maximum and minimum temperature show increasing trend for all months of the
year except January; the increasing trend was particularly significant for the months of
February, April and May. On an average, monthly-average maximum temperatures of
each of these months increased by about 1 °C during the 30 year period from 1976-2005
and in monthly average minimum temperature increased by about 0.80 °C during the
same period (i.e.,, 1976 to 2005). The magnitude of increase in monthly average
maximum and minimum temperatures during the 30-year period from 1976 to 2005 is
quite significant. Eighteen stations (out 0f32) show increasing trend in number of "hot"
days per year, while 13 stations (out of 31) show decreasing trend in the number of
"cold" days per year; however, most of these trends are not statistically significant.
Analysis of precipitation data during 1976-2005 show that for a large majority of stations,
the total rainfall show decreasing trend for the winter (December to February), and pre-
monsoon (March to May) rainfall did not show any significant change. In general, these
trends are consistent with the general climate change predictions. These observations are
particularly significant in the context of Bangladesh where agriculture is heavily
dependent on temperature and rainfall patterns.

An agro-climatic study was conducted to assess the vulnerability of boro production in
Bangladesh to potential climate change. Effect of climate change on yield of two varieties
ofboro rice has been assessed using the DSSAT (v4) modeling system. The yield ofBR3
and BRI4 boro varieties for the years 2008, 2030, 2050 and 2070 have been simulated
for 12 locations (districts) of Bangladesh, which were selected from among the major rice
growing areas in different regions of Bangladesh. The DSSAT model uses a detailed set
of crop specific genetic coefficients for predicting yield and the BR3 and BRI4 were
selected in the present study because "genetic coefficients" for these varieties are
available in the DSSAT modeling system. Available data on soil and hydrologic
characteristics of these locations, and typical crop management practice for boro rice
were used in the simulations. The weather data required for the model (daily maximum
and minimum temperatures, daily solar radiation and daily precipitation) were generated
for the selected years and for the selected locations using the regional climate model
PRECIS. The model predicted significant reduction in yield of both varieties of boro rice
due to climate change; yield reductions of over 20% and 50% have been predicted for
both rice varieties for the years 2050 and 2070, respectively. However, BR 14 appears to
be slightly more vulnerable to climate change pheromones compared to BR3. Increases in
daily maximum and minimum temperatures have been found to be primarily responsible
for reduction in yield. Increases in incoming solar radiation and atmospheric carbon-di-
oxide concentration increases rice yield to some extent, but their effect is not significant



compared to the negative effects of temperature. Variations in rainfall pattern over the
growing period have also been found to affect rice yield and water requirement.
Increasing temperatures and solar radiation have been found to reduce the duration of
physiological maturity of the rice varieties. Model results also suggest that in addition to
reducing yield, climate change may also make rice yield more vulnerable to transplanting
date, predicting significant reduction in yield as transplanting date is delayed, especially
beyond 15 January. DSSAT modeling system could be a useful tool for assessing
possible impacts of climate change and management practices on different varieties rice
and other crops.
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Chal>ter |

INTRODUCTION

1.1 General

The global issue of climate change encompasses significant challenge to the survival of
all living entities on earth. The global warming and its consequent effect of climate
change are attributed directly or indirectly to human activities that alters the composition
of global atmosphere. Despite contributing insignificantly to the causes of climate
change, developing countries are expected to be the worst victims. Due to its
geographically location, Bangladesh is one of the most disaster-prone countries in the
world and due to adverse impact of climate change natural calamities are predicted to be
even more intense and frequent in the coming years. Demographic and socio-economic

condition of the country makes the situation more precarious

Global climate has been changing due to natural forcings as well as anthropogenic
activities, especially emissions of greenhouse gases and aerosols, and land use changes in
recent decades. Observational evidences demonstrate that composition of global
atmosphere is changing, e.g., increasing atmospheric concentrations of greenhouse gases,
such as carbon-di-oxide (379 ppm recorded in 2005), methane (1774 ppb recorded in
2005) and nitrous oxide (319 ppb recorded in 2005) (IPPC, 2007). Observational
evidences also suggest changes in earth's climate, e.g., recent recorded changes in
temperature, precipitation, sea level, arctic ice temperature, mountain glacier and snhow
cover, and in some regions extreme events including heat waves, heavy precipitation
events and droughts. Continuing emissions of greenhouse gases and other anthropogenic
factors are likely to result in significant changes in mean climate and its intra-seasonal
and inter-annual variability in the Asian region. Bangladesh, being in South Asia, is one

of the most vulnerable countries regarding the impacts of climate change.



General Circulation Models (GCMs) predicted that the average increase in temperature
would be 1.3°C and 2.6°C for the years 2030 and 2070, respectively. It was found that
there would be a seasonal variation in changed temperature: IADC change in the winter
and 0.7°C in the monsoon months in 2030. For 2070, the variation would be 2.1DC and
1.7°c for winter and monsoon, respectively. For precipitation it was found that the winter
precipitation would decrease to a negligible rate in 2030, while in 2075 there would not
be any appreciable rainfall in winter at all. On the other hand, monsoon precipitation
would increase at a rate of 12% and 27% for the two projection years, respectively

(Nishat et al., 2009).

Agriculture is always vulnerable to unfavorable weather events and climate conditions.
Despite technological advance such as improved crop varieties and irrigation systems,
weather and climate are still key factors in agriculture productivity. Often the linkage
between these key factors and production losses are obvious, but sometimes the linkages
are less direct. The impacts of climate change on food production are global concerns,
and they are very important for Bangladesh. Agriculture is the single most and largest
sector of Bangladesh's economy, which accounts for about 35% of the GDP and about
70% of the labor force (Ahmed et al., 2000). Agriculture in Bangladesh is already under
pressure both from huge and increasing demands for food, and from problems of
agricultural land and water resources depletion. In 2006/07, the total food (rice)
requirement in Bangladesh was 29.77 million ton and production during this period was
27.32 million ton (BRRI, 2007). So food shortage was 2A5 million ton. The vyield of
modern varieties (MY) ofboro rice increased up to 1.80% during the 1990s implying that
it has contributed much to accelerate the overall rice production in Bangladesh. However,
the adoption of MY rice in Bangladesh so far reached 73%, contributing nearly 85% to
the total rice production (BBS, 2006). Area devoted to rice production by season can be
viewed in Table 1.1 and Fig. 1.1. It is evident that area under boro production was quite
low in 1971/72, but afterwards, there has been an increasing trend of area devotion to
boro rice production over the years (Table 1.2). This is directly related to the expansion

of shallow tubewell irrigation in Bangladesh.



Table 1.1: Area devoted to iice oroduction ii1 Bangladesh (1§i71/72-2006/07) [
e Ails Aman Boro Total Rice area
el T million ha. million_ha. million_ha. million _ha.

1971/72 3.00 5.41 0.86 9.28

1975/76 3.41 5.75 1.14 10.32

1979/80 3.03 572 1.14 9.89

1984/85 2.93 571 1.57 10.22

1989/90 2.25 5.70 2.45 10.41

1995/96 1.54 5.65 2.75 9.94
199972000 1.35 5.70 3.65 10.71

2006/07 1.01 5.42 4.05 10.48

Source: BBS, 2008.

Table | 1.2: Average yipld of rice in Bapgladesh (1971/12-2006/07) |
Y Ails Aman Boro |_Tofal rice Average |
rval T ton/ha ton/ha ton/ha ton/ha

1971/72 0.78 1.15 2.01 1.05

1975/76 0.94 1.34 1.99 1.22

1979/80 0.93 1.33 2.11 1.23

1984/85 0.95 1.49 2.48 1.43

1989/90 1.10 1.71 2.46 1.70

1995/96 1.09 1.66 2.62 1.78
199912000 T.28 1.92 3.02 215 |

2006/07 1.70 2.05 3.65 2.68

Source: BBS, 2008.

Tabte 13 Leve 6 nee production In BEAgla esh (1971772 -2006/07)
Y Ails Aman Boro Total rice
PR T million tOil million ton million ton millioll ton

1971/72 2.34 5.70 1.73 9.77
1975/76 3.22 7.04 2.29 12.56
1979/80 2.80 7.30 2.43 12.53
1984785 2.78 7.93 3.91 14.62
1989/90 2.47 9.20 6.03 17.71
1995/96 1.68 8.79 7.22 17.68
T99912000 T.73 10.31 11.03 25.09
2006707 151 10.84 14.96 27.32
Source: HBS, 2008.
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Figure I.]: Area devoted to rice production in Bangladesh in 2006/2007
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49%

Figure 1.2: Average yield of rice in 200612007

Data on rice production are summarized in the above Table 1.3 and it shows that the
quantity of rice produced in 2006/07 was about three times that produced in 1971/72.
This is primarily due to expansion of cultivated area and introduction of high vyield
varieties of rice. [pee impact assessments identitY Bangladesh as one of the most
'susceptible countries' of the world to the negative impacts of climate change. These
impacts range from an overall increase in sea level, atmospheric temperature, and rainfall
to more intense natural disasters in the form of floods, cyclones, storm surges and

drought (1P€€, 2007). The largest impact of global warming will be felt in the water



resources of Bangladesh. Many projections suggest greater variability in future monsoon
patterns, with severe impacts upon agriculture and other sectors due to either excess flow

or severely low flows and draughts in other years (Nishat et a!., 2009).

Table T4[ TotaTiRoad "Tam oo duction pnd share of nce
Year — IRice - .Y,\{heatL - M aizeL - Iotal tSOTZIVE foc;fd rI((1:faitno

o ton Ao on IO tOTT o torn ('X,)
1971/72 9.77 0.113 - 9.88 98
1975/76 12.56 0.215 - 12.78 98
1979780 12.53 0.827 - 13.36 93
1984/85 14.62 1.48 - 15.64 90
1989/90 17.71 0.89 - 16.56 95
1995/96 17.69 0.137 - 19.06 93

199972000 23.00 0.184 - 24907 92 |
2005706 27.55 0.0735 0.0522 27.787 96

Source: Economic review 2007,

Bangladesh needs to increase the rice yield in order to meet the growing demand for food
emanating from population growth. Irrigated rice or boro rice is a potential area for
increasing rice yield, which currently accounts for about 50% of total rice production in
the country. However, climate change is a potential threat toward attaining this objective.
It is therefore very important to understand the effect of climate change on rice

production, especially boro production.
1.2  Objectives

The primary objective of the study is to assess the effects of climate change for boro
cultivation in Bangladesh. Specific objectives include-

(a) Generation of climate scenarios (e.g., temperature, rainfall, solar radiation) for the
years 2008, 2030, 2050, and 2070 predicted, using Regional Climate Change Model
(PRECIS) for assessing impact on boro cultivation.

(b) Assessment of changes in temperature and rainfall patterns in Bangladesh in the dry

season (i.e. boro season) through analyses of historical data (1976 to 2005) and
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projections of temperature and rainfall for the years 2030, 2050, 2070 for
comparison with model (PRECIS) predictions.

Quialitative assessment of the changing temperature and rainfall patterns (due to
climate change) on different growth phases (vegetative, reproductive, ripening) for
bora rice.

Assessment of possible change in yield of selected boro rice varieties (for which
genetic coefficients are available, e.g. BR3 and BRI4) due to climate change using
DSSAT 4 crop model system (utilizing CERES-Rice).

Assessment of the effect of climate change on physiological maturity and irrigation

requirement of bora rice, using DSSAT 4 crop model system.

Organization of the Thesis

The study has been presented in five chapters.

Chapter | presents background and objectives of the study.

Chapter 2 presents literature review on important climatic parameters and then observed

and predicted changes, effect of climatic and other parameters on bora rice production

and use of crop model for predicting rice yield.

Chapter 3 presents and assessments of the climate change trends in Bangladesh based on

available data on temperature and precipitation.

Chapter 4 presents and assessments of the effect of climate change on yield of selected

varieties of boro rice. Effects of climate change on physiological maturity and water

requirement have also been predicted.

Chapter 5 presents the major conclusion from the present study and recommendations

for further study in this area.



Chapter 2

REVIEW OF LITERATURE

2.1 General

Weather and climate have a profound influence on life on Earth. They are part of the
daily experience of human beings and are essential for health, food production and well
being. Many consider the prospect of human-induced climate change as a matter of
concern. The IPCC Third Assessment Report (PCC, 200 I) presented scientific evidence
that human activities may already be influencing the climate. If one wishes to understand,
detect and eventually predict the human influence on climate, one need to understand the
system and determines the climate of the Earth and of the processes that lead to climate
change. Crop production depends on various factors such as soil, climate, irrigation,
pesticide, seeds and other parameters. The available climate as a resource, should
therefore, be thoroughly understood and crop-weather relationships using different
climatic parameters like rainfall, temperature, humidity, sunshine hour etc. need to be
established to identify potential areas and at the same time to characterize the adverse
areas with emphasis on research needs for varietals improvement and improved -cultural
practices. The information related to the present study existing in the literatures were

reviewed and presented below.

2.2 Important Climate Parameters and their Changes

Weather is one of the most important factor to have a profound on food availability and
socio-economic conditions of the people in general and farming community in particular.
The average conditions of the atmosphere near the earth's surface over a long period of
time, taking into account temperature, precipitation, humidity, wind, cloud etc.
Geographical location and physical settings govern the climate of any country (Attri,

2004).



Climate is not invariant in greater or less degree, it is ever changing. In all points of the
world, one-year, one decade, one country differs from another. Temperature variations
from year to year and from epoch to epoch generally increase towards high latitudes.
Rainfall variations are greatest in low latitudes, where the heaviest individual falls occur,
rain and snowfall varies most in and near the warm and cold deserts of the tropics and

Polar Regions (WMO, 1999).

The year to year variation of crop yield is mainly due to the fluctuations in weather. The
most important component of weather is the amount of rainfall and its distribution during
the life span of plant growth. Islam (1996) also found a minor change in plant life and/or
climatic environment also carried a large change in plant life and plant communities.
Food security in south Asia is now threatened by yield stagnation, and possibly decline in
rice yields, in the face of continuing population growth. Added to this are current threats
to sustainability including overexploitation of ground and surface waters, water logging
and salinity, declining soil organic matter, water and atmospheric pollution, and global
climate change (Hobbs and Gupta, 2003). The sustainability of irrigated agriculture in the
rice-growing areas of southern Australia is also threatened by reduced availability and

increasing price of water and by secondary salinisation and global climate change.

2.2.1 Temperature

Bangladesh has a tropical monsoon type climate, with a hot and rainy summer and a
pronounced dry season in the cooler month. January is the coolest month of the year, with
the temperature ranging 13.5°C to 26.5°C, and April the warmest month, with the
temperature ranging 33°C and 36°C. In rare cases the temperature goes down less than
5°C but never touches freezing point. The climate is one of the wettest in the world; most
places receive 1525 mm (60 in) ofrain a year, areas near the hills receive 5080 mm (200

in) (Karim et al., 1990).



According to the Third Assessment Report (TAR), for the range of scenarios developed
in the IPCC Special Report on Emission Scenarios (SRES), the globally averaged surface
air temperature is projected to rise by 0.8-2.6°C by 2050 and by 1.4-5.8°C by 2100,

relative to 1990 as shown in table 2.1.

Table 2.1: Global tern erature chan e: 1PCC, 2001

Year Global Tern erature Chan
1990 0

2000 0.2

2050 0.8-2.6

2100 1.4-5.8

» Change in global mean annual temperature relative to 1990 averaged across simple climate
model runs emulating results of seven AOGCMs with an average climate sensitivity of 2.8°C for
the range of 35 fully quantified SRES emissions scenarios

Besides, projections of changes in surface air temperature have also been made for some
Asian regions (under 1S92a emission scenarios) and these are presented in Table 2.2. The
projection considered the time periods around 2020s (20 10-2029), the 2050s (2040-
2069), and the 2080s (2070-2099), and changes in surface air temperature have been
projected relative to 1961-1990. The projected area-averaged annual mean warming is
1.6:1:0.2°C in the 2020s, 3.1:1:0.3°C in the 2050s, and 4.6:1:0.4°C in the 2080s over land
regions of Asia as a result of increases in the atmospheric concentrations of GHGs. Under
the combined influence of GHGs and sulfate aerosols, surface warming will be restricted
to 1.4:1:0.3°Cin the 2020s, 2.5:1:0.4°C in the 2050s, and 3.8:1:0.5°C in the 2080s. The area-
averaged increase in surface air temperature is likely to be most pronounced over boreal
Asia and least in Southeast Asia in all seasons. The annual changes for South East Asia,
where Bangladesh lies are, 1.36, 2.69, and 3.84°C, respectively. The projections also
conclude that rise in temperature during winter is higher compared to that during the
summer even though aerosol forcing reduces surface warming. Table 2.2 also shows that
rise in temperature during winter is higher compared to that during the summer. It is also
evident from Table 2.2 that even though aerosol forcing reduces surface warming, the
magnitude of projected warming is still considerable and could substantially impact the

Asian region.



Table 2.2: Plausible changes in area-averaged surface air temperature as a result of future

increases—in glccniluuac Jases (ipcc 2060 i)
[ 2020s _ 20505 _ 20805 _
Rc~ions | Tenlllcrpturc Chanee (OC) | Tempetfature Change (OC) [ Temperpture Chan~e (oc)
Armual T Winter[ Summer [ Almual] WInter[ summer [ Annual| VVINTEr[ Summer |
Asia 1.58 1.71 1.45 3.14 3.43 2.87 4.61 5.07 4.23
(1.36) (1.52) (1.23) | (249) | (277 (2.23) (3.78) (4.05) (3.49)
SouthAsiaf 1.36 1.62 1.13 2.69 3.25 2.19 3.84 4.52 3.20
(1.06) (1.19) (0.97) (1.92) | (2.08) (1.81) (2.98) (3.25) 2.67) |
South-Easf]  1.05 1.12 1.01 2.15 2.28 2.01 3.03 3.23 2.82
Asia (0.96) (0.94) (0.96) (172 (1.73) (1.61) (2.49) (251)  (2.34)

Note: Numbers in parenthesis arc area-averaged changes when direct effects of sulfate aerosols arc
included

Modeling studies by Hug et al., (1999) indicated that the average increase in temperature
would be 1.3°e and 2.6 °e for the projection years, 2030 and 2075, respectively. Similar
to !'pee projections, the rise in winter temperature in Bangladesh was predicted to be
higher by Hug et al., (1999), probably due to significant increase in monsoon
precipitation, which could also cause severe flooding in the future. The projected changes
were: 1.4 °e change in the winter and 0.7 °e in the monsoon months in 2030. For 2075,
the variation would be 2.1 °e and 1.7°C for winter and monsoon, respectively (Tables
2.4, 2.5). Temperature increases reported in World Bank (2000) are: by 2030, a 0.7" e
temperature rise in monsoon, and a 1.3 " e rise in winter temperature, and by 2050, 1.1"
e rise in monsoon, and 1.8° e rise in winter. The projected increases in surface air
temperature by Hug et al., (1999) and World Bank (2000) were somewhat lower those
projected for south Asian regions by IPee (2001).

SAARe Meteorological Research Centre (SMRC) has studied surface climatological data
on monthly and annual mean maximum and minimum temperature, and monthly and
annual rainfall for the period of 1961-90. The study showed an increasing trend of mean
maximum and minimum temperature in some seasons and decreasing trend in some other
seasons. Overall the trend of the annual mean maximum temperature has shown a
significant increase in annual mean maximum temperature over the period of 1961-90
(Karmakar and Shrestha, 2000). The study has also projected climatic changes up to 2050

and 2100 using a 5 years running average, and actual values. Based on a 5-year running
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average, it is found that the annual mean maximum temperature is likely to rise by 0.48°C
and 0.88°C in 20S0 and 2100, respectively. It is also found that the annual mean
minimum temperature is likely to decrease by 0.06°C and O.lloC by 20SO0 and 2100
respectively. The overall annual mean temperature is likely to increase by 0.21°C and
0.39°C by 20S0 and 2100, respectively. The most important finding of the study is the
seasonal variation of future temperature and rainfall. It is found that in the pre-monsoon
season the mean maximum temperature is likely to decrease by 0.44°C and 0.80°C by
20S0 and 2100, respectively. Conversely in the southwest monsoon season the maximum
temperature is likely to increase by 0.90°C and 1.6S0C by 20S0 and 2100, respectively

and the increasing trend is statistically significant (Karmakar and Shrestha, 2000).

Chowdhury and Debsarma (1992) observed the increasing tendency of the lowest
minimum temperature over Bangladesh. Warrick et al., (1994) studied the variation of
temperature and rainfall over Bangladesh. In this study, mean-annual temperatures have
been expressed as departures from the reference period 19S1-1980. It is evident that, on
this time scale, Bangladesh region has been getting warmer. Since the later part of the last
century, there has been, on average, an overall increase in temperature by O.SoCwhich
was comparable in magnitude to the observed global warming. Karmaker and Nessa,
(1997) studied climate change and its impacts on natural disasters and southwest-
monsoon in Bangladesh and the Bay of Bengal. They found that the decadal mean annual
temperature over Bangladesh have shown increasing tendency especially after 1961-

1970.
2.2.2 Rainfall

Water that is considered from the aqueous vapor in the atmosphere and falls in drops
from sky to the earth is called rain; and the total amount of rain that falls in a particular
area within a certain time is called rainfall. The rainfall in Bangladesh varies seasonally

and place to place. Among the climatic parameters the most important one is rainfall.



Rainfall varies not only with time but also with geographical area and altitude in space

and is a continuous random variable (Ali et al., 1994).

Rainfall is the single most important climatic parameter influencing agriculture of our
country since some 75 to 80% of the cultivated land is non-irrigated. This is the free
source of water directly and most uniformly available to a crop and the foliage. But it can
be utilized most efficiently by reducing its harmful effect and increasing beneficial
outcomes, which requires planning of agricultural activities in such a way that beneficial

effect of the rainfall is maximized and harmful effect minimized (Khan et al., 1991).

Hargreaves and Prassad (1985) stated that rainfall was erratic, uncertain and unevenly
distributed. Although irrigation facilities in the country rapidly expanding, but it was a
costly input in crop production. Out of the total cultivable areas available in the country
about 85% of the cultivated areas were under rain-fed agriculture (Handa and Srenath,

1983).

Patterns of Rainfall

Instrumental records ofland-surface precipitation continue to show an increase of 0.5 to
1% per decade in much of the Northern Hemisphere mid- and high latitudes. A notable
exception includes parts of eastern Russia. In contrast, over much of the sub-tropical land
areas rainfall has decreased during the 20th century (by -0.3% per decade), but this trend
has weakened in recent decades. Other precipitation indicators suggest that large parts of
the tropical oceans have had more precipitation in recent decades, and that precipitation
has significantly increased over tropical land areas during the 20th century (2.4% per
century). The increase in precipitation over the tropics is not evident during the past few
decades. In the Southern Hemisphere, the pattern of island rainfall in parts of the South
Pacific has changed since the mid-1970s, associated with the more frequent occurrence of

the warm phase of the El Nino-Southern Oscillation (ENSO).
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In the IPCC third assessment report, projections of changes in precipitation in different
Asian regions have also been made (under 1S92a emission scenarios) and these are
presented in Table 2.3. The projections considered time periods around 2020s (20 I0-
2029), the 2050s (2040-2069), and the 2080s (2070-2099), and changes in precipitation
have been projected relative to 1961-1990. In general, all models simulate an enhanced
hydrological cycle and increase in annual mean rainfall over most of Asia. Projected
increases are more pronounced under the combined influence of GHGs and sulfate
aerosols, compared to those under the influence of GHGs alone. The models show high
uncertainty in projections of future winter and summer precipitation over south Asia
(with or without direct aerosol forcing). The effect of sulfate aerosol on Indian summer
monsoon precipitation is to dampen the strength of the monsoon compared to that seen
with GHGs only. Table 2.3 shows increases in summer precipitation for projected years,
especially under the influence of GHGs alone. On the other hand, it shows a reduction in

winter precipitation (especially with consideration of sulfate aerosols).

Table 2.3: Plausible changes in precipitation over Asia and its sub regions as a result of
future increases ip greenhouse gases (IPCC,|2001)
2020s 20S0s 2080s
Regions Precil,itafion  Chahge (%) Precipitdtion  Chgnge (%) Precil,itatjon  Chande (%)
Anrpual Wirter——Surer— —AnrrH—\Arter——SHRHReK Anrpual Winter SUmer
Asia 36 5.6 2.4 71 10.9 41 11.3 18.0 5.5
(2.3) (4.3) (1.8) (2.9) (6.5) (1.5) (7.0) (12.1) (3.5)
South 2.9 2.7 2.5 6.8 2.1 6.6 11.0 5.3 7.9
Asia (1.0) (-10.1) (2.8) (-2.4) (-14.8) (0.2) (-V.1) (-11.2) (2.5)
South- 2.4 1.4 2.1 4.6 35 34 8.5 7.3 6.1
East Asia .7 (3.3) (1.2) (1.0) (2.9) (2.6) (5.1) (5.9) (4.9)

Note: Numbers in parenthesis arc area-averaged changes when direct effects of sulfate aerosols are included

The results of modeling studies on Bangladesh presented by Huq et al. (1999) and World
Bank (2000) follow a trend similar to those presented in Tables 2.3 and 2.4. Huq et al.
(1999) predicted (see Tables 2.4, 2.5) that winter precipitation would decrease at a
negligible rate in 2030, while in 2075 there would not be any appreciable rainfall in
winter. On the other hand, monsoon precipitation would increase at a rate of Il percent

and 28 percent for the years 2030 and 2075, respectively. This may cause sever drought
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conditions

water supplies.

Table 2.4 shows that compared

similar in 2030 and slightly higher in 2075. But in winter months (December

evaporation

decrease moisture availability
would be much higher

events in monsoon

insignificant  (Hug et al., 1999).

Table 2.4: Climate change

scenarios for Bangladesh

in dry months.

to 1990 values,

Even

average evaporation

for 2075 would be much higher owing to less precipitation,

in monsoon

and winter, while the average annual change in evaporation

in 2030 and 2050

months

in some parts of the country putting pressure on both domestic and irrigation

would be almost
to March),
which would

evaporation

in 2075. All these results suggest that there would be extreme

would be

(Hag et al., 1999

A Wortd-—Bank—2000)
Average Tnmpnmfum Ayprngn Dwipitatinn
Vear Teémperature Increase! Precipitation Incrcasc”
W M Ave W M Ave W M Aye w M Ave
°C °C nlln/month mm/month
Raco
1990 19.9 | 2&.7 | 25.7 0.0 0.0 0.0 12 ~1& 179 0 0 0
2030 | 21IA 29.4 | 27.0 T.3 0.7 T.3 1% ~65 189 5 ~7 T0
2075 22.0 30A 2&.3 2.1 L7 2.6 00 530 207 -12 tt2 2&

W stands for winter, M stands for monsoon, and Ave stands for average.
1) Estimated yalues obtained by correlating model output data wilh the observed dala.

2) Estimated based on model output dHlaregarding rate of temperature clllinge

Notes:

Table 2.5: The fluctuations

of values of parameters

considered by Hug et al. (1999) with
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TESPECt 10 (Newr values under base-year (1990)" Sltuation [(HUQq et al., 1999)
Parameter 2030 2075
Winter Monsoon Winter Monsoon
Temperature (0C) 2 0.65 15
Evaporation (%) 10 2 16 5
Precipitation (%) -3 1 -37 28
Discharge (%) -5 20 -67 51
Watershed development (%) 60 100
Sea level rise (em) 30 70




The SAARC Meteorological Research Council (SMRC) carried out a study on recent
relative sea level rise in the Bangladesh coast. The study has used 22 years historical tidal
data of the three coastal stations. The study revealed that the rate of sea level rise during
the last 22 years is many (DId higher than the mean rate of global sea level rise over 100
years, which shown the important eflect of the regional tectonic subsidence. Vnriation

among the stations was also (ound.

General Circulation Model used by the US Climate Change Study team for Bangladesh
reported that the average increase in temperature would be 1.3°C and 2.6°C for the years
2030 and 2070, respectively. It was found that there would be a seasonal variation in
changed temperature: 1.4°C change in the winter and 0.7°C in the monsoon months in
2030. For 2070 the variation would be 2.1°C and 1.7°C for winter and monsoon,
respectively. For precipitation it was found that the winter precipitation would decrease at
a negligible rate in 2030, while in 2075 there would not be any appreciable rainfall in
winter. On the other hand, monsoon precipitation would increase at a rate of 12 per cent

and 27 per cent for the two projection years, respectively (Ahmed and Alam, 1999).

Availability of Rainfall

Murshid (1987) presented the year to year variation of crop yield was mainly due to the
fluctuation in weather. The most important component of weather was the amount of
rainfall and its distribution during the life span of a crop. Karmakar (2004) studied the
monthly country averaged rainfall had interannual variation and it had increasing linear
trends during the pre-monsoon season. The rates of increase of country-averaged rainfall
were 1.3359 mmlyear, 1.0909 mm/year and 1.1189 mm/year in March, April and May,
respectively. The variation of monthly country averaged rainfall over Bangladesh
maintained a similar pattern of variation with 11-13 year cycle. Quadir et al., (2003)
reported that the average annual of rainfall over Bangladesh varies from 1429-4338mm.

About 75% of the annual precipitation occurred during the monsoon period, about 15% in
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the pre-monsoon and the rest 10% occurred in winter and post-monsoon season. In

Bangladesh monsoon, average rainfall varied from 1994 to 3454 mm (BBS, 2002).

The average annual rainfall in the country was 2486 mm. They also found that the
average monsoon rainfall in every year was found to be 66.76%. About 70 to 80% of the
rainfall occurred during the month from June to September. Leaving the most productive
dry season (November to March), there is extremely inadequate rainfall for crop growth

(Ali et al., 1994).

Talukder et al. (1988) studied the average annual rainfall in Bangladesh was 2047mm the
contribution of the month ofJune, July, August and September were 416, 415, 342, and
269 mm, respectively. The annual rainfall in the country ranges from 1400 to 5800mm,
but its distribution is uneven. Amin et al., (2004) analyzed the period between May to
October was surplus period (rainfall>PET), and generally no problem with agricultural
and other water-based activities in Bangladesh. The months from November to March,
and in some instant up to April was deficit period (rainfall<PET). Individually months of
May-October there is no aridity in Bangladesh. Only for individual months of November,
December, January and February Bangladesh falls in aridity condition. In March, except
sylhet, Rangamati, Chittagong, Cox's Bazar whole country falls in arid zone. In April
month, only Rajshahi, Bogra, Dinajpur, Rangpur, Jessore, Satkhira, Cox'x Bazar falls in

arid zone (Quadir et al., 2003).

Islam et al., (2002) described ascent and descent of severity of droughts mostly depended
on fluctuation in rainfall distribution. Higher fluctuation was responsible for higher
drought; while less varied distribution causes somewhat lower drought. Rainfall at 50%
and 80% probability with respect to crop demand was almost scarce throughout the crop
season. Specially, at the beginning of ripening stage availability of rainfall was nearly
zero. The irrigation requirement during different months of the crop growing period is a
function of rainfall deficits in those months for planting an irrigation water supply

system. Thus, rainfall deficit information for different areas and periods can greatly help
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in determine optimal water release from a reservoir in accordance with demand, when
rainfall exceeds evaporation, soil moistures reserves are recharged till filed capacity is
reached and any further rainfall is termed as surplus. When rainfall is less than
evaporation, soil moisture is utilized and rainfall deficit conditions occurred. The rainfall

deficits are functions of time (Talukder et al., 1994).
2.2.3 Solar Radiation

Solar radiation is radiant energy from the sun, measured as a total amount (direct beam
solar radiation plus sky radiation) expressed in calories per cm® per hour (cavem’hr) or
MJ per m? per day (MJim%day).  Only the "visible" part (380-720 nm) of the total solar
energy is important for photosynthesis. During the ripening period of the crop in the
monsoonal tropics, the intensity of solar radiation during an average day is about 350
caVem® per day, which is similar to the values reported during the rice growing season in
temperate Asia such as in Japan (Munakata et al., 1969) and Korea (IRR1, 1972). Fukui
(1971) reported that in the temperate Asian countries, solar radiation during the main
cropping season is nearly the same as that for the rainy season in humid tropical regions,

that is, 400 cal/cm® per day.

In the rice-growing areas in the Mediterranean countries, the United States, and southern
Australia, average solar energy for the rice-growing season is about 100 caV cm?® per day
greater in either Asian temperate or monsoon tropical countries. Solar energy during the
ripening period of rice in the southern Australia is 100 call cm® per day more than in
Asian temperate or monsoon tropical condition (Fukui, 1971). At least 700 caV cm?® per

day are recorded in some rice growing regions in Portugal and the United States.
2.24  Relative Humidity

Relative humidity refers to water vapor, exclusive of condensed water, in the atmosphere.

It is the ratio, expressed as a percentage, vapor pressure (e) to saturation vapor pressure
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(em) at the existing temperature. March and April are the least humind months over most
of the western part of the country. The lowest average relative humidity (57%) has been
recorded in Dinajpur in the month of March. The least humind months in the eastern
areas are January to March. Here the lowest monthly average of 58.5% has been recorded
at Brahmanbaria in March. The relative humidity is everywhere over 80% during June
through September. The average relative humidity for the whole year ranges from 78.1%

at Cox's Bazar to 70.5% at Pabna (Banglapedia, 2004).

2.25 Sunshine Hour (Day Length)

The natural day length, or photoperiod, which affects growth of the rice plants, consists
of the length of the period of daylight and the duration of the civil twilight. Day length is
the interval between sunrise and sunset. Civil twilight is the interval between is the
interval between sunrise or sunset and the time when the position of the center of the sun
is 6° below the horizon. The day length (including civil twilight) pattern during the main
rice cropping season varies most in high latitudes such as in Sapporo, Japan, and least
near the equator such as in Bogor, Indonesia. Similarly, the day length patterns of
selected upland rice-growing areas in some countries show that greater changes take

place in Uberaba, Brazil, than in Ibradan, Nigeria (De Datta and Vergara, 1975).

2.2.6  Carbon di oxide (COy

The atmospheric CO- concentration has risen dramatically since pre-industrial times, and
it might be doubled by end of the century (IPCC, 200 1). As a result of enhanced rate of
trapping of infrared radiation by the increased levels of CO, and other trace gases in the
atmosphere. The elevated CO, together with higher temperatures, could have a large
impact on future agricultural productivity at the time when the larger global population
will demand more food to be produced from the smaller land area that is available for
agriculture.  According to UNEP, CO; induced warming is expected to land to rises in

sea level as a result of thermal expansion of the oceans and partial melting of glaciers and
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Ice caps and its most severe effects on agriculture are likely to stem directly from
inundation. South-east Asia would be most affected because of with a I.S m sea-level
rise, about 1S percent of all land area in Bangladesh would be inundated and a further 6
percent would become more prone to frequent flooding. Altogether 21 percent of

agricultural production could be lost.

The predicted temperature increase in the low latitudes is expected to be even smaller
than the global average. Modest increases of less than 1-3.SoC will be deleterious but
manageable. Further, adaptation and carbon fertilization are expected to mitigate most of
these effects. Current predictions suggest impacts in most developing countries that range
from losses to small gains. In order to cast some light on these predictions, a low,
medium and high climate scenario of 1,2, 3.SoC global temperatures increase. This range
of temperatures is partly due to range of possible CO; concentrations. The 1°C scenario
has a 2100 CO; concentration of 700 ppmyv, the 2°C scenario is 800 ppmv and 3.So C
scenario involves a 1000 ppmv concentration. Country-specific changes in temperature
and precipitation are predicted using UIUC 1l (Schelesinger and Andronova, 1995;
Schelesinger and Verbitsky, 1996) for each of these three climate scenarios. Agricultural
impacts are then predicted using country-specific future agricultural projections along

with two climate sensitivities.

A pessimistic prediction is taken from agronomic-economic results and an optimistic
prediction is taken from cross-sectional results (Mendelsohn and Schelesinger, 1999).
Developed countries are likely to benefit in every scenario as carbon fertilization effects
are expected to more than compensate for climate effects. The agricultural GOP in the
OECD is expected to increase 4% to 11% by 2100 from global warming. The biggest
winners are Eastern Europe and the former Soviet Union which are expected to gain
between 9% and 48% of agricultural GOP. Developing countries, however, may
experience losses. The range of effects for developing counties is between gains of 4 %

of agricultural GOP.
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2.3 Effect of Climatic Parameters on Rice Production

To delineate the effects of climate on rice production, understanding of both weather and
climate is essential. Weather, which depends upon the heating and cooling of the earth's
atmosphere, is a condition of the atmosphere at a given moment; climate is the condition
of atmosphere over a period of time. Climatic differences must be carefully considered

when comparing the performance of a rice crop or a variety grown at different sites.

According to Quadir et al., (2004) production of crops depends on different types of
weather parameters and phenomenon. Crop failure may sometimes occur due to excess
and deficit rainfall conditions or flood or drought of the country comes as a significant
strain to its socio-economic structure. Nooruddin (2004) mentioned that the yield levels
of both local and high yielding rice crops were significantly different between seasons in

Bangladesh. It is highest during boro and lowest during aus season.

According to BINA (2004) crop grew under rain-fed condition when short duration and
low water demand crop varieties could be chosen. In addition, the areas where usually
occurred excessive depletion of the groundwater (e.g. Rajshahi) and problems like
arsenic contamination has been started; the dry-land crops might be produced instead of
winter rice (boro) for as sustainable and environment safe agricultural production. The
effect of climate on the environment for the rice crop is major. Basic to understanding
climate is knowledge of its elements, especially temperature, rainfall, solar radiation,

relative humidity, sunshine hour and CO.

2.3.1 Effect of Temperature on Rice Production

The tropical and subtropical countries will be more vulnerable to the potential impact of
global warming through the effect on crops, soils, insects, weeds and diseases.

Bangladesh is in the subtropical region. Therefore, the agriculture of this country will be

affected. The effects of climate change are already evident in the agro-ecosystem of the
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country. Agriculture is strongly interrelated with climate factors. Temperature, which is
one of the main factors of climate, is close associated with agricultural production. In
agricultural, rice production is affected by deviation in temperature. Climate change will
increase the temperature which will bring changes in rice farming activities and affect
crop yield. Temperature regime greatly influences not only the growth duration but also
the growth pattern of the rice plant. During the growing season, the mean temperature,
and the temperature sum, range, distribution pattern, and diurnal changes, or a
combination of these, may be highly correlated with grain yields (Moomaw and Vergara,

1965).

A boro crop encountering critical low temperature is appeared to suffer from cool injury.
The extent of cool injury depends on the nature and duration of low temperature and
diurnal change of low temperature and diurnal change of low (night) and high (day)
temperature. The critical low temperature for a rice crop at agronomic panicle initiation
(API1), reduction division (RD) and anthesis are 1SoC, 19°C and 22°C, respectively. The
probability of experiencing stage-wise critical temperature approaches to 100% for
established and short duration crop (Biswas, 2009). In Bangladesh low temperature i.e.
cold problem occurs in winter season usually during November to February when
minimum temperature remains often below 20°C. Sometimes minimum temperature

occur bellow 20°C in March and April in some parts of the country.

Injury of rice plants by low temperature occurs in temperate and tropical regions. Kaneda
(1972) reported 20 counties, mainly in lower-latitude areas, where cold injury in rice was
confirmed. Those countries included Australia, Bangladesh, Colombia, Indonesia, India
(Kashmir), Nepal, Peru, Sri Lanka, China and the United States. In Nepal, 15-20% of 1.3
million hectares of rice land are in a temperate region. Large areas of that land area are at
altitude of 1000-2000 m and cold damage to rice is common. The highest altitude at
which rice is grown is in Nepal's Jumla Valley (2621 m) in the far western Himalayas
(Shahi and Heu 1979). In temperate regions, cold injury is the main constraint limiting

the rice growing area and length of growing season. In Korea, low temperature often
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causes low rice yields (Chung 1979). Inthe Beijing area of China, where the temperature
can go as low as 5°C, rice seedlings have to protected from cold injury. In California, two
major types of cold problems have been cited since rice became a commercial crop about
1912:
I. Seedling vigor and establishment in cool water (I SoC or below).
2. Sterility caused by cool night temperatures (below 15°C) 10-14 days before
heading (Rutger and Peterson, 1979).
Two factors cause cold injury to rice-cool weather and cold irrigation water. The
common types of symptoms caused by low temperature are (Keneda and Beachell, 1974)
. Poor germination
Slow growth and discoloration of seedlings
Stunted vegetative growth characterized by reduced height and tillering
Delayed heading

Incomplete panicle exsertion

2.
3
4
5
6. Prolonged flowering period because of irregular heading
7. Degeneration of spikelets
S. lrregular maturity
9. Sterility

10. Formation of abnormal grains
Islam et al., (1995) studied that the higher minimum temperature during the ripening
phase also affected the grain vyield significantly. In one study, multiple regressions
between grain yield and temperature and solar radiation revealed that higher mean
temperature at vegetative stage affected grain yield. He reported that cold temperature
during boro season often reduced the rice production. In Bangladesh, in many areas, early
planting of short duration varieties suffered from cold temperature during boro season. It
was found that boro season crops often suffered from cold at the seedling stage and
sometime at reproductive phase particularly for early planting with short duration rice
varieties (Islam and Morison, 1992). In 1990 boro field observations revealed very high

grain sterility (40-90%) due to unusual fall of temperature in March resulting crop failure

in several regions of Bangladesh (Haque et al., 1992).
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When temperatures exceed the optimal for biological processes, crops often respond
negatively with a steep drop in net growth and yield. If night time temperature minimum
rise more than day time maximum, heat stress during the day may be less severe than
otherwise, but increased night time respiration may also reduce potential yields. High
temperature is accelerated physiological development, resulting in hastened maturation
and reduced yield (Cynthia Rosenzweig and Daniel Hillel, 1995). Karim et al., (1996)
reported that higher temperature reduced the yields in almost all locations in Bangladesh
and it was particularly pronounced with 4°C increase. The production of boro rice
decreases 4% and 7% for temperature increases of 2°C and 4°C, respectively. The
increased production over baseline varied between 16 and 30% for combinations of
increased temperature and CO, In generally, though, the 4°C increase was more

detrimental that the 2°C increase, despite of the level of CO:

Yoshida (1981) conducted experiments at the International Rice Research Institute (IRRI)
in the Philippines showed that when rice was exposed to air temperature higher than
35°C, heat injuries occurred. Varietals differences were observed for higher temperatures
at different growth stages. The rice appeared to be the most sensitive to high temperatures
at flowering. High temperatures during anthesis induced high percentage of spikelet
sterility, which was attributed to disturbed pollen shedding and impaired pollen
germination. Early morning anthesis was considered one way of avoiding high
temperature stress. Studies showed that heat tolerance had a fairly high heritability, and
that most genetic variation was additive. Amin et al., (2004) studied that temperature
regulated respiration and translocation. Plant respiration rate increased with temperature.
The optimum temperature for the ripening of rice was 21-22°C. At temperature below
21°C translocation was usually decelerated, while at temperature above 22°C the

respiration rate was accelerated and the grain-filling period shortened.
Satake and Yoshida (1978) reported the heading stage at which the rice plant is most

sensitive to high temperature. Fertility of spike lets was 75% for plants held at 35°C for 4

hours, about 55% at 38°C for 4 hours and about 15% at 41°C for 2 hours. It is common to
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have maximum daily temperatures from 35-41°C or higher in semiarid regions and during
hot months in tropical Asia. In these areas, a heat susceptible variety may suffer from a
high percentage of sterility induced by high percentage of sterility induced by high
temperature (Satake and Yoshida, 1977). According to Satake and Yoshida (1978),
spikelet sterility from high temperature is induced largely on the day of flowering. Within
the flowering day, high percentage just before anthesis was second most detrimental and
high temperature after anthesis had little effect on spikelet fertility. Two important
characteristics for heat tolerance of rice varieties at flowering are good pollen shedding

and early morning anthesis.

Change of temperature would also have an effect on moisture available for crop growth,
whether or not levels of rainfall remained unchanged. In general, and mid latitudes,
evaporation increases by about 5 percent for each °c of mean annual temperature. Thus if
mean temperature were to increase in the east of England by 2°C potential evaporation

would increase by about 9 percent (Rowntree et al., 1989).

Most agricultural diseases have greater potential to reach severe levels under warmer
conditions. Fungal and bacterial pathogens are also likely to increase in severity in areas
where precipitation increases. Under warmer and more humid conditions cereals would
be more prone to diseases such as Septoria (Beresford et al., 1989). Zhao et al., (I 988)
indicated drier soil moisture conditions will exist in South Asia (including Bangladesh)
during boro rice growing under global warming conditions. Air temperature is the critical
variable that influences the dry season boro rice productivity (when water supply is not a

major issue), inclusion of the variations in the weather variables is not necessary.
2.3.2 Effect of Rainfall on Rice Production
Variability in the amount and distribution of rainfall is the most important factor limiting

yields of rainfed rice, which constitutes about 80% of the rice grown in South and

Southeast Asia. For the same amount of rainfall, the coefficient of variability of the
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rainfall is higher in the tropics than in the temperate areas. In low-rainfall areas,
variability is high regardless oflatitude (De Datta, 1970). Unfortunately, the world's two
largest rice growing countries, India and China, have many areas that receive less than
1200-1500 mm of rainfall. India, with the largest rice growing in the world, often has
inadequate or excessive rainfall during the rainy season. As a result, drought or flood, and

sometimes both, cause substantial damage to rainfed rice production.

Variability of rainfall affects the rice crop at different times. If the variability is
associated with the onset of the rain, stand establishment and the growth duration of rice
are affected. If variability is associated with an untimely cessation at the reproductive or
ripening stage of the rice crop, yield reduction is severe (Moomaw and Vergara, 1965).
Rainfall variability is more critical for upland rice-growing than for lowland rice.
Moisture stress can damage, or even Kkill, plants in an area that receives as much as 200
mm of precipitation in a day and then receives no rainfall for the next 20 days. An evenly
distributed precipitation of 100 mm/month is preferable to 200 mm/month that fall in 2 or

3 days.

The irrigation requirement during different months of the crop growing period is a
function of rainfall deficits in those months for planting an irrigation water supply
system. Thus, rainfall deficit information for different areas and periods can greatly help
in determine optimal water release from a reservoir in accordance with demand, when
rainfall exceeds evaporation, soil moistures reserves are recharged till filed capacity is
reached and any further rainfall is termed as surplus. When rainfall is less than
evaporation, soil moisture is utilized and rainfall deficit conditions occurred. The rainfall

deficits are functions of time (Talukder et al., 1994).

Nooruddin (2004) mentioned that rainfall would supply water that was very essential for
rice growth particularly the rain-feed rice cultivation. Adequate water will support the
plant growth particularly during vegetative until the middle of reproductive stages, from

nursery until about 75 days after seedling. Soil can hold the water for some times
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depending on the soil texture. The lighter the soils texture the lower capacity in holding
the water. He also found that the yield levels of both local and high yielding rice crops
were significantly different between seasons in Bangladesh. It is highest during boro and

lowest during aus season.

Karim et al., (1999) reported that a little rainfall in early February helped the standing
boro cultivation to a significant extent while local rainfall may lead to severe floods in
late August, resulting into significant decline in area suitable for aman cultivation. Soil
moisture depletes rapidly in the later part of crop growth if there is scantly or no rainfall
during the wheat crop growing period. Soil moisture stress is reported to be adversely

affecting wheat yield (Islam, 1990).

Ingram et al., (1993) and Islam et al., (1994) observed that yield losses resulting from
water deficit were particularly severe when drought strikes at booting stage. Effects on
yield, however, are small as compared to drought stress at reproductive stages, which
irreversibly reduces the number of fertile spikelets. Hargreaves and Prassad (1985) stated
that rainfall was erratic, uncertain and unevenly distributed. Although irrigation facilities
in the country rapidly expanding, but it was a costly input in crop production. Out of the
total cultivable areas available in the country about 85% of the cultivated areas were

under rain-fed agriculture (Handa and Srenath, 1983).

2.3.3 Effect of Solar Radiation on Rice Production

The absorption of solar radiation by a plant canopy is a major factor determining its rate
of photosynthesis, and therefore also its rate of growth and development. The
photosynthesis mechanisms as well as the water demand and canopy microclimate are
influenced by light penetration (Blad and Lemur, 1979). It was stated that arrangement,
shape and number of leaves in plant canopy affect the penetration interception,

distribution and reflection of light.
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The importance of solar energy in tropical agriculture was recognized only after World
War Il (Best, 1962). Calculated by De Wit's(1958) method, the average daily solar
radiation available in the temperate rice-growing regions such as the Po Valley, Italy,
Australia or Davis, Calfornia. But, because of his dependence on rainfall, the farmer of
rainfed rice in the tropics must grow his crops when there is low sunlight intensity. On
the other hand, where irrigation water is available, rice can be grown in the dry season
and the grain yield will be higher than in the wet season because of the higher intensity of

solar radiation.

Solar radiation at soil surface increased r~pidly at nearly 9.00 h to till on and exceeded
the peak values of global radiation (Ham et al., 1991), because of extra radiation reflected
from the canopy towards the sensors (Bate!l et al., 1997). Marani and Ephrath (1985)
conducted an experiment to investigate the penetration radiation into canopies. Photo-
synthetically active radiation (PAR) above and below the canopy was also measured. A
high correlation was found between plant height and leaf area index (LAL), and both were

highly correlated with radiation penetration.

Based on experiments in Texas, Stansel et al., (1965) and Stansel (1975) suggest that the
rice plant's most critical period of solar energy requirement is from panicle initiation
until about 10 days before maturity. In the tropics, the correlation between solar radiation
for 45-days period before harvest (from panicle initiation to crop maturity) and grain
yield, plotted by harvest month was highly significant (De Datta and Zarate, 1970).
Earlier experiments indicated a strong correlation between grain yield and solar radiation
during the last 30 days of growth (Moomaw et al.,, 1967). Subsequent IRRI research
indicated that the increase in dry matter between panicle initiation and harvest was highly
correlated with grain yield (De Datta et al., 1968). These results indicate the amount of
solar energy received from as early as panicle initiation until crop maturation is important
for the accumulation of dry matter during that period. This may be explained from the
results obtained by Murata (1966), which showed that the accumulation of starch in the

leaves and culms begins about 10 days before heading. Starch accumulates markedly in
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the grain during the 30-day period following heading (Murata 1966, Yoshida and Ahn
1968) and the total period of 40 days before maturity may be considered as the period of

grain production.

With irrigation, the dry-season rice yields in the tropics (11 tlha reported at IRRI) should
be similar to those reported by Best (1962) for the temperate region (12.5 t/ha). However,
the grain yield obtained during the wet season is lower than those in the dry season
because of the lower level of solar radiation received during the crops' grain-filling and

ripening stages (De Datta and Zarate, 1970).

The solar radiation requirement of a rice crop differs from one growth stage to another
(Islam and Morison, 1992). Shading during the vegetative phase only slightly affected
yield and yield components. In contras, shading during the reproductive and ripening
phase caused significant reductions in yield by reducing panicle number, tinal spikelet
number, grain weight etc. Kumar and Tripati, (1991) reported that direct sun under
drought condition reduced leaf water potential and influences canopy temperature of

wheat.

Yoshida (1977) has shown that critical stage in rice was the 25-day period before
flowering when the number of spikelets is determined solar radiation is especially
important. The spikelet number accounts for 60% of the yield variation. Solar radiation
affects many physiological processes, particularly photosynthesis. The light requirement
varies with plant species. There are critical stages of plant growth when solar radiation is
especially important. For the same amount of daily solar radiation, the photosynthesis

rate increase with day len!,>th.

2.3.4 Effect of Relative Humidity on Rice Production

The effects of relative humidity in the tropics are generally confused with the effects of

solar energy and temperature. The average relative humidity before harvest follows a
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trend opposite that of the solar radiation values for the same period. Therefore, no
importance is attributed to the high negative correlation between relative humidity and
grain yield. However, a long dew period often causes increased incidence of blast disease
in rice. In such cases, the effects of high relative humidity are often confounded by the

night temperature regime, which cause a long dew period.

Relative humidity may affect gram formation after milk stage, ripening and disease
incidence in rice. High relative humidity favours crop growth through the vegetation
stage. During grain formation, low humidity may cause grain to shrink, but high humidity

favours disease, particularly in rainfed rice (Amin et al., 2004).

2.3.5 Effect of Sunshine hour on Rice Production

Rice is generally a short-day plant and sensitive to photoperiod. Thus, long days can
prevent or considerably delay flowering (Vergara and Chang, 1976). In lowland rainfed
rice culture, delay in transplanting photoperiod-sensitive varieties because of delayed
rains does not usually affect the grain yields. It is because of that flexibility at the
seedling stage that photoperiod-sensitive varieties have traditionally been grown in
monsoonal Asia (Vergara, 1976). The photoperiod-sensitive traditional varieties have
provided stability in rice production even though their yield levels have been low. Those
varieties produced some vyield levels have been low. Those varieties produced some
yields levels regardless of lodging, typhoon damage, or inadequate management practices
such as no fertilizer or no weeding (Vergara et al., 1966). In some areas, the need to delay
harvesting until monsoon-season floodwater has receded makes it essential to grow
varieties with long growth duration. This is possible only by using photoperiod-sensitive

varieties. But day length or photoperiod-insensitive rice varieties enable the farmer in the
tropics and subtropics to plant rice at any time of the year without great change in growth
duration (Chang and Vergara, 1972). In irrigated areas, and in rainfed areas where
flooding is limited to a maximum water depth of 15-20 em, improved photoperiod-

insensitive varieties have partially replaced photoperiod-sensitive  varieties. Thus, it is
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obvious that insensitivity to day length is essential in one situation and a liability in
another. Amin et al., (2004) studied the months from November to March, and in some
instant up to April is deficit period (rainfall<PET). But from the viewpoint of availability

of bright sunshine hour, this period is best suited for crop production.

Yoshida (1981) described that grain yield in nce was comparatively low due to
inadequate light intensity but showed positive correlation with solar radiation, especially
during later stages of crop growth. Drought has some impact on the early stage of aus rice
but its greater influence could be visualized during the anthesis and milk stages.
According to Chang (1981) photoperiod is important in crop development. It can cause

crop failure and hinder the introduction of new varieties.

2.3.6  Effect of Carbon di oxide (CO» on Rice Production

Plants grow through the well-known process of photosynthesis, utilizing the energy of
sunlight to convert water from soil and carbon dioxide from the air into sugar, starches,
and cellulose. C02 enters a plant through its leaves. Greater atmospheric concentrations
trend to increase the difference in partial pressure between the air outside and inside the
plant leaves, and as a result more CO2 is absorbed and converted to carbohydrates. Crop
specles vary in their response to CO2. Wheat, rice, and soybeans belong to a
physiological class (called C3 plants) that responds readily to increased CO02 levels.
Higher levels of atmospheric CO, induce plants to close the small leaf openings through
which CO, is absorbed and water vapor is released. Thus, under CO2 enrichment crops
may use less water even while they produce more carbohydrates (Cynthia Rosenzweig

and Daniel Hillel, 1995).

Higher air temperatures will also be felt in the soil, where warmer conditions are likely to
speed the natural decomposition of organic matter and to increase the rates of other soil
processes that affect soil fertility. Additional application of fertilizer may be needed to

counteract these processes and to take advantage of the potential for enhanced crop
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growth that can result from increased atmospheric CO02 (Cynthia Rosenzweig and Daniel
Hillel, 1995). Higher temperature reduced the yields in almost all locations in Bangladesh
and it was particularly pronounced with 4°C increase. The production of boro rice
decreases 4% and 7% for temperature increases of 2°C and 4°C, respectively. The
increased production over baseline varied between 16 and 30% for combinations of
increased temperature and CO2. In generally, though, the 4°C increase was more
detrimental was more detrimental that the 2°C increase, despite of the level of C02

(Karim et al., 1996).

Singh and Padilla (199S) studied the effect of climate change on rice yield and adaptive
management practices in the Philippines. They reported that, under current temperature
regime, there would be beneficial effects of C02 from current (330 ppm) to high (660
ppm) concentrations in terms of grain yield, reduced transpiration, increased water-use
efficiency, increased radiation use efficiency, reduced N losses, and higher N-use
efficiency. The trends would be reversed for all the above parameters for each °c
increase in temperature 1TomO0 to SoCat each CO2 level. The increase in grain yield with
high N at 660 ppm concentration was much greater than at 330 ppm concentration. At
zero N, crop response to temperature was similar, but response to an increase in CO02
concentration was very low, suggesting that the benefits of higher concentration would be
more pronounced in high input irrigated rice. Further, some of negative effects of
temperature increase in warmer regions could be offset by the use of rice cultivars
tolerant to high temperature-induced spikelet sterility, and by planting cultivars with

longer growth duration, particularly longer grain-filling duration.

Karim et al.,, (1994) studied the impact of climate change on rice production at two
contrasting locations (Mymensingh and Barisal) in Bangladesh. At both sites, simulated
rice yield decreased significantly with temperature increases but this was offset by the
physiological effects of CO2. The study concluded that if C02 concentrations did not

increase, or if the fertilization effects of C02 were less than predicted, then rice
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production in Bangladesh could be negatively affected and the country's food security for

the increasing population would be threatened from climate change.

The agronomic results cited above do not include carbon fertilization or efficient
adaptation. The agronomic-economic studies suggest that including adaptation would
reduce the magnitude of losses. The experiments in laboratories and the field suggest that
elevated carbon dioxide levels will also have a dramatic positive effect. The |Pee
estimates that doubling carbon dioxide will roughly increase farm productivity by 30%

for most crops (Reilly et al., 1996)

2.4  Response of Soil Parameters on Rice Production

Rice is grown from the equator to SOoNand from sea level to 2500 m. It is grown in the
hot, wet valleys of Assam and in the irrigated deserts of Pakistan. The soils on which rice
grows are as varied as the climatic regime to which the crop is exposed: texture ranges
from sand to clay, pH from 3 to 10; organic matter content from 1to 50%; salt content
from almost 0 to 1%, and nutrient availability from acute deficiencies to surplus.
Productivity of land used for growing rice is to a large extent determined by soil and
water conditions. Rice is the only major annual food crop (with the exception of aroids)
that thrives on land that is water saturated, or even submerged, during part or all of its
growth cycle. Rice is grown on a variety of soils ranging from water logged and poorly
drained to well drained. It is also grown under many different climatic and hydrologic
conditions. Adequate water supply is a key to optimum rice growth and grain vyield.
Because of the characteristic shrinkage and the accompanying changes in physical
properties that occur, drying paddies are likely to pose conditions that will restrict root
development for sensitive plants cultivated under upland conditions, which is also the
case when an upland crop is grown in rotation with lowland rice. The nature of soil
impedance to root growth takes cognizance not only of the role of water content as it

affects mechanical resistance but also to the characteristics of the growing root tip.
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Understanding of clay minerals is important for management of rice soils. Both clay
content, as expressed by texture, and clay mineralogical characteristics have great bearing
on the productivity of soils. In Japan, and in most tropical Asian countries, soils with
montmorillonitic clay have higher fertility and higher yield potential than soils with
allophone (amorphous silicates) as the major clay constituents (Kawaguchi and Kyuma,
1969). Clay minerals playa significant role in physical and chemical properties of rice
soils. Soil pH, before and after flooding lowland fields, are important determinant in
evaluating fertility and management of rice soils. The pH values of lowland rice soils
vary greatly from country to country. Example of the range of pH values of paddy soils in

some South and Southeast Asian countries are, given in Table 2.6.

Table 2.6: pH of Plow layer soils of the Pagdy Fields in selected Countries (In a water
suspension 01 Air Dried Soil) (Adaoted from Kawaguchi, 1973)

country pH courtry pH
Thailand 5.2 India 7.0
Malavsia 4.7 Philippines 6.4
Sri Lanka 5.9 Indonesia (Java) 0.6
Bangladesh 6.1 Japan 55

With regard to mineral composition, many Indonesian soils contain low silica and high
iron, aluminum, and manganese. Soils from Thailand and Kampuchea have extremely
low phosphorus content. Soils from Sri Lanka are highly siliceous and low in iron oxide,
reflecting their sandy texture. Soils from India, Bangladesh and Burma have intermediate

levels of minerals (Kyuma, 1978).

Rice generally reported as a moderately salt-tolerant crop but no rice variety can
withstand high salinity throughout its growth cycle. Soil solutions high in sodium
chloride with specific conductance values 6-10 mS/cm are harmful to rice plants and
cause as much as 50% decrease in rice yield. In tidal areas, the specifics conductance
values change from day to day depending on tidal regime. Inland saline soils generally
have a pH>7. They are low in nitrogen, low in available phosphorus, but well supplied

with potassium. Coastal saline soils may be eutric (fertile), dystric (infertile), calcaric
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(calcareous), thionic (sulfidic and sulfaticc), or histic (organic). Saline-sodic soils and
calcaric saline soils are deficient in available zinc; thionic saline soils may have problems
of aluminum toxicity and iron toxicity as well as phosphorus deficiency; histic saline
soils are deficient in major nutrients as well as copper and zinc, and have other soil
problems. Hydrology and relief are important in determining the suitability of saline

lands for rice production (Ponnamperuma and Bandyopadhya, 1980).

2.5 Response of Planting Date on Rice Productiou

The gradually decrease in duration of the life cycle of different varieties occurs because
of the change in the vegetative phase at different dates of planting in the winter season.
The duration of the vegetative phase was the longest in January planting and the shortest
in March planting. Such variation was due to the number of days exposed to minimum
temperature below 20°C. The minimum temperature in January is usually the lowest and
it gradually rises towards Marchi April. Similarly tillering duration at January planting
was the longest, followed by February and March planting. The higher the tillering
duration, the higher percentage of productive tillers. The smaller percentage of
productive tillers in the warm season was probably due to presence of a high number of
underdeveloped tillers. Thus, the long tillering duration as affected by the prevailing
temperature in the winter-season rice crop is one of the key factors for the achieving

higher yield (S.Peng and B.Hardy, 2001).

The vegetative phase of rice is extended due to low temperature (Vergara and Chang,
1985). In November planting of BR3 when the temperature was cool, the vegetative
phase was extended by 50 d and the relative tillering rate reached its peak at 40 to 50 d
after transplanting. In contrast, with planting in July when temperature was high, the
relative tillering rate reached the highest value within 15 to 25 d after transplanting. In
most cases, tillering rate decreases because of low temperature (Kondo, 1954). Planting
time or sowing time is very important to obtain higher grain yield and the same time to

increase the land productivity. So, it is essential to screen advanced breeding lines that
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have potential as future rice variety. An experiment was conducted at the BRRI farm,
Gazipur in the T,Aman season 2005. The lines BR6592-4-6-5, BR6592-4-6-4 and
IR70175-54-1-1-2-3-HR2  were tested and compared with BRIl and BRRI dhan32 (ck).
Thirty-day-old seedlings were transplanted during 15 July to | October at 15 days
intervals. The promising lines BR6592-4-6-5 and BR6592-4-6-4 gave more than 4.00 t/ha
yield up to | September planting. However, these two lines gave more than 3.92 t/ha
yield up to 15 September. Although grain vyields of these two promising lines were
greater than check varieties irrespective of planting dates, they required about 7 days
more for maturation compared to BRRI dhan32. Moreover, grain yield drastically
reduced during | October planting, which was related with water stress in the flowering
stage. Thus, BR6592-4-6-5 and BR6592-4-6-4 could supplement SRI J and BRRI
dhan32 for obtaining more than 3.92 t/ha grain yield planted up to 15 September (BRRI
annual report, 2005-06).

The time seeding had contrasting effects on the two components of water productivity of
boro rice grown in the South Western coast of Bangladesh. Seeding before November
resulted in very low vyields due to cold stress at the critical reproductive stages of boro
rice. Late-seeding required more water to be taken from the limited storage capacity of
the canal network, and therefore will reduce the area that can be irrigated. With the
optimum dates of seeding around 1-10 November and proper water management, 15% of
the rice land can be planted after the Aman season. The percentage can be increased to

40% with some investments to improving the conditions of the canals (Abul et al., 2006).

2.6 Water Requirement for Rice Production

Water is indispensable to plant life. A plant's water content varies by species and within
various plant structures and also diurnally during the entire growth period. The formative
water for the plant is obtained mainly from soil through absorption by the plant roots. The
plant uses less than 5% of the water absorbed. The rest is lost to the atmosphere through

transpiration from the plant leaves.
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Karmer (1969) summarized the functions of water for a plant:
I. Itisa vital constituent of cell protoplasm.
2. Itisareactant or reagent in chemical reactions.
3. It is solvent for organic and inorganic solutes and gases facilitating their

translocation within the plant.

e

It gives mechanical strength to the plant by producing turgidity.

Water affects the physical character of the rice plant, the nutrient and physical status of
the soils, and the nature and extent of weed growth. The height of the rice related to the
depth of water in the paddy; the plant height generally increases with increasing water
depth. Tiller number of a rice plant, on the other hand, appears inversely related to water
depth, at least over a relatively wide range of moisture conditions. With progressive
drying of the soil, tiller number decreases, and much more sharply than under the
influence of increased water depth. Culm strength of the rice plant, and therefore lodging
resistance, decreases as the plant height increases. Thus, culm strength decreases if culms
elongate as water depth increases. There is no evidence that grain-straw ratio is affected
by water management practice in the rice field. Senewiratne and Mikkelsen, (1961)
compared growth of rice plants in submerged and upland soil. At the early growth stage
of rice, plants grew larger in the non submerged upland soil than on the submerged soil.
But later there were more increases in tiller number, plant height, and leaf area in the

submerged soil than in the non submerged soil.

One benefit of submerging rice soils is that it increases the availability of many nutrients,
particularly phosphorus, potassium, calcium, silicon, and iron. But if the soil is highly
permeable, nutrients will be leached downward from the root zone. Flooding a soil causes
chemical reduction of iron and manganese, as well as other elements in the soil. Various
organic acids such as acetic and butyric, and gases such as carbon dioxide, methane, and
hydrogen sulfide are produced. All except methane, when present in large amounts, may
retard root development, inhibit nutrient absorption, and cause root rot (usually between

the seedling and panicle initiation stages). These toxic effects are variously identified as
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physiological diseases, such as Akiochi (degraded paddy soils) in Japan and bronzing in
Sri Lanka. Toxicity is most often noticed when oxygen in the soil is depleted due to the

rapid decomposition of large quantities of organic matter.

High and low water temperature have adverse effects on growth and grain yield of rice.
High water temperatures have been reported to reduce rice yield, reduced uptake silicon,
potassium (sometimes resulting in brown spot caused by Helminthosporium oryzae),
reduced tiller number, and increased percentage of unfilled spikelet. At low water
temperature some indica varieties grow poorly, usually with reduced tillering. At the later
stages of rice growth, low water temperature delays panicle initiation, decreases panicle
size, and increases sterility. Nutrient uptake is adversely affected by low (15°C) water

temperature (Bhattacharyya and De Datta, 1977).

Emergence of weeds and the type of weeds in a weed population are closely related to the
moisture content of the soil and the water depth in the rice field. Conditions that favor
weed growth also make weed control difficult. Moist, but unflooded soil, warmer
temperature, and adequate light favor growth of grass. Water control during the early
stages of crop has a major effect on weed control. As weed become established, it much
more difficult to control them through water management. For transplanted rice, proper
management can substantially substitute for weeding. Grasses can be completely
eliminated if continuous flooding to a 16 cm depth is maintained throughout crop growth.
Even with 5 cm of continuous standing water, grasses are substantially controlled (De
Datta et al., 1973). Continuous flowing irrigation has the potential to produce optimum
rice yields. In an experiment at Japan's Niigata Agricultural Experiment Station, flowing
irrigation practiced (3-5 cm depth) from 35 days before heading o maturity gave about
7% increase in yield over that from continuous static submerged plots (5 cm depth).
There was, however, 8% reduction in grain yield if flowing irrigation was practiced
throughout crop growth, indicating the period of flowing irrigation may be critical

(Matsubayashi et al., 1963).
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In the Asia tropics rice is primarily transplanted for stand establishment. However, in
most of Sri Lanka, and in parts of India, and Bangladesh, rice is broadcast-seeded either
in the dry soil or wet or moist soil. Seeding into standing is not common in the tropics
because lack of proper water control and low oxygen concentration in water under the
high temperatures that occur in the tropics lead to poor establishment. In an experiment
by De Datta et al. (1973), as the water depth was increased for direct-seeded flooded rice,
crop establishment or number of plants per square meter was decreased. A brief drainage
period at the maximum tillering and panicle initiation stages reduced lodging but

increased weed populations.

It is important to determine water quality before the water is used for irrigation. It is
equally important to monitor water quality periodically against the potential hazards of
crop damage by poor irrigation water. For example, some parts of IRRI's experiment
station had the soil pH increased to 7.9, the electrical conductance to 12 mSI cm (12
mmhol cm), and the available boron content to 13 ppm as a result of irrigation with
alkaline, slightly-saline, deep-well water high in bicarbonates of calcium and magnesium,
boron, and silicon. The high pH, deposition of calcium and magnesium carbonate, and
the accumulation of silicon depressed the availability of zinc (Ponnamperuma, IRRI
1980). In Arkansas, United States, many of the irrigation wells produce water containing
high concentrations of calcium and magnesium carbonates. In parts of southwest and
southeast Arkanass, the groundwater contains high levels of sodium. Contained
application of such poor-quality water on a rice field may cause chlorosis and sometimes

death seedlings.

In California, Finfrock et al., (1960) described good rice irrigation water as that with:
I. Specific conductance less than 0.75 mSI cm (0.75 mmhol cm).
2. Boron contents ofless than 1 ppm.
3. Sodium adsorption ratio (SAR) index (tendency to from alkaline soil) less than

10.
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When high sodium water is used regularly each growing season, it may deflocculate the
soil so that thickness, compactness, and impermeability increase. The deflocculated soil

makes tillage difficult and usually produces low vyields.

2.7 Growth Duration of Rice production

In temperate Asia, the growth duration of rice can be manipulated in a limited was by
manipulating cultural practices. For example, in Japan where rice is mostly machine
transplanted, seedbed technology has been considerably improved. Farmers in Japan
extend the rice season by the use of temperature-protected seedbeds. This led to use of
longer-duration varieties and to significant vyield increase (Ishizuka et al., 1973). Rice
yields in Japan have increased steadily due to improvements in variety and cultural
practices. The rice growing season has been shifted to earlier in the spring by using

nonseasonal varieties. Transplanting is done when temperature is lower.

In tropics, where temperature is favorable for the year-round rice culture, there appears to
be optimum growth duration for high grain yields. The growth period of short-duration
plants (ofless than 100-day maturity) grown under normal field conditions usually do not
permit the production of sufficient leaf area to result in production of larger number of
panicles with well filled spikelets. Results of tests by Vergara (1970) indicate that under
certain environmental conditions (4°N), the best yields are from varieties that mature in
130-140 days. Optimum growth duration could be attained earlier by closer spacing or
higher nitrogen levels. With increased emphasis on increased cropping intensity in both
irrigated and rainfed areas, there is a considerable demand for rice with growth duration
around 100 days. With the use of those shorter duration varieties, it is possible to raise the
productivity per hectare per day even if the individual crop yield is somewhat lower than
for varieties with 130 days or longer. Thus, growth manipulation should be designed to

efficiently use given resources such as water, fertilizer, solar radiation, and temperature.
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2.8 Effect of Fertilizer Application on Rice production

Development of a rational method of fertilizer application requires knowledge of the
mineral nutrition of the rice plant at the different growth stages. It is also essential to
know the contributions of the nutrients absorbed to grain yield. A dynamic insight into
the physiological condition of the plant at any stage of the growth requires analytical
studies of every part of the plant. The characteristics of various plant organs are greatly
influenced by environmental factors of which one of the most important is mineral

nutrition.

For rice, 16 elements are essential- carbon (C), hydrogen (H), oxygen (0), nitrogen (N),
phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), zinc (Zn), iron
(Fe), copper (Cu), molybdenum (Mo), boron (B), manganese (Mn) and chlorine (CI).
These are divided into major and minor elements. The major elements, C, H, 0, N, P, K,
Ca, Mg and S are needed by plants in relatively higher amounts than the minor elements,
Fe, Mn, Cu, Zn, Mo, Band CI. All essential elements must be present in optimum
amounts and in forms usable by rice plants. Nitrogen, phosphorus, zinc and potassium are

nutrient elements most commonly applied by rice farmers (De Datta, 1981).

Rice plants require a large amount of nitrogen at the early and mid tillering stages to
maximize the number of panicles. Nitrogen absorbed at the panicle initiation stage may
increase spikelet number per panicle, size of leaves and grain and protein content in the
grains (Yoshida, 1975). The rate of dry matter production of the rice plant, the
proportionate weight of each plant part, and the mineral content of a given plant part
change as the plant develops. The causes are changes in physiological status of the plant
with the development of growth phases and changes in environmental conditions, such as
temperature, availability of each nutrient in the soil and so on, during growth and
development. The accumulation of nitrogen in the vegetative organs is high during the
early growth stages and decrease with growth. After flowering, translocation of nitrogen

from the vegetative organs to the grains becomes significant. There is some translocation
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of carbohydrates from the vegetative plant parts to the grams. Accumulation of
carbohydrates in the vegetative organs is negligible during the vegetative phase, and after

flowering a large amount of carbohydrates accumulates in the grains (Ishizuka, 1965).

Fertilizer use efficiency is the output of any crop per unit of fertilizer nutrient applied
under a specific set of soil and climatic conditions. Barber (1977) defined fertilizer
efficiency as the increase in yield of the harvested portion of the crop per unit of fertilizer
nutrient applied. The highest fertilizer efficiency is obtained with the first increment of
fertilizer and the size of the yield increase decreases successively with each additional
increment of fertilizer added. Therefore, the lowest rate of fertilizer would give the
highest efficiency but the yield obtained may be low and unprofitable. Another approach
to defining fertilizer efficiency is based on plant uptake with the least amount of fertilizer
needed to match plant use with maximum grain yield as the most efficient rate of
fertilizer application. Bartholomew (1972) classified nitrogen need according to plant
use-good use efficiency, average use efficiency, poor use efficiency and pollution range.
There are two possible reasons for not reaching expected yield levels:

I. The fertilizer nutrients are not taken up by the plants because they are applied at
the wrong time or in the wrong place, or transformation of nutrients has made
them unavailable.

2. Although taken up by the crop, the nutrients are not used for grain production due
to other growth-limiting factors such as in sufficient water or light or lack of other
mineral elements.

For India, Mahapatra et al., (1974) summarized fertilizer efficiency in cereals as dry-
season rice> wet-season> wheat> maize> millet> sorghum. In all those crops, a well
planned and well executed program of field research would help identify nutrient
deficiencies and determine vyield responses from low, as well as high, rates of fertilizer
application. Nitrogen is generally needed in most rice soils, particularly in places where
nitrogen-responsive  modem rice varieties are grown with improved cultural practices.
Low nitrogen use efficiency, the widespread need for nitrogen for food production, the

anticipated world shortage of petroleum products.
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Numerous nitrogen-response experiments have shown that the recovery of the fertilizer
applied to the rice crop is seldom more than 30-40%. Even with the best agronomic
practices and strictly controlled conditions the recovery seldom exceeds 60-65% (De
Datta et al., 1968). Ironically, the soil and climatic conditions that favor rice growth
adversely affect the recovery of nitrogen from the soil and are responsible for its rapid
loss. Nitrogen may be lost from plants through root exudation, the flushing action of dew
or rain and natural or mechanical loss of plants parts. Even considering all these
possibilities, a portion of the applied nitrogen is not accounted for. Recent research
indicates that there is a relationship between gaseous nitrogen loss and efficiency of
nitrogen utilization by rice plants. These losses may need to be considered to determine

nitrogen fertilizer effectivness in rice (da Silva and Stutte, 1979).

2.9 DSSA T/CERES-Model for Production of Rice Yield

80th rice and wheat are important crops in south Asia and Australia, and are grown
together in sequence in large areas. The sustainability of rice-wheat cropping systems is a
serious concern for food security in south Asia, and for viable regional communities in
Australia. Issues facing both regions include reduced availability of water for irrigation,
ability to farm profitably, and shallow water tables and salinity. Therefore there is much
interest in technologies that increase water use efficiency, productivity and profitability

of rice-based systems.

Crop models are useful tools for considering the complex interactions between a range of
factors that affect crop performance, including weather, soil properties and management.
Where pests and diseases are controlled, water and nitrogen fertilizer management are the
main factors influencing vyield for a given environment. The CERES Rice and Wheat
models simulate crop growth, development and vyield taking into account the effects of
weather, genetics, and soil water, carbon and nitrogen, and planting, irrigation and
nitrogen fertilizer management. The rice and wheat models can also be run in sequence

under the DSSAT framework. Therefore DSSAT/CERES Rice-Wheat offers the ability to
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evaluate options for increasing yield and water and nitrogen use efficiency of rice-wheat

systems.

Ritche et al., (1987) reported that the CERES-Rice model assumes nine stages of rice
plant growth: pre-sowing, germination, emergence, juvenile, floral induction, heading,
flowering, grain filling, and harvesting. Completion of these growth stages is determined

by accumulation of degree-days.

The phenology components of CERES Wheat and CERES Rice have been described by
Singh (1994) and Ritchie et al., (1998). The models describe the progress through the
crop life cycle using degree-day accumulation (heat sum). The duration of growth stages
in response to temperature and photoperiod varies between species and cultivars, and
genetic coefficients to describe these differences. The phenology component also
simulates the effect of water or N deficit on the rate of life cycle progress (Singh et al.,
1999). These effects may vary with life cycle phase; for example, water deficit may slow
the onset of reproductive growth but accelerate reproductive growth after the beginning

of grain filling.

In the sub-tropical environment of Kherala, India, Saseendran et al., (1998) reported that
grain yields of Jaya and IR8 were within 3% and straw yields within 27% of measured
yields, and that grain weight and grain number per m® were also predicted closely by
CERES model. In the same state, Rao et al., (2002) also observed very good agreement
between simulated and observed vyields of Jaya, Jyothi and Triveni for all transplanting
dates in one year (0-2% of observed values). Ina year in which heavy rains which caused
high sterility, the simulated yields were 5-10% greater than the observed vyields. Timsina
et al. (1995) reported that for experiments at Pantnagar in northwest India, simulated
grain yields ofPant-4 were generally within 1-15% of observed yields. but in some cases.
the simulated vyields were out by up to 40%, mainly due to the fact the model didn't
accurately predict the phenological events. In northern Bangladesh, simulated yields of

BRI4 and BRIl were either over or underestimated relative to observed yields. The
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model undoubtedly vyields at zero N (Timsina et al., 1998). However, some of the
discrepancy between simulated and observed yields was due to insect damage and

lodging at high N rates, which resulted in lower yields.

Timsina et al., (1995) tested the sensitivity of the CERES Rice and Wheat for a range of
variables (moisture regimes, planting dates, weather years, and N application rates) that
influence the productivity and sustainability of rice-wheat systems in the rainfed and
irrigated ecosystems on a fertile and an infertile soil in a subtropical environment at
Pantnagar, India. In the infertile soil, the simulated rice yields increased with increasing
level of fertilizer N while in the fertile soil, yields leveled otT for application rates higher
than 90 kglha. These results suggest that both models were sensitive to a number of
management related variables. Buresh et al., (1991) used CERES Rice to assess year to
year variability in response to N application for two transplanting dates (15 January and
15 July) in Philippines. The model consistently predicted higher N response with the
January than July transplanting and greater NH3 loss for July than January transplanting.
At Pantnagar, India, CERES wheat predicted a small response to applied N in fertile soil

but a large response in fertile soil.

Timsina et al., (1998) calibrated and validated the CERES Rice and Wheat models and
established the long-term vyield trends for wheat systems at Nashipur in northern
Bangladesh. Using the minimum soil, crop, and weather data, they then predicted the
long-term vyield trends two rice (BRI4 and BRII) and two wheat (Kanchan and Sowgat)
cultivars for low (zero N, rainfed) and high (120 kg-N/ha, irrigated) input systems for
three sites in north (Dinajpur District), northwest (Jessore District) and central (Gazipur
District) Bangladesh. Across sites, years, moisture and N regimes, BRIl rice always out
yielded BRI4, consistent with experimental results. Wheat yields across sites and years
were highest at Nashipur due to lower minimum temperature and higher solar radiation
during the growing season. Conversely, yields were lowest at Gazipur due to higher

temperatures and lower solar radiation.
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Hundal and Karu, (1996) used CERES models to study the effects of climate change on
rice, wheat, maize and ground nut in Ludhiana, India. Scenarios included the etTect of
changes in each parameter separately and in combination, with daily increases in
temperature (up to 3°C above normal), solar radiation (up to 10%), precipitation (up to
50%) and CO, concentration (up to 600 ppm). Hundal et a!., (1998) also studied the
effect of climate change on the yields of rice cv. PR 106 under various scenarious, also in
Ludhiana. Increased temperatures advance wheat maturity, but delayed rice, and reduced
leaf area, biomass and yield more in wheat than in rice. A 10% decrease in radiation
decreased the maximum leaf area index (LAI) by 7.6% in wheat and 5.9% in rice, whilst
a 10% increased LAl by 7.1 and 5.7%, respectively. Both Biomass and grain yields of
rice and wheat increased with solar radiation, increasing CO, concentration to 660 ppm
increased LAI, biomass, and grain yield of rice by IlI, 7.7 and 8.7%, respectively.
Decreased rainfall did not have any effect on rice and wheat yields as those crops were
fully irrigated. The interaction between temperature and solar radiation did not have any
effect on phenology. Negative effects on LAI, growth and yield of wheat were further
intensified where both temperature and radiation were increased. In rice, however, the
adverse effect of an increase in temperature by 1°C on growth and yield was compensated
for by increasing radiation by 5%. Increasing both temperature and CO, concentration

reduced the maximum LAI, biomass and grain yield of rice.

Lal et al., (1998) predicted rice and wheat yields for various climate change scenarios
(increase or decrease of maximum and minimum temperatures, CO; concentrations, and
various water management levels) for Delhi, Hissar, and Ludhiana. Greater yields of both
crops (15 and 28%, respectively) were predicted for doubling of CO; levels, but this was
nearly cancelled out by 3°C and 2°C temperature rises during the wheat and rice seasons,
respectively. While wheat yield was decreased by an increase maximum temperature, rice
was affected by an increase in minimum temperature. With increasing CO, and
maximum and minimum temperatures, wheat yields would increase by 21% while rice

yields would increase by 4%.
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Chapter 3
ASSESSMENT OF CLIMATE CHANGE TRENDS IN BANGLADESH

3.1 INTRODUCTION

The causes of climate change and variability and its impacts have been one of the most
discussed agendas all over the world for the last couple of decades. The main factors
behind the climate change can be classified into two broad categories as natural and
anthropogenic factors. Natural factors are mainly greenhouse gases, plate tectonics, solar
variation, orbital variation, volcanic activities, etc. Anthropogenic factors include burning
of fossil fuel, aerosols, land use, irrigation, deforestation, agriculture, etc. Observational
evidences demonstrate that composition of global atmosphere is changing [e.g.,
increasing atmospheric concentration of green house gases such as C02 and methane
(CHay as is the earth climate (e.g., temperature, precipitation, sea level, sea ice and in
some regions extreme events including heat waves, heavy precipitation events and
droughts). The world community faces many risks from climate change. Clearly, it is
important to understand the nature of those risks, where natural and human systems are

likely to be most vulnerable, and what may be achieved by adaptive responses.

According to IPCC, TAR, 200 I, Southeast Asia is a highly vulnerable region regarding
impacts of climate change on key sectors as food and fiber, biodiversity, water resources,
coastal ecosystems, human health, settlement, etc. For a sea level rise of 45 cm only,
Bangladesh will face a potential land loss of 15,668 km2 (10.9%) and population
exposure of 55 million (5%). Sea-level rise will affect mangrove ecosystems by
eliminating their present habitats, loss of plant species, wild life, increase in salinity and
creating new tidally inundated areas to which some mangrove species may shift. With a
I-m rise in sea level, the Sundarbans (the largest mangrove ecosystems) of Bangladesh
will completely disappear. For the sea level rise of 45 cm or more, the extent of

inundation MM increase about 23-29% which will result in change in flood depth
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category and change in monsoon rice cropping pattern and reduction in rice yield. So the

vulnerability is obvious.

Bangladesh is a part of humid tropics with Himalayas in the North and funnel shaped 710
km long coast touching the Bay of Bengal in the South. This peculiar geography of
Bangladesh has to experience severe flood, monsoon, tornado, drought and catastrophic
cyclones associated with severe storm surge. All these disasters are temperature related
phenomena. Southwest monsoon is predominant here but there is a large variation of
rainfall over different parts of the country. Climatologically, Northwestern part gets the
least rainfall (1600-2000mmlyear) and Northeastern and Southeastern region receive the
maximum rainfall (2500-4000 mm/year) due to orographic and hill structures (Debsarma,

2003).

The IPPC (200 1) projected certain climate change events during the 21" century with
significant confidence, which included higher maximum temperature and more hot days,
higher minimum temperature and fewer cold days, increased heat index and more intense
precipitation events. A number of studies have been carried out on trends of change in
climate parameters in the context of Bangladesh (Chowdhury and Debsarma, 1992;
Warrick et al., 1994; Karmakar and Nessa, 1997; Karmakar and Shrestha, 2000; World
Bank, 2000; Mia, 2003; Debsarma, 2003; Karmakar, 2003). Warrick et al., (1994),
Karmakar and Shrestha (2000) and Debsarma (2003) provided assessment of changes in
temperature and precipitation over Bangladesh, while Chowdhury and Debsarma (1992)
and Mia (2003) reported changes in temperature based on analysis of historical data of
some selected weather stations in Bangladesh. Karmakar and Nessa (1997) and Karmakar
(2003) provided assessment of the effects of climate change on natural disasters. The
present study provides an assessment of climate change and variability in Bangladesh
based on analysis of historical data of temperature and rainfall recorded at 34
meteorological stations in Bangladesh. In particular assessments have been made of
changes in maximum temperature, changes in minimum temperature, variations 111

number of hot days and cold days, and changes in precipitation pattern.
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3.2 METHODOLOGY

In this study, different aspects of climate change in Bangladesh have been assessed

through analysis of historical data on temperature and precipitation.

assess the phenomena that are likely to be observed as a result of climate change.

Efforts were made to

Table 3.1 Possible changes in climate
Confidence in observed change

hnd their confidence level (IPCC, 200 I)

Changes in Phenomena

| (latter nait or the 20™ century) |

Higher maximum temperature and more hot

Likely

days nearly all land areas
Higher minimum temperatures, fewer cold

\ery likely
7 7

dave and frast davie avar naarbv all land araag
GaySaRaHOSHEaYS- BV e ReaHyaHtahaaleas

Likely, over many areas
Likely, over many Northern Hemisphere mid |

Increase of heat Index over land areas
More intense precipitation events

10 high Tatitude fand areas |
| Likely, in few areas | Increased summer continental drying and |

assoclated risk ot drougnt

Climate change phenomena that could be assessed directly from precipitation and

temperature data are presented in Table 3.1. In this study, efforts have been made to

assess these changes through analysis of climatic data on precipitation and temperature.
This Chapter describes the nature of data collected from the Bangladesh Meteorological
Department (BMD), the methodology followed in the analysis of the data and results of

the analysis.

3.2.1 Data Collection and Data range

Data on temperature and rainfall were collected from the Bangladesh Meteorological

Department (BMD). There are a total of 34 meteorological stations all over Bangladesh.

These 34 meteorological stations located at different representative regions and agro-

ecological zones of Bangladesh were selected for study. These stations were namely:

Rajshahi, Bogra, Dinajpur, Ishurdi, Rangpur, Sayedpur, Dhaka, Mymensingh, Tangail,

Faridpur, Bhola, Patuakhali,

lessore, Chudanga, Satkhira, Khulna, Barisal, Madaripur,
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Khepupara, Chandpur, Comilla, Feni, Hatiya, Cox's Bazar, Chittagong, Kutubdia,
Rangamati, Sandwip, Sitakunda, Teknaf, Majdu.Court, Mongla, Srimangal and Sylhet.
Temperature data collected from BMD include daily, monthly average temperature and
annual mean maximum and minimum temperature for the period 1948 to 2005 for 34
meteorological stations all over Bangladesh. Rainfall data include daily, monthly,
seasonal and annual rainfall total at 34 stations for the period January 1948 through
December 2005. Some previous studies used data range of 1948-2005; however, data for
the period 1976-2005 have been used in the analysis because data for the period 1948-

1975 are not considered reliable.

The average daily temperature data have been used for the trend analysis of hot and cold
days. From monthly rainfall data, seasonal mean values have been computed for two
seasons e.g., pre-monsoon (March-May) and winter (December-February). For the
computation of mean rainfall values for the winter season, the data of December of one
year and those of January and February of the following year were used. It should be
noted that there are some missing data for some months at some stations, which have
been excluded in the trend analysis. For calculation of yearly and monthly average
maximum and minimum temperature, 4 stations (Chudanga, Mongla, Sayedpur and

Tangail) temperature data could not be considered on account of limited data.

3.2.2 Higher Maximum Temperature and Hot Days

Monthly-average maximum temperature data for the period of 1976 to 2005 have been
used to assess the possible changes in higher maximum temperature in dry season
(December-May) in Bangladesh. These data were used to assess trend in yearly-average
maximum temperature (calculated from monthly average values) as well as trends in
monthly-average maximum temperature. These trends were assessed for each of the 34
stations. For assessment of trend, maximum temperature data for the period 1976-2005.
were plotted and a linear trend line was then passed through the data. The nature

(increasing or decreasing) and significance of trend was estimated from the R? value of
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the fit. To analyze the trend for hot days, the 85th Percentile average daily temperature
for the period 1976-2005 has been taken as the cut-ofr point between regular and "hot"
days. This value was found to be 29.3 DC and the days exceeding this temperature were
taken as "hot" days. Number of hot days was then calculated for each year for the period

1976-2005, and the nature and significance of the trend of hot days was estimated.

3.2.3 Higher Minimum Temperatures and Cold Days

Monthly average minimum temperature data from the period of 1976 to 2005 have been
used to assess the possible changes higher minimum temperature in dry season
(December-May). From the monthly average, the yearly average temperature has been
computed. Trends of yearly-average minimum temperature as well as trends in monthly-

average minimum temperature were assessed.

To analyze the trend for cold days, the 15th Percentile average daily temperature for the
period 1976-2005 has been taken as the cut-off point between regular and "cold" days.
This value was found to be 20.10 °C and the days having temperature below this value
were taken as "cold days" days. Number of cold days was then calculated for each year
for the period 1976-2005, and the nature and significance of the trend of cold days was

estimated.

3.2.4 Change in Precipitation Pattern

Analysis of "intense precipitation events" could not be made from the available data on
precipitation. However, possible changes in precipitation pattern have been evaluated by
assessing the changes in total yearly rainfall. The total rainfall trend for the two seasons,
i.e., pre-monsoon (March-May) and winter (December-February) have been analyzed on

a yearly basis for the period 1976 to 2005.
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3.3 RESULTS AND DISCUSSION

In this study, possible climate change scenario in Bangladesh has been assessed through
analysis of trends of different climate change phenomena: (a) Higher maximum
temperature and hot days, (b) Higher minimum temperatures and cold days and (c)
Change of precipitation events. These trends have been analyzed using precipitation and
temperature data of 34 meteorological stations located all over Bangladesh for the period

1976-2005.
3.3.1 Higher Maximum Temperature and Hot Days

One of the important indications of climate change is the occurrence of higher maximum
temperature, which is likely to be experienced over all land areas. In the study, efforts
were made to assess if there is any trend in higher maximum temperatures in Bangladesh.
For this purposes, trend analysis was carried out for yearly-averaged and monthly-

averaged maximum temperatures in dry-season (December-May).
3.3.1.1 Trend of Yearly Average Maximum Temperature

The trend of variation of yearly average maximum temperature was analyzed graphically
and the equations of the trend lines for each of the 34 stations are presented in Table 3.2
along with the correlation coefficients and nature of significance. The yearly average
maximum temperature at Barisal (Fig. 3.1), Chittagong (Fig 3.2), Comilia, Cox's Bazar,
Faridpur, Jessore, Khepupara, Khulna, Kutubdia, Mongla, Patuakhali, Rangamati,
Sitakunda and Sylhet show increasing trend during the period of 1976-2005 with R?
value above 0.215. In 14 stations, the maximum temperature has a very significant
increasing trend at a significance level of 99% or above 99%. Temperature at M.Court
has shown a sharp increasing trend with R*=0.165. The value of R® during the period is
significant at 95% level. Temperatures at Bhola, Chandpur, Dhaka, Dinajpur, Hatiya,
Madaripur, Rajshahi, Rangpur, Sayedpur, Srimangal, Tangail, Teknaf and Ishurdi have
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Figure 3.1 Variation of Annual Average Maximum Temperature at Barisal
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Figure 3.2: Variation of Annual Average Maximum Temperature at Chittagong
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Table 3.2:

Regression

equation and correlation

coefficient

of average yearly maximum

temperature  for different | stations for the Denodl 1976-2005

Station Trend |ine Equation Value of Correlation Significant!! nsign ificant
coefficient (r)

Rarsial Y-0021 IX-| 15 0.49214 99% significant
Rhala Y-0.0106X+9.1524 0.27695 Below 90% significant
Ragra Y --0 0063X+43.19 -0.13856 Below _00% significant
Chandour Y-00097X+10 997 0.24678 Below 90% significant
Chittagong Y:0.044X-57.21 0.78645 99.9% significant
Chuadanga Y:-00081X+47.693 -0.1 Below 90% significant
Camilla Y:0,0229X-15.473 0.50398 99% significant
Co.'s Bazar Y:0.064X-97.562 0.8708 99.9% _significant
Dhaka Y-0.0119X+7.0274 0.19209 Below 90% significant
Dinaiour Y-00 162X-24519 0.29597 Below 90% significant
Faridour Y-0.021 1X-1 1.56 0.46379 99% si,gnificant
Eenj Y--0.0038X+37.809 -0.09798 Below 90% significant
Hativa Y-0.0104X+8.8462 0.29325 Below 90% significant
Ishurdi Y:0.0112X+8.5616 0.20881 Below 90% significant
lessore Y:0.0256X-19.492 0.59615 99% si,gnificant
Khepupara Y;0.0214X-12.351 0.49101 99% significant
Khulna Y:0.0256X-19.879 0.49528 99% significant
Kutubdia Y:0.045 1X-60. 105 0.70121 99.9% significant
M.Court Y;0.0262X-22.163 0.4062 95% significant
Madariour Y;0.0053X+20.205 0.11874 Below 90% significant
Mongla Y-0.0488X-66.503 0.80443 99.9% significant
MVI1lensingh  Y--0.0 129X+55.426 -0.28496 Below 90% significant
Patuakhali Y-0.028X-25.375 0.5748 99.9% significant
Raishahi Y-0.0022X+26.685 0.04898 Below 90% signiticant
Rangamati Y-0.0531X-75.278 0.80685 99.9% significant

|_Rangpur Y-0,021X-12.437 0.34395 90% significant
Sandwip Y;-0.000IX +29.842 -0.00224 Below 90% significant
Satkhira Y;-0.0076X+46.489 -0.12489 Below 90% significant

|_Savednur Y;0.025X-20.143 0.27055 Below 90% significant
Sitakunda Y;0.0571X-83.482 0.79353 99.9% signif-icant
Srimangal Y;0.0049X+20.653 0.08062 Below 90% significant
S"lhet Y;0.0391X-48,082 0.65939 99.9% significant

" Tangail V-0 12X+7.9888 0.16703 Below 0% significant
Teknaf Y-0.0112X+8.5616 0.20881 Below 90% significant

been found to be rising slowly with trend lines having R® values below 0.0871; though

not statically significant at 95% level of significance.  Only for six stations; Bogra,

Chudanga, Feni, Mymensingh, Sandwip and Satkhira, the average maximum temperature

has been found to have a slightly decreasing trend, with trend line having R® values
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below 0.0812, which however are not significant at a level 0f90%. On an average (i.e.,
average of 30 stations) yearly average maximum temperature has been found to be

increasing at a rate of 0.0 193°C per year for the period of 1976-2005.
3.3.1.2 Trend of Monthly Average Maximum Temperature

The trend of variation of monthly average maximum temperature was analyzed for the
months of December-May and the equations of trend line for each of the stations are
presented in Table 3.3 along with correlation coefficients and nature of significance. The
correlation coefficients (r) are calculated from the value of R? using the sign of slope of
the regression equations. Table 3.3 shows the trend variation for December month; the
trends for the remaining 5 months are given in Appendix A (Tables A 3.1, A 3.2, A 3.3,
A 3.4 and A 3.5).

The analysis of average maximum temperature in December has been performed for 34
stations; at 5 stations, Hatiya, Cox's Bazar, Chittagong (Fig. 3.3), Rangamati and
Sitakunda, the records show sharp increasing trend with R® values above 0.4330, which
are significant at 99.9%; at 8 stations (Barisal, Faridpur, Jessore, Khepupara, Kutubdia,
Khulna, Rangpur and Sylhet) the data show significant increasing trend with R’ values
between 0.19589 to 0.26829, which are significant at 99%; at 16 stations, (Bhola, Bogra,
Chand pur, Dhaka, Dinajpur, M.court, Madaripur, Feni, Mymensingh, Patuakhali,
Rajshahi, Sandwip, Sayedpur, Srimangal, Tangail and Ishurdi) the data show a slight
increasing trend with R? values below 0.0677, which are significant at below 90%. Only
2 stations showed a decreasing trend of temperature. The average temperature variation
in December at Chuadanga and Satkhira show a slight decreasing trend with R? values
below 0.01269, which are significant level at a below 90%. On an average, monthly
average maximum temperature for December increased at a rate of 0.0355 °c per year

during the period of 1976-2005.
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Tabhle 33- Dngrnccinn nqllafinn an of average |

temnerature]  for different stations [in December ~month fof the period 1976-2005 [
Station Trend Line Equation | Value of Correlation | sign; ficaut!) nsigni ficant

coefficient  (r)

Barisal Y=0.0422X-57.279 0.51381 99% Significant
Bhola Y=0.0195X-11987 0.23194 Belo\\' 90% Significant
Borrra Y=0.0258X-24.889 0.21424 Below 90% Sirrnificant
Chandnur Y=0.0163X-6.3544 0.19157 Belo\\' 90% Sirrnificant
Chittarronrr Y=0.0762X-124.3 0.67104 99.9% Sirrnificant
Chuadanrra Y=-0.0074X+40.949 -0.04472 Below_90% _Sirrnificant
Comilla Y=0.0321X-37.28 0.37363 95% Sirrnificant
Tanrrail Y=0.0416X-57.044 0.24819 Below 90% Sirrnificant
Cox's Bazar Y=0.0796X-130.6 0.74706 99.9% Significant
Dhaka Y=0.0178X-8.9117 0.18 Belo\\' 90% Sil!nificant
Dinaiour Y=0.0315X-37.383 0.23173 Below 90% Sirrnificant
Faridnur Y=0.0456X-65.093 0.45 99% Significant
Feni Y=0.0078X+11.466 0.09695 Below 90% Significant
Svihet Y=0.0552X-83.436 051127 99% Significant
Hativa Y=0.0844X-140.53 0.74404 99.9% Sianificant
Ishurdi Y=0.0104X+5.2701 0.11135 Below 90% Significant
Jessore Y=0.0466X-66.098 0.46629 99% Significant
Khenunara Y=0.0411X-54.989 0.4992 99% Significant
Khulna Y=0.0438X-60.622 0.45265 99% Significant
Kutubdia Y=0.0588X-90.211 0.51797 99% Sirrnificant
M. Court Y=0.0108X+4.7488 0.1109 Below 90% Significant
Madariour Y=0.0077X +11.283 0.08124 Belo\\' 90% Significant
Mongla Y=0.05X-73.274 0.38987 90% Significant
Mymensingh Y=0.0157X-5 .0334 0.14765 Below 90% Significant
Patuakhali Y=0.0234X-19.886 0.2602 Belo\\' 90% Significant
Rmshahi Y=0.0058X+ 14.268 0.06325 Below 90% Significant
Ran.mmati Y=0.0681X-109.16 0.6581 99.9% Significant
_Rang.)ur Y=0.0543X-83.052 0.4426 99% Significant
Shandwio Y=0.0237X-20.723 0.20297 Belo\\' 90% _Significant
Satkhira Y=-0.0112X+49.312 -0.11269 Below 90% Silmificant
Savednur Y=0.0968X- 168.07 0.40522 Belo\\' 90% Significant
| Sitaklinda Y=0.0844X-140.53 0.74404 99.9% Significant
Srimanrral Y=0.0228X-18.767 0.16031 Below 90% Significant
Teknaf Y=0.0252X-22.0 Il 0.33166 90% Significant
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Figure 3.4: Variation of Average Maximum Temperature in January at Bogra
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Figure 3.6: Variation of Average Maximum Temperature in May at Cox's Bazar
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The analysis of average maximum temperature in January has been performed for 34
stations. Among these, 3 stations, Bogra (Fig. 3.4), Chandpur and Satkhira, show R?
values above 0.23809, which are statically significant at 99% level of confidence; 11
stations (Cox's Bazar, Dhaka, Dinajpur, Feni, Hatiya, Ishurdi, Jessore, M.Court,
Mymensingh, Rajshahi and Sitakunda) show R? values between 0.138 1 to 0.1867, which
are statically significant at 95% level of confidence; 15 stations (Barisal, Bhola, Faridpur,
Khepupara, Khulna, Kutubdia, Madaripur, Mongla, Patuakhali, Rangpur, Srimangal,
Sylhet, Sayedpur, Tangail and Teknaf) show R? values below 0.08, which are statically
significant at below 90% level of confidence. It was also observed that among the 34
stations, 25 stations show decreasing trend, while 9 stations show increasing trend in
average maximum temperature in January. On an average maximum temperature
decreased in the month of January at a rate of 0.0233 DCper year for the period of 1976-
2005.

Among 34 stations, the records show a sharper increasing trend of temperature at
February with R®=0.32689 and R?=0.31770 at Chittagong (Fig. 3.5) and Cox's Bazar,
respectively, which are significant at 99.9%; 5 stations (Barisal, Hatiya, Kutubdia,
Khulna, and Rangamati) show significant increasing trend with R’ values between
0.13459 to 0.21729, which are significant at 95%; 19 stations (Bhola, Chandpur,
Chuadanga, Dhaka, Dinajpur, Feni, Ishurid, Jessore, Khepupara, M.Court, Madaripur
Patuakhali, Rajshahi, Rangpur, Sandwip, Satkhira, Sayedpur, Tangail and Teknaf) show
a slight increasing trend with R? values below 0.096, which are significant below at 90%.
The average temperature variation in February at Bogra and Mymensingh show a slight
decreasing trend with R® values 0.15239 and 0.01280, which are significant level 95%
and 90%, respectively. Thus, an average maximum temperature in the month of February

increased at a rate of 0.0394 DCper year for the period 1976-2005.
Monthly average maximum temperature data in March was analyzed for 34 selected

stations in Bangladesh. Among these, the trend is statistically significant at 90 to 99.9 %

confidence level for 6 stations only. Those stations are Mymensingh, Cox's Bazar,
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Sitakunda, Bogra, Teknaf and Chittagong. 17 stations out of 34 show increasing trend
and 17 stations show decreasing trend. Temperature changes in March month is not
significant. It has been found that maximum temperature changes in March are not so

significant for the period of 1976-2005.

Among the 34 stations, the trend of changes in monthly average maximum temperature is
statistically significant at 90 to 99% confidence level for 12 stations. These stations are
Chuadanga, Rangamati, Patuakhali, = M.Court, Kutubdia, Sayedpur, Sitakunda,
Chittagong, Bogra, Teknaf, Mymensingh and Cox's Bazar. 17 stations (Bhola, Comilla,
Rangamati, Patuakhali, Mongla, Chittagong, Barisal, Teknaf, Sitkunda, M.Court,
Kutubdia, Chandpur, Sylhet, Faridpur, Dhaka, Cox's Bazar and Khepupara) show
increasing trend and 17 stations (Rangpur, Chunadanga, Bogra, Sandwip, Madaripur,
Jessore, Feni, Srimangal, Satkhira, Rajshahi, Mymensingh, Khulna, Ishurdi, Hatiya,
Dinajpur, Tangail and Sayedpur) show decreasing trend. On an average, monthly average
maximum temperature in April increased at a rate of 0.0325°C per year for the period

1976-2005.

(n May, the monthly average maximum temperature has a very sharp increasing trend at
Cox's Bazar (Fig. 3.6) with R?=0.40998 and Patuakhali R%=0.25419, which are highly
significant even at 99.9"10 level of significane. Jessore, Madaripur, Khulna, Sitakunda,
and Chittagong stations show R’ values between 0. 12869 to 0.17010 which are statically
significant at 95% level of confidence. Chandpur, Feni, Ishurdi, Bhola, Dhaka, Hatiya,
Chuadanga, M.Court, Mymensingh, Rajshahi, Shandwip, Sayedpur, Sylhet, Tangail,
Bogra, Faridpur, Dinajpur, Rangpur, Satkhira, Srimangal and Kutubdia stations show R?
values below 0.08889, which are not significant at 90% level. Among the 34 stations, 32
stations show increasing trend, while 2 stations show decreasing trend in average
maximum temperature for May month. Maximum temperature increases in the month of

May at rate of 0.0284° C per year for the period 1976-2005.
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3.3.1.3 Trend of Annual Hot Days

Total number of days with the average temperature equal to or greater than 29.3°C in a
year is calculated at 32 different stations to asses one of the important climate change
phenomena - occurrence of more hot days. The trend of variation in the number of
annual hot days was analyzed graphically and the equations of the trend lines for each of
32 stations are presented in Table 3.4 along with the correlations coefficients. Figure 3.7
shows the trend of variation of number of hot days for one selected station (Dhaka). It
was observed that among the 32 stations, 18 shows increasing trend, while 14 shows
decreasing trend. Among the 18 stations showing increasing trend, the trend is statically
significant at either 99% or 95% confidence level for 5 stations. Among the 14 stations
showing decreasing trend, the trend is significant at 99% or 95% confidence level for also

5 stations.

Number of annual hot days in Chittagong (Fig 3.8) and Dhaka shows an increasing trend
with coefficient of determination R°=0.299 and R’=0.1884, which are statically
significant at 99% and 99.9% level of confidence, respectively. The trend lines in Cox's
Bazar, Khulna and Rajshahi show that the numbers of hot days at these places are rising
sharply; the R? values of the trend lines for these three stations are 0.1187, 0.14120 and
0.1210, all of which are statically significant at 95% significance. Hot days in Barisal,
Bhola, Bogra, Chandpur, Feni, Hatiya, Jessore, Khepupara, Kutubdia, Sayedpur, Sylhet
and M.Court have been found to be rising slowly with trend lines having R? values below
0.1200; through not statically significant at 95% level of significance. The annual number
of hot days at Mymensingh, Dinajpur and Teknaf has a sharp decreasing trend having R?2
values are 0.237, 0.256 and 0.293, respectively; significant at a level 0f99%. At Comilla,
Faridpur, Madaripur, Mongla, Patuakhali, Rangamati, Srimangal, Tangail and Rangpur
with R” values below 0.0523, the total number of annual hot days have slight decreasing
trend (not statically significant). Decreasing trend line at Satkhira and Sitakunda with

R?=0.117 and R2=O.178, respectively are significant at a level 0f95%.
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Tahle 3 4: Dngrnceinn nqlmfinn and correlation  coefficient —of annual hot rlnyc for different
statlons 1oy the pendYol / -20U [
Station Trend Line Egnation | Value of Correlation | Signi ficantil nsignific ant
coefficient  (r)
Barisal Y=0.4498X-842.11 0.28249 Below _90% significant
|_Bhola Y-0.2991X-555.64 022159 Below 90% si<mifjeant
Bogra Y-0.5329X-998.65 0.29866 Below 90% significant
|_Chandour Y-0.6908X-1317.8 0.34957 90%_significant
Chittagong Y-1.1345X-2217.6 0.54681 99.9% significant
Comilla Y=-0.0586X +152.82 -0.04243 Below 90% sianificant
Cox's Bazar Y=0.5522X-1068.4 0.34452 95% significant
Dhaka Y=1.0837X-2084.6 0.43405 99% si"nificant
Dinainlir Y=-1.3309X+2719.7 -0.50606 99% _significant
Faridnur Y=-0.0961X+222.11 -0.034641 Below 90% si"nifieant
Feni Y=0.13X-222.83 0.10583 Below 90% si"nificant
Hativa Y=0.2052X-372.43 0.11783 Below 90% significant
Ishurdi Y=0.6227X-1174.5 0.32741 Below 90% si"nificant
Jessore Y-0.3953X-704.1 0.23065 Below 90% si"nificant
Kheouoara Y-0.1143X-160.29 0.065574 Below 90% significant
KJIUIna Y-0.9291X-1765.3 0.37577 95% significant
Kutubdia Y-0.8481X-1660.9 0.32093 Below 90% siJ'nificant
M. Court Y-0.5702X-1072.5 0.20199 Below_90% _siJ'nifieant
Madariour Y-0.7495X+1583.9 -0.16852 Below 90% siJ'nificant
Mongla Y --0.4066X+894.81 -0.120416 Below 90% significant
Mvmcnsingh Y=-1.6222X+3285.6 -0.48672 99% significant
Patllakhali Y=-0.1842X+43 1.42 -0.08246 Bclow 90% significant
Raishahi Y=0.6414X-1203.2 0.34785 95% si"nificant
Ran"amati Y=-0.1399X+309.68 -0.07071 Below _90% si"nificant
Ran"nur Y=-0.2473X+54 1.28 -0.15362 Below 90% si"nificant
Satkhira Y=-1.0409X+2178.6 -0.34249 95% si"nificant
Savednur Y=1.7X-3352 0.31827 Below 90% si"nificant
Sitakunda Y=-1.2898X+2609.8 -0.422611 95% significant
Srimangal Y=-0.3904X+807.83 -0.13191 Below 90% significant
Svlhet Y=0.2419X-457.95 0.27 Below 90% si"nificant
Tan'ail Y=-0.8153X + 1682.8 -0.22869 Below 90% significant
Teknaf Y--1.4294X +2886.8 -0.54157 99% significant
3.3.2 Higher Minimum  Temperatures and Cold Days
Another important indication of climate change is the occurrence of higher minimum
temperature, which is likely to be experienced over all land areas, particularly at northern
high latitudes during the cold season. Thus, efforts were made to assess if there is any
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trend in the higher minimum temperatures in Bangladesh. For this purpose, trend analysis
was carried out for yearly-averaged and monthly-averaged (for dry-season) minimum

temperatures.
3,3.2.1 Trend of Yearly Average Minimum Temperature

The trend of variation of yearly average minimum temperature was analyzed graphically
and the equations of the trend lines for each of the 34 stations are presented in Table 3.4
along with the correlation coefficients. The correlation coefficients (r) are calculated from

the value of R? using the sign of slope of the regression equations for each station.

From Table 3.5, it was observed that 27 out of 34 show an increasing trend of minimum
temperature, which is consistent with the predictions made by IPCe. In Bhola (Fig. 3.9),
Chandpur (Fig. 3.10), Chittagong, Cox's Bazar, Dhaka, Dinajpur, Ishurdi, M.Court,
Madaripur and Teknaf, the average minimum temperatures have a sharp increasing trend
with R? values above 0.1956 for the period 1976-2005 which are highly significant even
at 99% or above 99% level of significance. The minimum temperature at Barisal,
Churadanga, Patuakhali and Rangpur has shown an increasing trend with R’ values
0.130, 0.266, 0.173 and 0.168, respectively. The values of R during the period are
significant at 95% level. The annual average minimum temperatures have a slight
increasing trend at Comilla, Faridpur, Feni, Jessore, Khepupara, Khulha, Kutubdia,
Mongla, Mymensingh, Rajshahi, Sayed pur, Sylhet and Bogra, which not significant even
at 95% level of significance. Only for Rangamati, the average minimum temperature has
been found to have a sharp decreasing trend, with the trend line having R?= 0.4106,
which is significant at a level of 99.9%. The trends of average minimum temperatures in
Sandwip, Srimongal, Tangail and Satkhira show that average minimum temperature at
these places are decreasing slowly; the R? values of the trend lines for these stations are
below 0.10 I, none of which are statically significant even at 95% level of significance.
From the analysis, it is found that on an average minimum temperature increased at a rate

of 0.01519°C per year for the period 1976-2005.
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Figure 3.9: Variation of Annual Average Minimum Temperature at Bhola
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Figure 3.10: Variation of Annual Average Minimum Temperature at Chandpur
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Table—3-5—Regression—eguatior—and—eprrelation—ecoefficient—of—average—yeary—mintum
temperature  tbr dfftefent statlons w1 perlOd 276 -2009
Station Trend Line Equation | Value of Correlation  Signi ficantil nsign ificant
coefficient  (r)
Barisal Y=0.013X-1.802 0.36166 95% _Significallt
Bhola Y~0.0213X-20.864 0.54845 99.9% Significant
Bo''ra Y=0.002X+ 17.016 0.03605 Bclow 90% Significallt
Chandnur Y=0.0464X-70.756 0.60902 99.9% Significant
Chittanonn Y=0.032X-12.139 0.59523 99.9% Significant
Chuadamm Y=(UI338X-16.657 0.51536 95% Significallt
Camilla Y=0.(X14X+ 12.954 0.0098 Below 90% Significant
Tannail Y=-0.0312X+83.226 -0.31875 Below 90% Sinnificant
Cox's Bazar Y=0.033X-13.69 0.65238 99.9% Significant
Dhaka Y~0.0195X-17.171 0.44227 99% Significant
Dinaio'ur Y~0.0629X-105. 71 0.58703 99.9% Significant
Faridour Y=0.0178X-14.124 0.330757 90%_Silmificant
Feni Y=0.0103X+0.5186 0.22517 Below 90% _Significant
Svlhet Y~0.0419X-63.254 0.31177 90%_Significant
Hativa Y--Q.022X+65.857 -0.40877 95% _Significant
Ishurdi Y=0.0345X-48.359 0.59674 99.9% _Significant
Jessore Y=0.tI074X+6.1211 0.20099 Below 90% Significant
Khenunara Y=0.0024X+ 17.398 0.03742 Below 90% Significant
Khulna Y=0.1X)57X+10.312 0.10099 Below 90% Significant
Kutubdia Y=0.0142X-6.079 0.195704 Below 90% Significant
M. Court Y~0.0521X-81.922 0.663625 99.9% Significant
Madarinllr Y=00552X-88.719 0.71316 99.9% Significant
Monnla Y=0.01X+2.3674 0.25807 Below 90% _Significant
Mvmensinllh Y~0.02X-19.037 0.23537 90% Significant
Patuakhali Y~0.0334X-14. 734 0.41641 95% Sinnificallt
Raishahi Y=0.0038X+12.953 0.074162 Below 90% _Si.gnificant
Ranlmmati Y=-Q.0616X+143.84 -0.64078 99.9% _Sillnificant
Rangollr Y=0.0284X-36.551 0.40988 95% Significant
Shand"To Y=-().0122X +46.396 -0.18055 Below 90% Significant
Satkhira Y~-0.0007X+22.836 -0.01414 Below 90% Significant
Savedour Y=0.0345X-18,45 0.40804 Below 90% Sillnifieant
Sitaklinda Y=-0.0239X+68.672 -0.41617 95% _Significant
Sriman"al Y--Q.011X+41.419 -0.18166 Below 90% Significant
Teknaf Y=0.026X-29.725 0.53675 99.9% Significant
3.3.22 Trend of Monthly Average Minimnm  Temperature
The trend of variation of monthly average mllllmum temperature was analyzed
graphically for 34 selected stations for the month of December-May  (dry season) and the
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equations of the trend lines for each of the stations are presented in Table 3.6 along with
the correlation coefficients for only December are given in Table 3.6; others are

presented in Appendix A (Tables A 3.6, A 3.7, A 3.8, A 3.9 and A 3.10).

In December among 34 stations, 2 stations Sylhet (Fig 3.11), and M.Court show sharp
increasing trend of minimum temperature with R’ values are 0.397 and 0.324,
respectively, which are significant at 99.9%; 4 stations (Rangpur, Dhaka, Chandpur, and
Madaripur) show significant increasing trend with R® value between 0.2048 to 0.2787,
which are significant at 99%; 10 stations (Rajshahi, Mymensingh, Comilla, Jessore,
Faridpur, Khulna, Sandwip, Chittagong, Kutubdia, and Tangail) show a slight increasing
trend with R? values below 0.0767, which are significant below at 90%. The average
minimum temperature variation in December at 8 stations (Srimangal, Satkhira, Hatiya,
Sitakunda, Teknaf, Rangamati, Patuakhali, and Khepupara) show decreasing trend, which
are significant at level below 90 to 99.9% level of confidence. Table 3.6 show that among
the 34 stations, 26 stations show increasing trend, while 8 stations show decreasing trend
in average minimum temperature in December. Average minimum temperature increased

in the month of December at a rate 0f0.0191°C per year for the period 1976-2005.

Among the 34 stations, the trend of monthly average minimum temperature in January
was found to be statistically significant at 90 to 99% confidence level for 14 stations.
These stations are Rajshahi (Fig 3.12), Sylhet, Dhaka, Chand pur, Madaripur, Khulna,
Satkhira, M.Court, Hatiya, Sitakunda, Cox'x Bazar, Rangamati, Kutubdia and
Khepupara. Sixteen stations (Bhola, Mongla, Chittagong, Barisal, Dinajpur, Rangpur,
Sylhet, Srimangaol, Dhaka, Chandpur, Madaripur, M.court, Kutubdia, Cox's Bazar,
Sayedpur, and Chudanga) show increasing trend and 18 stations (Rajshahi, Mymensingh,
Bogra, Ishurdi, Comilla, Jessore, Faridpur, Khulna, Satkhira Feni, Hatiya, Sitakunda,
Sandwip, Teknaf, Rangmati, Patuakhali, Khepupara and Tangail) show decreasing trend.
Average minimum temperature decreased in the month of January at a rate of 0.0073° C

per year for the period of 1976-2005.
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Table 3.6: Regression equation and correlation _coefficient |of average minimum
temperatlire  for different statiofs in December for the [eriod 1976-2005
e e Trend line Value of correlation | .. . L .
SLaAtivull eouation CO-efﬁCient ( r ) Syt artitarrsigrrmiatit
Barisal Y-0.0344X-55.028 0.32403 90% significant
Bhola Y -0.0289X-43.357 0.32878 90% si"nificant
Bogra Y-0.0335X-53.0 17 0.37175 95% sillllificant
|_Chandour Y-0.0646X-113.39 0.50517 99% si"nificant
Chittagong Y-0.0296X-43.288 0.27694 Below 90% si"nificant
Chuadanga Y=0.0877X-162.57 0.54175 95% si"nificant
Comilla Y=0.0152X-16.917 0.11489 Below 90% si"nificant
Cox's Bazar Y=0.0463X-75.324 0.41121 95% significant
Dhaka Y=0.071X-126.87 0.51097 99% silllificant
Dinaiour Y=0.0516X-90.821 0.40509 95% significant
Faridour Y=0.0247X-35.129 0.21656 Below 90% significant
Feni Y=0.0213X-28.022 0.02615 Below 90% significant
Hativa Y=-0.0479X+ 111.43 -0.44844 95% significant
Ishnrdi Y=0.0444X-76.08 0.35749 95% significant
Jcssore Y=0.0129X-12.941 0.1044 Below 90% significant
Khcouoara Y=-0.0128X+40.76l -0.16733 Below 90% significant
Khulna Y=0.0062X +1.7428 0.0469 Below 90% significant
Kntnbdia Y-0.0256X-34.393 0.16462 Below 90% significant
M. Conrt Y-0.0878X-159.18 0.56964 99.99% _significant
Madariour Y-0.0676X-120.8 0.52792 99% si"nificant
Mongla Y-0.0586X-1 01.31 0.49578 95% significant
Mvmensingh Y-0.0258X-38.068 0.20904 Below 90% significant
Patnakhali y=-0.0 146X+44.19 -0.15937 Below 90% si"nificant
Raishahi Y=0.0145X-16.084 0.11575 Below 90% si"nificant
Rangamati Y=-0.1076X+229.96 -0.66272 99.99% _significant
Rangpur Y=0.0481X-82.82 0.45265 99% significant
Sandw;p Y=0.0047X +6.5241 0.03464 Below 90% si"nificant
Satkhira Y=-0.0129X+38.996 -0.10908 Below 90% si"nificant
Savedour Y=0.1018X-190.61 0.47423 95% significant
Sitakunda Y=-0.0343X+82.246 -0.30248 90% significant
Srimongal Y=-0.0149X+41.617 -0.08062 Below 90% significant
Svlhct Y=00695X-124.11 0.63039 99.99% significant
Tanga;1 Y=0.0161X-18.779 0.1077 Bclow 90% signif-icant
Teknaf Y--0.0113X+39.596 -0.09539 Below 90% significant
The analysis of average minimum temperature in February has been performed for 34
stations. Among 34 stations, 5 stations, (Ishurdi, Dhaka, Madaripur, Rangamati and
Cox's Bazar) show R’ values above 0.27839, which are statically significant at 99.9%
level of confidence; 6 stations (Dinajpur, Rangpur, Chanpur, Faridpur, Barisal and




Sayedpur) show R? values between 0.12000 to 0.25589, which are statically significant
at 95% level of confidence; 18 stations (Rajshahi, Srimangal, Comilla, Jessore, Khulna,
Satkhira, Bhola, Feni, Hatiya, Sitakunda, Sandwip, Kutubdia, Teknaf, Patuakhali,
Khepupara, Tangail, Mongla, and Chuadanga) show R? values below 0.084, which are
statically significant at below 90% level of confidence. Thus, among the 34 stations, 29
show increasing trend, while 5 show decreasing trend in average minimum temperature
in February. On an average, monthly average minimum temperature increased in the

month of February at a rate of 0.0403° C per year for the period 1976-2005.

In March, the trend of monthly average minimum temperature was found to be level
statistically significant at 90 to 99.9"10 confidence level for 9 stations only. These stations
are Dinajpur (Fig. 3.13), Rangpur, Bogra, Mymensingh, Ishurdi, M.Court, Hatiya, Cox's
Bazar and Rangamati. Among these stations, Dinajpur, Rangpur, Bogra, Mymensingh
and Cox's Bazar show increasing trend with R? values above 0.1797, which are
significant at a level of 99%. Two stations, Ishurdi (R?=0.111) and M.Court (R*=0.164)
show a slightly increasing trend, with trend line significant at 0f95% level of confidence.
Significant decreasing trend at Rangamati (R?*=0.232) and Hatiya (R?*=0.1564) was
observed, which are significant at a level of 99% and 95%, respectively. Twenty four
stations (Dinajpur, Rangpur, Rajshahi, Bogra, Mymensingh, Sylhet, Ishurdi, Dhaka,
Chandpur, Faridpur, Madaripur, Barisal, Bhola, M.Court, Sandwip, Chittagong, Cox's
Bazar, Teknaf, Patuakhali, Khepupara, Sayedpur, Tangail, Mongla and Chuadanga) out
of 34 show increasing trend and |0 stations (Srimangal, Comilla, Jessore, Khulna,
Satkhira, Feni, Hatiya, Sitakunda, Kutubdia, and Rangamati) show decreasing trend. On
an average, monthly average minimum temperature increased at a rate of 0.0167 °C per

year for the period 1976-2005.

In April, the trend in the statistically significant at 90 to 95% confidence level for 6
stations only. These stations are Dinajpur, Ishurdi, Chand pur, Madaripur, Chittagong and
Cox,s Bazar. Dinajpur, Chandpur, Madaripur and Chittagong show increasing trend

having R® values above 0.1507, the trends are significant at a level of 95%. At Ishurdi
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with R?=0.1092 and Cox's Bazar with R?=0.0954 which are low significant at 90% level
of significance. Twenty eight stations (Dinajpur, Rangpur, Rajshahi, Bogra,
Mymensingh, Sylhet, Khulna, Srimangal, Ishurdi, Dhaka, Chandpur, Jessore, Faridpur,
Madaripur, Barisal, Bhola, M.Court, Sandwip, Chittagong, Cox's Bazar, Teknaf,
Patuakhali, Khepupara, Sayedpur, Tangail, Mongla, Chuadanga and Kutubdia) show
increasing trend and 6 stations (Comilla, Satkhira, Feni, Hatiya, Sitakunda, and
Rangamati) show decreasing trend (see Appendix A) shows that among the 34 stations,
28 shows increasing trend, while 6 shows decreasing trend in average minimum
temperature in April month. On an average, monthly average minimum temperature

increased in the month of April at rate 0fO.02320C per year for the period 1976-2005.

For May, 29 stations (Dinajpur, Rangpur, Rajshahi, Bogra, Mymensingh, Sylhet, Khulna,
Srimangal, Ishurdi, Dhaka, Chandpur, Jessore, Comilla, Faridpur, Madaripur, Barisal,
Bhola, M.Court, Chittagong, Cox's Bazar, Teknaf, Patuakhali, Satkhira, Khepupara,
Feni, Tangail, Mongla and Kutubdia) out of 34 show increasing trend and 5 (Hatiya,
Sandwip, Rangamati, Sayedpur and Chuadanga) show decreasing trend. In Madaripur
(Fig. 3.14), the data show a very sharp increasing trend with R?=0.36529 at 99.9% level
of significance. Chandpur and Faridpur show increasing trend with R® values of 0.19729
and 0.17739, respectively, which are significant at level of 99%; Dinajpur, Rajshahi,
Sylhet, Ishurdi, Jessore, Bhola, M.Court Chittagong and Bogra also show significant
increasing trend with R® value between 0.11989 to 0.19048, which are significant at 95%
level of significance. For the rest of the stations, R? values are below 0.0724, which are
significant level at below 90%. On an average, monthly average minimum temperature

increased in the month of May at rate of 0.02771 °c per year for the period 1976-2005.
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Figure 3.11: Variation of Average Minimum Temperature in December at Sylhet
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Figure 3.12: Variation of Average Minimum Temperature in January at Rajshahi
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Figure 3.13: Variation of Average Minimum Temperature in March at Dinajpur
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Figure 3.14: Variation of Average Minimum Temperature in May at Madaripur
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3.3.23 Trend of Annual Cold Days

The trend of variation in the number of annual cold days was analyzed graphically and
the equations of the trend lines for each of the 31 stations are presented in Table 3.7 along

with the correlation coefficients.

Table 3.7: Regression equation and correlation coefficient of annual cold days for
L

| | Ufferent statlonis for the peno d w/o;f{u::

Station Trend Line Equation | Value of Correlation | Signilicant/l nsignificant
coefficient  (r)
Barisal Y-0.1926X+441.47 -0.19748 Below 90% Significant
Bhola Y=-0.0717X+ 197.73 -0.07348 Below 90% Significant
Bogra Y=0.3416X-619.31 0.202237 Below 90% Significant
Chandpur Y=-0.3204X +688.18 -0.22649 Bclol\' 90% Significant
Chittagong Y=-0.5192X+ 1063.6 -0.38923 95% Significant
Chuadanga Y=-1.3714X+2815.6 -0.27239 Belol\' 90% Significant
Comilla Y=0.1126X-167.69 0.07416 Belol\' 90% Significant
Tangail Y=0.6976X-1322.9 0.24433 Below 90% Significant
Cox's Bazar Y--0.2458X +508.41 -0.23259 Bclol\' 90% Significant
Dhaka Y--0.3985X+842.54 -0.26589 Below 90% Significant
Dinaiour Y-1.1252X-2167.9 0.479769 99% Significant
Faridour Y--0.2906X+639.31 -0.25099 Belol\' 90% Significant
Feni Y-0.1355X-219.55 0.11576 Belol\' 90% Significant
Svlhet Y--0.432X+923.41 0.24758 Below 90% Significant
Hativa Y-0.5768X-1112.6 0.44091 95% Significant
Ishurdi Y=-0.166X+407.19 -0.15779 Below 90% Significant
Jessore Y=-0.0117X+85.532 -0.01 Below 90% Significant
Khcpupara Y= 1.2025X-2360.5 0.74047 99.9% Significant
Khulna Y=0.2911X-529.08 0.18303 Below 90% Significant
Kutubdia Y=0.0917X-163.25 0.05196 Below 90% Significant
M. Court Y=0.4731X-904.72 0.26153 Below 90% Significant
Madaripur Y=0.9614X-1871.3 0.40559 95% Significant
Mongla Y=-0.5738X+1181.5 -0.29866 Below 90% Significant
Mvmensingh Y=0.8695X-1675.3 0.38131 95% Significant
Patuakhali Y=1.2025X-2360.5 0.74047 99.9% Significant
Raishahi Y-0.095 IX-I 13.89 0.08 Below 90% Significant
Rangamati Y-0.933X-1809.1 0.52182 99% Significant
Ralll'Dur Y--0.8315X+ 1740.02 -0.46744 99% Significant
Satkhira Y-1.1128X-2170.7 0.49719 99% Significant
Sitakunda Y-1.5758X-3093.8 0.60349 99.9% Significant
Srimangal Y-0.9864X-1891.3 0.43623 99% Significant
Teknaf Y-0.5536X-1094.3 0.60382 99.9% Significant
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Among the 31 stations, 13 showed a decreasing trend of the number of cold days (that is
fewer cold days) for the period 1976-2005 and the remaining 18 stations showed
increasing trend for the number of cold days. The number of cold days are found to be
decreasing sharply at Rangpur with R?=0.2185 (99% level of significance) (Fig. 3.15)
and at Chittagong with R’=0.1515 (95% level of significance) (Fig. 3.16). In Barisal,
Bhola, Chandpur, Dhaka, Faridpur, Ishurdi, lessore, Cox's Bazar, Chuadanga, Mongla
and Sylhet, number of cold days also show a slight decreasing trend. Contrary to the
general climate change predictions, the annual number of cold days at Dinajpur, Teknaf,
Sitakunda, Rangamati, Patuakhali, Khepupara, Srimangal and Satkhira show steep
increasing trend having R? values above 0.1903, which are highly significant even at a
level of 99%. The annual variation of number of cold days at Mymensingh and
Madaripur also have a significant increasing trend with R?*=0.1454 and R°=0.1645
(significant at the level of 95%). The increasing trend obtained for Bogra, Khulna, Feni,

M.Court, Kutubdia and Rajshahi, are statistically not significant.

160
140 y =-0.8315x + 1740.2
R' =0.2185
120
W,
I, 100
C
;é 80
Q
¢ 60
Z
40 -+- No. of Cold Days «-20.1 OC)
-Trend Line Variation of No. of
20 Cold Days
0
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

Figure 3.15: Annual Variation of number of Cold Days at Rangpur
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Figure 3.16: Annual Variation of number of Cold Days at Chittagong

3.3.3 Summary of Change in Annual Temperature

The trend of variation of yearly average maximum temperature was analyzed for each of
the 34 stations and the results are summarized in Table 3.8. Table 3.8 shows that in 28
out of 34 stations, yearly average maximum temperatures show increasing trend. Out of
these 28 stations, the increasing trends in 15 stations are significant at 99% confidence
level; on the other hand, none of the decreasing trends observed for the 6 stations are
statistically significant. Table 3.8 also shows that among the 34 stations, 27 showed
increasing trends in yearly average minimum temperature; increasing trends in 14
stations are significant at 95% confidence level or higher. Among the 32 stations (for
which data were available), 18 showed increasing trend in number of "hot" days per year;
however, in only 5 stations these trends are significant at 95% confidence level or higher.
On the other hand, 14 stations showed decreasing trend in number of "hot" days. Yearly

number of cold days during 1976-2005 showed increasing trend for 18 out of 31 stations;
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tends in 11 being significant at 95% confidence level or higher. On the other hand,
decreasing trend was observed for 13 stations; however, none except 2 are statistically

significant. Figure 3.17 shows the total change in yearly average temperature for the
period 1976-2005.

mmrmmmmmﬁW|

Climate Change No. of No. of Avemge Increasing Trend Decreasing Trend
Phenomena Slation Station Temp. (No. of Slation) (No. of Station)
(annual) showing showing changes

increasing __ decreasing per year | 95%,  99CXI [ NS  95% | 99% | NS |

Treud trend °C lyear LOS—TOS T TLOSTLOST
Maximum Temperature 28 6 0.0193 I 15 12 0 0 6
Minimum__ Temperature 27 7 0.0152 4 10 13 2 I 4
Hol Davs (32 stations) 18 14 - 3 2 13 2 3 8
Cold Davs (31 Stations) 18 13 - 3 8 7 | | 11

LOS: Level of Significance: NS: Not Significant
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Figure 3.17: Total changes in yearly average temperature in Bangladesh during 1976-
2005
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3.34

Summary of Monthly Average Maximnlll

Dry-Season (December-May)

and Minimnlll

Temperature

in

Table 3.9 shows summary of analysis of monthly average maximum temperature for 34

weather stations. It shows that except for January, March and April, monthly average

maximum temperature shows increasing trend for majority of the meteorological

stations

(Fig. 3.18). Increasing trend was particularly significant for the months of December,

February and May. All but two stations showed

increasing trend for the months of

December, February and May. Only for January, more stations (25 out of 34) showed

decreasing trend for monthly average maximum temperature.

Table 3.9: Summary of change in monthly average maximum temperature during 1976-

2005
Month No. of No. of Total Temp. | Average Incrgasing Tyend Decrgasing Trend
Station Station change (‘'C) Temp. (NoTof Statijon) (NoJ of Station)
showing showing in 30 years changes
increasing decreasing from 1976 per ycar | 95% [ 99% NS | 95—, | 99% NS
trend Frend 102005 Etyear————S LOS_10OsS
January 9 25 -0.700 -0.023 3 0 6 8 3 14
Febmary 32 2 1.182 0.039 5 3 24 1 0 I
March 17 17 0.064 0.002 1 | 15 1 1 15
April 17 17 0.975 0'<)32 7 | 9 2 0 15
May 32 2 0.852 0.028 5 2 25 0 0
December 32 2 1.065 0.D35 | 13 18 0 0

LOS: Level of Significance;

NS: Not Significant

Table 3.10: Summary of change in monthly average minimum temperature during 1976-

200|5

No. of No. of Tolal Temp. | Average Increasing Trend Decreasing Trend
Station Station change ('C) | Temp. (No.|of Statipn) (No| of Statjon)
Month showing showing in 30 years changes
increasing | decreasing from 1976 | per ycar | 95% | 990/0 NS 95010 | 99%) N
frend Trend o 2005 Clyear [ LOS [ LOS ros T tos
January 16 18 -0.218 -0.007 | 3 12 2 4 12
Februarv 29 5 1.210 0.040 6 9 14 0 I 4
March 24 10 0.500 0.016 5 2 17 | ] 8
April 28 6 0.695 0.023 4 0 24 0 0 6
May 29 5 0.831 0.027 9 3 17 0 0 5
December 26 8 0.571 0.019 7 5 14 I 2 5

LOS: Level of Significance;

NS: Not Significant
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Table 3.10 shows summary of analysis of monthly average minimum temperature for 34
weather stations during 1976-2005. Except for January, monthly average minimum
temperature shows increasing trend for majority of the weather stations. The increasing
trend was significant especially for the months of February and April. Calculated (from
trend lines) total change during the 30-year period showed an increase in monthly
average minimum temperature for all months of the year except January. For the 5
months (except January), average (i.e., average of 34 stations) total increase in monthly
average minimum temperature was about 0.76 °C during the 30-year period, while for

January, average decrease was about 0.218 °C during the same period (Fig. 3.19).

3.35 Trend of Dry-season Rainfall

The changes in rainfall pattern are important climate change phenomena, which are likely
to be observed all over the land. In the study, efforts were made to assess if there is any
significant change in trends of dry-season rainfall. For this purposes, trend analyses were
carried out for total rainfall variation for two distinct seasons in Bangladesh Pre-monsoon
(March-May) and Winter (December-February). The variation of dry-season rainfall for
two seasons (Winter and Pre-monsoon) from 1976-2005 at 34 different meteorological
stations in Bangladesh were carried out and trend lines for each station and each season
were determined, along with the coefficient of determination (Rz) of each trend line. The

following sections summarize the findings of the analysis.

3.3.5.1 Total Rainfall Variation in Pre-monsoon (March-May)

The variation of total rainfall during of pre-monsoon (March-May) was analyzed for 34
selected stations in Bangladesh are shown in Table 3.11. Twenty stations (Bogra,
Chittagong, Comilla, Cox's Bazar, Chuadanga, Jessore, Kutubdia, Khepupara, Mongla,
Patuakhali, Rangamati, Rangpur, sayedpur, Srimangal, Tangail, Teknaf, M.Court,
Satkhira, Sitkaunda and Sandwip) out of 34 show increasing trend and 14 stations

(Chandpur, Dhaka, Dinajpur, Ishurdi, Mymensingh, Rajshahi, Sylhet, Barisal, Bhola,
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Faridpur, Feni, Hatiya, Khulna and Madaripur) show decreasing trend. In Sayedpur, the
records show a very sharp increasing trend with R?*=0.63220 at 99.9% level of
significance. Increasing trend was also observed at Chudanga and Kutubdia (Fig 3.20)
with R? values of 0.24129 and 0.20569, respectively, which are significant at level of
95%. Rangamati (R®=0.08940) and Teknaf (R?=0.1166) also show a significant
increasing trend and Bhola (R?=0.11 10) shows, which are significant at 90% level of
significance and the rest of the stations, R? values are below 0.08899 which are

significant level at below at 90%

Total Rainfall y = 12.894x « 25346
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Figure 3.20: Variation of total Rainfall in Pre-monsoon at Kutubdia
3.3.5.2 Total Rainfall Variation in Winter (December-February) in 1976-2005
The variation of total rainfall during winter was analyzed for 34 stations (see Appendix A
3.11). Among the 34 stations, 16 show increasing trend, while 18 show decreasing trend

in total rainfall in winter in Bangladesh. In Tangail, the records show a very sharp

decreasing trend with R*=0.3764 at 99.9% level of significance. Mongla and Sayedpur
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show decreasing
significant
decreasing  trend

significant

0.06789, which are significant

at 90%

trend with R? values are 0.25623 and 0.28536,

and Sitakunda

level of signif

at level of 99%. Jessore (R2:0.10549)

(R?=0.0967)

icance.  For the

level at below at 90%

show

and Chudanga
an
rest 28 stations;

confidence

increasing

ariatinn

respectively,  which are

(R?=0.10169)  have a

trend, which are

R? values are below

level.

Fable—3—H—Regression—eguation—and—eorrelation—eoeHficieprt—for—ariation—of—total—ainfaH
in Pre-monsoon  IhIT@T erent [statlons for the Deno U[1976-2005
Station Trend Line Equation Value of correlation | sjgn: ficant!1 nsign ificant
Coefficient (r)
Barisal Y=-0.275X+932.26 -0.014142 Below _90%_Significant
Bhola Y=-7.525X + 15436 -0.3332 90% _Significant
Bo<>ra Y=0.9206X-1522.2 0.06245 Below 90% Significant
Chandnur Y=-2. 7935X +6040.2 -0.06855 Below 90% Significant
Chitta<>on<> Y=4.269X-8021.6 0.1755 Below 90%_Significant
Chuadan"a Y=10.494X-20727 0.49122 95% Significant
Camilla Y=0.0916X+342.17 0.0007 Below 90% Significant
Tan"ail Y=1.9422X-3423.7 0.07071 Below 90% Significant
Cox's Bazar Y=6.8191X-13121 0.27349 Below 90% Si"nificant
Dhaka Y=-4.034X+8555.1 -0.1808 Below 90% Significant
Dinaiour Y=-2.1252X+4543.5 -0.1044 Below 90% Significant
Faridour Y=-2.8191X+932.26 -0.15779 Below 90% Si"nificant
Feni Y=-1.7181X+4022.9 -0.06 Below 90% Simlificant
Svihct Y=-5.6994X+ 12401 -0.16462 Below 90% Significant
Hativa Y=-1.7922X+4029.2 -0.0728 Below 90% Significant
Ishurdi Y=-2.068X+4413.1 -0.12409 Below 90% Significant
Jessore Y=0.3321X-365.88 0.02236 Below 90% Significant
Khenunara Y=3.3092X-6176.4 0.18708 Below 90% Significant
Khulna Y=-1.3089X+ 2920.2 -0.07416 Below 90% Significant
Kutllbdia Y=12.894X-25346 0.45354 95% Significant
M. Court Y=5.5129X-10430 0.203469 Below 90% Significant
Madarinur Y=-6.6973X+ 13793 -0.29832 Below 90% Significant
MonQla Y=5.978X-11634 0.21932 Below 90% Significant
Mvmensin"h Y=-2.8852X+6269 -0.10677 Below 90% Significant
Patuakhali Y=2.4214X-443 1.1 0.086 Below 90% Significant
Raishahi Y=-1.8354X+ 3874.5 -0.14387 Below 90% SiQnificant
Ranl!amati Y=8.1971X-15802 0.299 90% Significant
Ratl"our Y=2.4681X-4494.4 0.13077 Below 90% Significant
Shandwin Y=1.2049 X-1 851.9 0.03162 Below 90% Significant
Satkhira Y=3.3041X-6294.7 0.236 Below 90% Significant
Savcdour Y=37.02X-73580 0.79511 99.9% Si"nificant
SitaklInda Y=8.1861X-15739 0.22804 Below 90% _Significant
Srimangal Y=7.7222X-14669 0.18894 Below 90% Significant
Teknaf Y=8.1418X-15863 0.34146 90% Significant
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Figure 3.21: Variation of total Rainfall in Winter at Rajshahi
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No. of No. of (No. of $tation) (No. of $tation)
Sc,Isons Station Station 90%  950/0 T 99% | NS | 90%  950/0 T 99% | NS
shOWing showing LOS LOS | LOS | | LOS LOS | LOS |
increasing dcerC<1sin
trcnd Trcnd
Wintcr (Dcc. to Feb.) 16 18 2 1 1 12 0 2 2 14
Prc-monsoon (Mar. to May) 20 14 2 2 1 15 1 0 0 13




Chapter 4

EFFECTS OF CLIMATE CHANGE ON BORO CULTIVATION IN
BANGLADESH

41 INTRODUCTION

Global warming due to increasing concentrations of greenhouse gases poses a threat to
human society by changing the living and working environment to which society has
adapted over many generations. Agricultural impacts of climate change could have
profound consequences in poor and developing countries. Bangladesh, a developing
country in South Asia, is primarily a deltaic floodplain, and elevations in most of the
country do not exceed 10m. Rice in Bangladesh is grown under a diverse set of agro-
environment varying in seasons, temperatures, rainfall, soil types, hydrology, varieties
and input management. It is the staple food for a large majority of population. To meet
the increasing demand of ever growing population, it is necessary to increase rice

production in future.

The floodplains of Bangladesh are one of the regions where the rice plant was first
domesticated around 5th millennium B.C. Bangladesh is also the place where rice
production systems of various eco-seasonal characteristics evolved over centuries of rice
farming experience and have been sustained. Rice is the staple food for the 140 million
Bangladeshis who obtain more than 70% of their total calorie from rice. The per capita
rice consumption in Bangladesh is higher than that in any other country where rice is the
staple. Two-thirds of Bangladesh populations are engaged in livelihood activities related
to rice. Most rice is grown by small-holder farmers who produce rice for family
consumption and for marketing the marginal surplus (Bangladesh Rice Foundation,

2002).

World rice production must increase by 1% annually to meet the growing demand for

food that will result from population growth and economic development. Most of the
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Increase must come from greater vyields on existing cropland to avoid environmental
degradation, destruction of natural ecosystems and loss of biodiversity. Future crop yields
will be influenced by complex interactions between the effects of increases in
atmospheric concentrations of CO, and trace gases such as ozone as well as the effect of

temperature increase brought about by climate change.

Change in global climate would significantly affect human health, natural aquatic and
terrestrial ecosystems, and agricultural ecosystems. World-wide attention recently has
turned to these issues and scientists from many countries are working to assess the
potential magnitude and direction of the changes and the risks to the biota. Of great
immediate concern to policy makers and scientists worldwide, are the potential effects of
the changes on the world's agriculture. Whatever the magnitude of the global climate
change mainly the predicted temperature changes, the pattern of temperature increases
would vary over tropical rice producing areas depending on geographical factors. Rainfall
patterns also would be expected to change depending on changes in temperature, which

could have profound impacts on rice production.

A number of simulation studies have been carried out to assess impacts of climate change
and variability on rice productivity in Bangladesh using the CERES-Rice model (e.g.,
Mahmood et al., 2003; Mahmood, 1998; Karim et al., 1996). These studies mainly
focused on the effects of higher air temperature and atmospheric CO, concentration on
rice yield. It may be noted that weather data requirement for DSSA T model include daily
maximum and minimum air temperatures, daily precipitation and daily solar radiation, all
of which could affect rice yield significantly. Therefore, in this study, future climate
scenarios, including daily maximum and minimum temperatures, precipitation and solar
radiation, for the selected locations of Bangladesh have been generated and used for
predicting yield of boro rice. The yield of two boro varieties (BR3 and BR 14) have been
simulated in the present study for the years 2008 (representing present time), 2030, 2050
and 2070, using DSSAT (Decision Support System for Agrotechnology Transfer, version
4) modeling system. The future climate scenarios have been generated using the climate

model named froviding REgional [limates for Impact S,tudies (PRECIS).
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42 METHODOLOGY

In this study, different aspects of climate change in Bangladesh have been assessed
through analysis of PRECIS-Model data on temperature, precipitation and solar radiation.
Efforts were made to assess the phenomena that are likely to be observed as a result of
climate change. A simulation study was also conducted to assess the vulnerability ofboro
production in Bangladesh to potential climate change. Simulations were made for high
yield varieties of boro rice using the DSSATv4. In the present study, CERES-model has
been used to estimate yield under normal and changed climate scenarios in Bangladesh
for the period of 200S, 2030, 2050 and 2070. The minimum data requirements for
operation, calibration and validation of rice models for irrigated crop (boro) were
collected from various sources for 12 locations in Bangladesh. Those locations were
selected from among the major crop growing areas in six regions in Bangladesh. The

following sections discuss the methodology followed in this study in more details.

421 Selection of Simulation locations

The yield of two bom varieties BR3 and BRI4 for the years 200S, 2030, 2050 and 2070
have been simulated for 12 districts of Bangladesh, which were selected from among the
major rice growing areas in different regions of Bangladesh. Among them, Rajshahi,
Bogra and Dinajpur were selected from northwestern region; Mymensingh and Tangail
were selected from central region; Jessore and Satkhira from southwestern region; Barisal
and Madaripur from southern region; Chandpur and Comilla from southeastern region;
and Sylhet district from eastern regions. In addition to simulating yield for the selected
years under the simulated climatic scenarios and the selected crop management
conditions (described), potential yield (i.e., yield without any water and nitrogen stress)

and vulnerability of the rice varieties under varying transplanting date was also assessed.

4.2.2 Selection of Rice Variety
The DSSAT model is variety-specific (e.g., BRJ boro) and is able to predict rice yield

and rice plant response to various environmental conditions. In predicting crop growth
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and vyield, the model takes into effect of weather, crop management, genetics, and soil
water, C and N. The model uses a detailed set of crop specific genetic coefficients, which
allows the model to respond to diverse weather and management conditions. Therefore,
in order to get reliable results from model simulations, it is necessary to have the
appropriate genetic coefficients for the selected cultivars. The two boro rice varieties
BR3 and BR!4 have been selected in the present study because genetic coefficients for
these varieties are available in the DSSA T modeling system. Although these varieties are
not widely used at present time, the effects of climate change and variability on these
varieties provide insights into possible impact of climate change on rice yield in the

future.

4.2.3 Crop management data

Crop management and experimental data were collected from Bangladesh Rice Research
Institute (BRR!, 2006 and Rashid, 2008). Management data included planting date,
planting density, row spacing, planting depth and irrigation and fertilizer practices.
Experimental data included crop coefficient (Kc), crop growing period and soil water and

fertility measurement.

The boro rice usually takes 3-6 months from germination to maturity, depending on
variety and the environment under which it is grown. In this study two distinct varieties
(BR3 and BR 14) of boro rice were selected, S'Town during December to May. The
selected varieties were BR3 and BRI4. Using these inputs, the average (of 12 locations)
yields of BR3 and BR!4 for the year 2008, estimated by the model, were about 5500 kg
ha-' and 4050 kg ha-', respectively; these values are close to the reported yields of these
varieties (BRRI, 2006). This total growing period, rice completes three distinct sequential
growth phases, vegetative, reproductive and ripening. These phases are subdivided into
various stages. Name of those stages and their growth duration are given in Table 4.1.
Crop management data for boro rice such as planting method, planting distribution,

planting population at seedling, planting population at emergence, row spacing, planting

86



depth, transplant age, optimum temperature during transplanting and plant per hill are
given in Table 4.2. Extreme temperatures are destructive to plant growth. The critical low
and high temperatures, normally below 20°€ and above 3006, vary from one growth
stage to another. These critical temperatures  differ according to variety, duration of
critical temperature, diurnal changes, and physiological status of the plant. The low, high

and optimum temperature for different growth phases are given in Table 4.3.

Table 21T Growlin.g peno U Uata
Growth—Rhase—of-Rice Erowth—Stage—oF-Riee Duration(Days)
Germination Stage 2-3
Vegetative Phasc Seedlin!! Stagc 40-45
Initial and Maximum Tillering Sta!lc 30-35
Pancilc Initiation Stage 8-10
Bootin!! Stallc 10-12
Reproductivc Phase Headin!! Sta!lc 5-7
Flowcring Stalle 6-8
Milking Stalle 4-5
- Soft Dou'lh Stape 7-9
| Ripening Phase [ Hard Dougn Stage 68 |
Ripening Stagc 14-18
lable 42  Planting data
Planting Mcthod Transolant
Planting Distribution ﬁill
Planting Population at Secding, Plants/m'’ 35
Plantin!! Ponulation at Emer.gcnce, Plants/m' 32
Row Soacin!l, om 15-20
Planting Dcoth, cm 3
Transolant Alle, days 40-45
[Temocrature during Transolanting, C 20-30
Plant ocr Hill. No. 2-3

Table 4.3: Tern
Low C
10-12
20
12-18

Like temperature, water requirement for boro rice also vary from one growth stage to

another.  This water requirement  differs according to variety, climatic factors like
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temperature  and solar radiation, physiological  status of the plant and soil condition.
Water requirement for heavy soil and light soil for different growth phases are given in
Table 4.4. An adequate water supply is one of the most important factors in rice
production. In many parts of tropical Asia, rice plants suffer from either too much or too
little water because of irregular rainfall and landscape patterns. Irrigation requirement for
boro rice in various phases are given in Table 4.5. Rice plants require a large amount of
nitrogen at the early and mid-tillering stages to maximize the number of panicles.
Nitrogen absorbed at the panicle initiation stage may increase spikelet number per
panicle. Some nitrogen is also required at the ripening stage. The nitrogen requirement

for boro rice is given in Table 4.6.

Table 4.4: Water reauirement data
GI’OWth Phase Of Rice HCO.Vy SUI; (IIIIII) ngilt SUI; (IIIIII)
Vegetative Phase 440 548
Reproductive Phase 240 343
Ripening Phase 153 208
Table 4.5: Irfigation data
Various Phases of Boro Rice Irrigation Interval (days)
Ve"etative Phase 5
Renroductive Phase 7
Rinepir<—PRhase 7
Month Irrigation  Requirement  (mm/day)
January 8
February 9
March 10
April 10
May 10

Table 4.6: Fertilizer dose |

Fertilizer Dose Eertilizer Application
Fertiiizer NdlTIE
(kg/ha)
Urea (N)(3 times in total QrowinQ neriod) 100-120 Broadcast on Flooded
| Trinle Suner Phosnhate (P) | 40-45 | Broadcast on Flooded |
Potassium Nitrate (K) 60-75 Broadcast on Flooded
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4.2.4 Soil data

Rice is grown on a variety of soils ranging from waterlogged and poorly drained to well
drained. It is also grown under many different climatic and hydrologic conditions. In this
study, soil data were collected from Bangladesh Rice Research Institute (BRRI) and Soil
Resources Development Institute (SRDI). The sources from where soil data were
collected included Fertilizer Recommendation Guide-2005 (Bangladesh Agricultural
Research Council, Dhaka), A Manual for the Determination of Soil Physical Parameters
(Karim et al.,, 1988, Bangladesh Agricultural Research Council, Dhaka) and Metrika
Beggan (Bhuya et al., 1985).

Soil data included upper and lower horizon depth, percentage of sand, silt, and clay,
color, bulk density, organic carbon, permeability and drainage, pH in water. Some of the
soil parameters used in this model is presented in Appendix B (Table B 4.1). As an
example, the soil profile data used in the model for the North Eastern Barind Tract (i.e.,
Agro-Ecological Zone, AEZ-27) covering Dinajpur, Rangpur, Bogra, Gaibandha, and
Joypurhat districts is presented in Table 4.7 and the Old Meghna Estuarine Floodplain
(i.e., Agro-Ecological Zone, AEZ-19) covering Kishoregani, Habigang, Brakmanbaria,
Comilla, Chandpur, Feni, Noakhali, Laksmipur, Narsingdi, Narayanganj, Dhaka,
Shariatpur, Modaripur, Gopalganj and Barisal districts is presented in Table 4.8. Tables
for the remaining regions are shown in Appendix B (Table B 4.2, B 4.3, B 4.4 B 45, B
4.6, B4.7, B 4.8 and B 4.9).

Table 4.7: Soil profile data for North Eastern Barind Tract (AEZ-27)

Depth . Organic : Cation Exchange Total
Bottom Clay Silt Stones Carbon PH 1N Capacity Nitrogen
Cm " o %0 % Water meg/I00gm %
5 19 17.5 d 0.79 5.2 5.25 0.14
15 19 17.5 d 0.79 5.2 5.25 0.14
30 19 17.5 d 0.75 5.2 5.25 0.13
45 19 17.5 d 0.63 5.2 5.25 0.11

Soil Texture:Loamy
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———————— ! 1 ]
| Tafjle 4.8: Spil orotile data for|Old Meghrja Estuarine Floodolain (AEZ{19) |
Depth , Organic : Cation Exchange Total
Bottom Clay Sllllt Stones Carhon pH n Capacity Nitrogen

o, Al % \Water nao hd
——CTTI % mMeqToOgm %
5 13 38 0 151 55 1.3 0.12
15 13 38 0 1.51 5.6 11.3 0.14

| 30 13 33 0 1.43 5.6 11.3 013 |
45 13 38 0 1.22 5.6 11.3 0.11

Soil Texture: Silt Loam

42,5 \Weather Data

The Hadley Centre of United Kingdom has developed the model named Providing
REgional Climate for Impact Studies (PRECIS), aregional climate model (RCM), system
which can be run to generate climate change scenarios. The aim of PRECIS is to allow
developing countries, or groups of developing countries, to generate their own national
scenarios of climate change to use in impacts studies. It is a hydrostatic, primitive
equation grid point model containing 19 levels described by a hybrid vertical coordinate
(Simmons and Burridge, 1981; Simon et al., 2004). In this study, a regional climate
model named ~roviding REgional Climate for Impacts ~tudies (PRECIS) was used to
generate daily weather data needed for running the OSSA T model (Islam. 2008). The
special report on emission scenarios (SRES) A2 of ECHAM4 has been used as PRECIS
input. In this study PRECIS runs with 50-km horizontal resolution for the present climate
using baseline lateral boundary conditions (LBCs). The model domain was selected 65-
103°E and 6-35°N to cover Bangladesh and its surroundings. In the next step PRECIS
run was completed for the year 2030, 2050 and 2070 using ECHAM 4 SRES A2 as the
model input. The PRECIS outputs that were used in the OSSA T model include daily
maximum temperature (Tmax), daily minimum temperature (TOlin),daily incoming solar

radiation (Srad), daily precipitation.
4.2.6 OSSAT Model

The Rice model of the OSSAT model system (v4) simulates crop growth, development

and vyield taking into account the effects of weather, management, genetics, and soil
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water, C and N. The simulation runs for rice was made by using Rice models of Decision
Support System for Agrotechnology Transfer (DSSAT) version 4.0. The DSSAT
Cropping System Model (CSM) simulates growth and development of a crop over time,
as well as the soil water, carbon and nitrogen processes and management practices. These
include:
I. A main driver program, which controls timing for each simulation,
2. A land unit module, which manages all simulation processes which affect a unit
ofland,
3. Primary modules that individually simulate the various processes that affect the
land unit including weather, plant growth, soil processes, soil-plant-atmosphere

interface and management practices.

Collectively, these components simulate the changes over time in the soil and plants that
occur on a single land unit in response to weather and management practices. The
DSSA T-CSM incorporates models of all crops within a single set of code. The design
feature greatly simplifies the simulation of crop rotations since soil processes operate
continuously, and different crops are planted, managed, and harvested according to

cropping system information provided as inputs to the model.

4,2.6.1 Tools of DSSA T-Model

The "Tools" menu of the DSSAT model includes the Crop Management Data editor
(XBuild), the Graphical Display Tool (GBuild), the Soil Data editor (SBuild) and the
Experimental Data editor (ATCreate).

Crop Management Data Editor (XBnild)

XBuild was designed to help the users create experimental files easily to avoid major
errors like types, format errors, errors with dates, etc. An important role of the program is
to make it easy to select information default values and retrieved information from

DSSAT4 files.
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The Environment menu option allows users to make changes to (1) Eield information,
which includes daily weather variables, soil data, etc., (2) Soil Initial Condition which
defines the initial soil water and nitrogen conditions at the start of simulation, (3) Sail
Analysis, (4) Environmental Modification which allows one to make changes to weather
variables such as daylength, daily total radiation, maximum temperature, minimum
temperature, precipitation, COz humidity, and wind. In the Management menu option,
the user can (1) select the crop and Cultivar that will be simulated, (2) enter management
inputs of Planting details which defines the planting date, plant density, row spacing and
planting depth, (3) lrrigation and water management which defines the dates and amounts
of irrigation applications, (4) Eertilizer which defines the dates, amount, and types of
fertilizer applications, (5) residues and other Organic Amendments which defines initial
residue from the previous crop present at the start of simulation, (6) Tillage, (7) Harvest
which defines final harvest date and other harvest parameters, and (8) Chemical

licati

The importance of the above sections depends on the treatment factor levels that one
defines for an experiment. The Treatments section allows one to select combination of

the factors on section entries for each treatment.

Soil Data Editor (SBuild)

The soil file (Soil. sal) contains data on the soil profile properties. These data are used in
the soil water, nitrogen, phosphorus and root sections of the crop models. The purpose of
SBuild is to provide an effective tool for creating and modifying the soil files. SBuild is a
key-mouse driven windows program that allows the user to enter data into tables. freeing
the user from possible formatting errors associated with entering data directly into an

ASCII file. The program will also calculate missing data before saving.

Graphical Display Tool (GBIlild)
GBIlild is a mouse-menll-key-driven plotting tool for data visualization. It provides users

with the capability to easily plot graphs that are routinely used during the development
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and validation of crop models. Different graphic options will give different views of the
research results. GBuild lets one compare data from experimental measurements with
results from simulation models. Additionally, GBuild calculates statistics based on
experimental and simulated data. It also provides the possibility of exporting the data into

an Excel spread sheet, or to a text file.

WeatherMan

Daily weather data are commonly used as input to mathematical models used in water
related projects and agriculture. While the models expect the data to be complete and
reliable, raw data from a weather station, or even a reliable secondary supplier of weather
data, are often flawed. The WeatherMan program is designed to simplify or automate
many of the tasks associated with handling, analyzing, and preparing weather data for use
with crop models or other simulation software. WeatherMan has the ability to translate
both the format and units of daily weather data files, check for errors on import, and fill-
in missing or suspicious values on export. WeatherMan can also generate complete sets
of weather data comprising solar radiation, maximum and minimum temperature, rainfall,

and photosynthetically active radiation.

4.2.6.2 Data requirement for Rice model

There are several input requirements of these crop models. These inputs and how they

were generated are described in this section.

Genetic coefficients

Rice model of OSSAT Model system uses as inputs coefficients that account for
differences in growth and development among cultivars. These coefficients are referred
to as genetic coefficients. Genetic coefficients allow the model to simulate performance
of different varieties under diverse weather and management conditions. Therefore, to
obtain reasonable outputs from the simulation models, it is necessary to have the

appropriate genetic coefficients for the selected cultivars. Since the genetic coefficients
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for the varieties considered in this study were not available, they were estimated by using
GENCALC of OSSAT v4.0, a computer software program that facilitates estimation of

crop genetic coefficients (Hunt et al., 1993).

Table 4.9: Genetic coefficients for rice cultivars, grown in Bangladesh, determined for
| | | OSSAT Model | |

| p.ml (‘ulfl\/arl | | Coefﬁ"iF”ts | | .
Pl P2R | PS5 P G3| G4|

20
|Bora| |6500| 90.0 |400 130| 65.0 | 0025| 10| 10| DSSATV4|

Soil data

Source |

Soil information is contained in a soil data file. The file contains information collected
for the soil profile at a specified site along with supplement information extracted from
soil survey reports for a soil with similar taxonomic classification. The file was created
by maintaining the format required by the OSSAT v4.0 crop models. Soil data were
collected for 12 locations mentioned in subsection 4.2.4 (Source and description of soil

data).

Crop data

The required crop data on development and growth characteristics and cultural practices
for the selected varieties were collected from BRRI (Table 4.10). The cultural practices
information was used for creating different simulation experiments. The cultural practices
are planting date, planting density, row spacing, planting depth and irrigation and
fertilizer practices, crop growing period and soil water and fertility measurement. 15
January was selected for planting date for 12 locations all over in Bangladesh. In the
simulation experiments, for selecting suitable planting date, I, 5, 15 and 25 January were
selected. For finding yield of boro rice in the period of 2008, 2030, 2050 and 2070 the
following management data was considered. To observe the impact of climate change on
boro production, it was necessary to maintain a similar interval of irrigation application

date corresponding with planting date in all locations in Bangladesh. But when years
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were changed (2030, 2050 and 2070), at that time irrigation application date unchanged,;

only year was replaced with desirable year. It was also same as fertilizer application.

ement data used in the model simulations

In it data
erm
Cr m-
. 30 kg ha-*
. 70 kg ha-*
30 kg ha.!
A 855 mmin 14a lications

Weather data

Predicted weather data in the period of 2008, 2030, 2050 and 2070 for the 12 locations
was obtained from SAARC Metrological Research Centre (Islam. 2008). The weather
data included daily values for the following variables: rainfall (mm), maximum and

minimum temperatures (0C), and incoming solar radiation (MJ/mZ/day) (sec section 4.2.5
for details).
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4.3 RESULTS AND DISCUSION

In this study, effect of climate change on two varieties ofboro rice was assesed. Predicted
climate scenarios for the years 2008, Z030, Z050 and Z070 were used to the assessment at
first qualitative assessment of impact was made by comparing the predicted temperature
with optimum temperatures for different growth phases of boro rice. Quantitative amount
of the impact of climate change on boro rice was made using the DSSAT (v4.0) model.
The section presents the results of both qualitative and quantitative assessment of the

impact of climate change on boro cultivation on different regions of Bangladesh.

4.3.1 Qualitative Assessment of Temperature and Rainfall on Growth Phases of
80ro Rice

4.3.1.1 Temperature

The rice plant usually takes 3-6 months from germination to maturity, depending on
variety and the environment under which it is grown. During this total growing period,
rice completes three distinct sequential growth phases, vegetative, reproductive and

ripening.

The vegetative phase refers to a period from germination to the initiation of panicle
primordia. It is characterized by active tillering, gradual increase in plant height and leaf
emergence at regular intervals. All contribute to increasing the leaf area that receives
sunlight. The low, high and optimum temperature ranges in vegetative phase are normally
10-1ZoC, 40°C and Z0O-300Cand water requirement for heavy soil is 440 mm and for light
soil 548 mm. These temperature ranges and water requirement in vegetative phase differ
according to variety, duration of critical temperature, diurnal changes. and physiological
status of the plant and soil condition. The vegetative phase is subdivided into
germination, seedling and initial and maximum tillering stage. Germination starts when
seed dormancy has been broken down, the seed absorbs adequate water, and is exposed to

a temperature ranging from about 10to 40°C. Temperature has a profound influence on
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germination stage. The effect of temperature on germination can be examined in terms of
temperature, time and germination percentage. 90-97% germination was attained in 2
days for incubation at 270_370C; the germination percentage dropped sharply below or
above this range (Yoshida.19S1). When the incubation time was extended to 6 days,
germination was 90% or higher at temperatures between 15%nd 37°C. At SCand 450C, no
germination occurred. Seedling emergence is the time when the tip of a seedling emerges
from the soil or water surface and, thus includes both germination and post germination
growth. Physiological age of seedling is very much affected by environment. Even for the
same location and variety, variable weather conditions affect the rate of seedling growth.
In first week of post-germination growth, the growth rate increases linearly in
temperature range between 220 and 31°C. For the maximum seedling growth, the best
temperature range is 250_300C. Growth may be reasonably good up to 350C, above which
it declines sharply. Above 400 seedling may die. The critical minimum temperature for
shoot elongation ranges from 7%t 16°C and that for root elongation from 12010 16°C.
Hence, about 100C may be considered as the critical minimum temperature for both shoot
and root. Seedlings for transplanted rice are normally raised in lowland nurseries
compare to upland nurseries. The upland-grown seedlings perform well when
temperatures are cool at transplanting and quick recovery from transplanting is desirable.
Tillers are branches that develop from the leafaxils at each unelongated node of the main
shoot or from other tillers during vegetative growth. The optimum temperature for
tillering stage is 25-31 DC.The effect of temperature on tillering is affected by the level of
sunlight. Basically, higher temperatures increase the rate of leaf emergence, and provide
more tiller buds. Under low light conditions, some of the tiller buds may not develop into
tillers because of a lack of carbohydrate necessary for growth. When light is adequate,

however, higher temperatures increase tiller number.

The reproductive phase refers to the period from panicle initiation stage to the milking
stage. It is characterized by dum elongation, decline in tiller number, and emergence of
the flag leaf, booting, heading, and flowering. The low, high and optimum temperature

ranges in reproductive phase are normally ZOOC, 350C and 30-35()C and water
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requirement for heavy soil is 240 mm and for light soil 343 mm. These temperature
ranges and water requirement in reproductive phase vary according to variety, duration of
critical temperature, diurnal changes, and physiological status of the plant and soil
condition. The reproductive phase is subdivided into panicle initiation booting, heading,
flowering, and milking stage. The major elements of a panicle are the base, axis, primary
and secondary branches, pedicel, rudimentary glumes and spiklet. The initiation of
panicle primordium starts about 30 days before heading; it corresponds to the time when
the fourth leaf from the top begins to elongate. The total duration of panicle development
varies with variety and weather and ranges from 27 to 46 days. The minimum critical
temperature for panicle initiation stage is 15°C. Heading means panicle exsertion. It
usually takes 10-14 days for all the plants in the field to complete heading. Heading date
is generally defined as the time when 50% of the panicles have exserted. Low
temperatures aggravate poor panicle exsertion. Anthesis (flowering) refers to a series of
events between the opening and closing of the spikelet, lasting about 1-2.5 hours. When a
portion of the panicle has exserted, anthesis will occur, starting with the spikelets at the
tip of upper panicle branches. Hence the date of anthesis is the same as the date of
heading. The date of anthesis of individual spikelets varies within the position of the
spikelets within the same panicle. Spikelets on the upper branches have earlier anthesis
than those on the lower branches. The low, high and optimum temperature ranges in

anthesis stage are normally 22°C, 35°C and 30-33°C.

The ripening period is characterized by grain growth increase in size and weight, changes
in grain color, and senescence of leaves. At the early stages of ripening, the grains are
green; they turn yellow as they mature. The texture of the grains changes from a milky,
semifluid state to a hard solid. On the basis of such changes the ripening period s
subdivided into soft dough, hard dough and ripening stage. Before heading, a
considerable amount of starch and sugar accumulates in the culms and leaf sheaths. This
accumulated carbohydrate is translocated to the grains during ripening. In cool regions,

some leaves remain green even at maturity. The low, high and optimum temperature
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ranges in ripening phase are normally 12°C, 3SoC and 30-3SoC and water requirement for

heavy soil is IS3 mm and for light soil 208 mm.

Qualitative Assessment of Temperature in December-May on growth phases of Boro
Rice

December month is located in the vegetative phase and low, high and optimum
temperature ranges in this phase are 10-12°,40° and 20-30°C, respectively. The predicted
temperatures by the PRECIS model show that in none of the 12 selected stations
temperature will be in the optimum range in December for the years 2030, 20S0 and
2070. This is because the minimum temperature of almost all stations is predicted to be
below 20°C. During this period germination starts when seed dormancy has been broken
down, the seed absorbs adequate water, and is exposed to a temperature ranging from
about 10°to 40°C. For those stations, in which minimum temperature is below 20°C, the
germination may be slightly affected. It was observed that in Dinajpur, Jessore, Satkhira,
Madaripur, Chandpur and Comilla, the minimum predicted temperature was very close to
10°C in 2030 and this could affect the rate of germination. The minimum temperature in
20S0 and 2070 was predicted to be slightly higher than 2030, which may be beneficial for

good germination for boro rice.

Temperatures below 10°C would affect the rice plant establishment after seedling has
been transplanted and then they begin to rooting. In January, low temperature during
transplanting affects root growth and poor leaf development leading to poor crop
establishment. The low temperature at the early growth stages affects natural nutrient
uptake and metabolic activities leading to poor vegetative growth reflected, as yellowing
of leaves, stunt growth and reduced tiller number (Nishiyama et al., 1995). According to
the model predictions, none of the stations will have optimum temperature for seedling
growth (2S-30°C) up to 2070. It was observed that the minimum temperature of all
stations except Satkhira (2070) was predicted to be below 20°C in 2030, 20S0 and 2070.
These stations with the temperature below 20°C but above 10°C may be slightly affected

in terms of seedling growth and discoloration of seedling (Kaneda and Beachell, 1974).
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The predicted monthly average maximum and minimum temperature

in December and

January (2030, 2050 and 2070 from PRECIS-Model) are shown in Table 4. 11.

Table 41 |- Monthly average maximum and minimum temperature in December and |
Januarv(2030, 2050,2070) |
Ecemiper Ivionth January vIonjn
_ Max, Min| Max| Minl Max| Min| Max] Min Max).[ Minl Max| Min
Locations Tern} T€MR Temy Ternl> Temil| Temy Tern'| TéMA Temp| Tern'{ Temd Tern'
c] C| ~c| n"c| "c| rc| "c| "C| ~c| ~c| =cl -c
z030o| Z030| zos@ zos® zo7o| zo7o| zo3o| Z030( zosqd zosq zo7o| zo7o
Northwestern n-gion
| Rajshahi [ 2532 | 1181|2815 | 1439] 27,01 | 1478 { 2410 [ 11.93 | 2675 | 1324 | 2775 | 1749
Bo'na 2476 | 11.25 | 27.74 | 1351 | 26.92 | 1444 | 2355 | 11.88 | 26.00 | 12.61 | 27.34 | 17.24
[ Dinajpur 25.15 | 10.56 | 27.76 | 12.63 | 27.05 | 13.59 | 23.91 | 11.40 | 26.00 | 11.80 | 28.36 | 16.23
Central rel,~on
Mymensingh 23.97 | 11.77 | 26.72 | 14.00 | 26.39 | 15.26 | 22.83 | 12.53 | 24.21 | 12.96 | 2536 | 17.48
TanQail 2458 | 1098 | 27.67 | 14.26 | 26.91 | 14.61 | 23.40 | 12.24 | 25.66 | 12.91 | 26.93 | 18.07
Southwestern regior
Jessore 2533 | 1042 | 27.78 | 1554 | 27.84 | 14.80 | 23.99 | 13.06 | 26.34 | 13.90 | 28.82 | 19.54
Satkhira 2557 | 10.74 | 27.81 | 16.32 | 28.11 | 15.19 | 24.25 | 13.67 | 26.82 | 14.68 | 29.98 | 20.54
Southern region
Barisal 2579 | 1091 | 28.05 | 1521 | 28.20 | 15.10 | 23.94 | 12.84 | 25.90 | 1410 | 28 19.5
Madaripur 2552 | 10.65 | 27.93 | 15.09 | 27.90 | 14.80 | 23.86 | 12.43 | 25.74 | 13.75 | 27.77 | 18.99
Southeastern region
Chandpur 2576 | 10.75 | 28.10 | 14.97 | 28.11 | 14.85 | 24.22 | 12.26 | 25.76 | 13.81 | 27.75 | 18.69
Camilla 2551 | 1042 |27.65 | 14.16 | 27.55 | 14.40 | 24.18 | 11.92 | 25.43 | 13.40 | 27.38 | 17.80
Eastern region
Sylhet 2459 1165 27.23 1342 2617 1445 2322 12.04 2300 13.04 2500 16.57
February represents in the Initial and Maximum tillering stage (Vegetative phase) and

Panicle Initiation stage (Reproductive phase). Temperature

range in this month is more

critical, because two important growth phases are there in this month. The optimum

temperature for tillering stage is 25-31 DC. Basically, higher temperatures increase the rate

of leaf emergence, and provide more tiller buds. Under low light conditions. some of the

tiller buds may not develop into tillers because of a lack of carbohydrate necessary for

growth. When light is adequate, however, higher temperatures increase tiller number. The

climate model (PRECIS) predicted maximum temperature

100

above

35°C in Rajshahi,



Bogra, Dinajpur, Tangail, Jessore, Satkhira, Barisal, Madaripur and Chandpur in 2070.
The lowest limit of minimum temperature (15.39 and 15.68°C) was predicted for
Dinajpur in February, 2030 and 2050, respectively. For Bogra, the lowest minimum
temperature was predicted to be 15.99°C in 2030. These low temperatures may trend to
stunt vegetative growth characterized by reduced height and tillering, delayed heading,
incomplete panicle exsertion (Kaneda and Beachell, 1974). In short, the model predicted
temperature shows that the temperatures will remain more or less within the range of

maximum and minimum temperature for most of the selected locations.

March month represents the Reproductive phase and low, high and optimum temperature
ranges in this phase are 20° 35° and 30-33°C, respectively. The predicted temperatures
show that none of the selected locations will have minimum temperature below 20°C in
March in 2030, 2050 and 2070. So it will be beneficial for future boro production. In a
technical sense, the temperature in this month may have a significant effect on boro rice
production; because this is the time when the rice plants undergo may be Panicle
Initiation, Booting, Heading and a part of Flowering and Milking, on which the best
performance of rice depends. The monthly average maximum temperature above 35°C
was predicted almost all parts of the country for 2050 and 2070 except the eastern region
where boro production is negligible. So, boro production in 2050 and 2070 may be
hampered significantly due to higher maximum temperature. Fertility of spikelets was
75% for plants held at 35°C for 4 hours, about 55% at 38°C for 4 hours, and about 15% at
41°C for 2 hours (Satake and Yoshida, 1978). In 2070, the predicted maximum
temperature in northwestern, southwestern and central (Tangail) regions often exceeded
40°C, which may have a significant role to reduce fertility of spikelets. According to
Satake and Yoshida (1978), spikelet sterility from high temperature is induced largely on
the day of flowering. Within the flowering day, high temperature during anthesis was the
most detrimental to spikelet fertility, high temperature just before anthesis was the second
most detrimental and high temperature after anthesis had little effect on spikelet fertility.
The predicted monthly average maximum and minimum temperature in February and

March (2030, 2050 and 2070 from PRECIS-Model) are shown in Table 4.12.
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Table 4.12: Monthly average maximum_and minim

Im _temperature

in February and March

(2030, 2050, 2d70)
Februany —vionth Varct vonth
) Mas| Min. Mas| Min| Mas| Minl Max.| Min] Max| Min. Max.| Min
Locations T%rnl Teorn" Teornl Teorn' T%rn' Teornl Te;rn' T%rn' Teomp Teornl' Teorn" Ternl
C C C o C C C C C C C °C
2030 2030 2050 2050| 2070| 2070] 2030| 2030] 2050| 2050 2070| 2070
Northwestern rC2ior
Rajshahi 27.05 | 1602 34.21 | 16.68 | 38.04 | 21.07 | 34.55 | 23.66 | 38.79 | 24.78 42.11 | 25.97
Bogra 26.98 | 1599 3291 | 16.09 | 36.66 | 20.24 | 32.83 | 2358 | 37.90 | 2423 4116 | 2553
Dinajpur 27.74 | 1539 3254 | 1568 | 36.8\ | 19.92 | 31.15 | 22.56 | 38.24 | 22.93 40.36 | 24A9
Central region
Mymensingh 2588 | 16.62 29.94 | 16.18 | 32.77 | 18.85 | 29\ | 22.6\ | 33.80 | 22.84 37.49 | 2456
Tangail 2714 | 16.76 32.96 | 16.64 | 36.28 | 20A0 | 32.78 | 23.83 | 37.37 | 24.63 40.69 | 25.92
Southwestern regior
Jessore 28.55 | 18.13 3451 | 18.61 | 37.91 | 21.79 | 34.69 | 2455 | 37.77 | 25.14 4119 | 27.33
Satkhira 28.77 | \8.64 3467 | 19.25 | 38.04 | 22.43 | 34.81 | 24.68 | 37.92 | 2530 40.96 | 27.58
Southern region
Barisal 28.10 | 18.22 31.93 | 19.05 | 358 | 21.4 | 31.49 | 24.01 | 35.27 | 2439 3763 | 268
Madaripur 28.05 | 17.94 3263 | 18.72 | 36.58 | 21.31 | 32.18 | 24.02 | 36.13 | 24,46 38.93 | 26.88
Southeastern rc~Jjon
Chandpur 28\9 | 17.79 3174 | 18.77 | 35.84 | 21.12 | 31.56 | 23.98 | 35A4 | 2457 37.95 | 26.93
Comilla 2791 | 17.11 30.84 | 18.21 | 34.88 | 20.27 | 30.74 | 23.36 | 35.09 | 24.34 37.96 | 26.69
Eastern re~ion
Sylhet 2475 16.02 26.63 16.01 3054 1874 2659 2110 29.83 22.04 32.60 24.13

April represents the Milking stage in the Reproductive phase and Soft and Hard drafting

stage in Ripening phase.

Temperature

largely affects these two phases.

Maximum

temperature above 35°C in April is predicted for northwestern and southwestern regions

in 2030, 2050 and 2070 and a parts of central (Tangail) and southern (Madaripur) region

in 2030; this is likely to significantly affect the Reproductive and Ripening phases.

Increase in temperature shortens the Reproductive phase, decreasing the time during

which the canopy exists and thus the period during which it intercepts light and produces

biomass. Higher temperatures

lead to lower yields and may also lead to higher rates of

evaporation and therefore reduced moisture availability that can also be expected to affect

yields.
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Ripening phase starts at the end of April and continue up to the middle of May.

Maximum temperature is predicted to be above 35°C in most of the regions except

eastern portion in 2030, 2050 and 2070 and minimum temperature is predicted to be
above 30°C in most parts of northwestern regions and southwestern regions in 2070. The

length of ripening is inversely correlated with daily mean temperature. Thus, persistent

cloudy weather conditions will be more detrimental to grain filling under high
temperatures because of a shorter ripening period. In fact, a combination of high
temperatures and low light can seriously impair ripening, since grain weight and

percentage of filled spikelets are both affected by light and temperature (Yoshida, 1973).

The monthly average maximum and minimum temperature in April and May (2030, 2050

and 2070 from PRECIS-Model) are shown in Table 4.13.

Table 413 Mnnfhly average maximum and minimii temperature in April and May
(2030, 2050, 2070)
Apri—ivionth ivtayivionth
) Max] Min. Max. Min. Max| Min] Maxl Min] Max| Min| Max| Min.
Regions Tenft Temp Temp Temp Temd Temy Ternl| Temy Temll Temd Temni| Temp
C C C C C C C C C C
2030( 2030 2050f 2050 2070 2070 2030 2030 2050 2050[ 2070 2070
Northwestern region
Rajshahi ~1.88 | 27.33 ~5.65| 29.~2 39.23 | 28.93 | ~~.10| 28.96 | ~OA5 | 29.62 | ~1.9~ | 30.92
Bogra 39.39 | 2685 ~~.17| 28.87 37.79 | 2876 | ~1.80| 27.92 | 38.72 | 29.05 | ~0.08 | 30.2~
Dinajpur 36.02 | 2~39 4213 | 2755 3~76 | 27.71 | 36.86 | 25A7 | 36.37 | 27.83 | 35.45 | 27.72
Central region
Mymcnsingh 32A9 | 25.88 38.03 | 21.49 3538 | 27.55 | 352~ | 26.76 | 3~93 | 27.7~ | 35.10 | 28.78
Tangail 38.98 | 2731  ~35~| 29.16 38.23 | 2882 | ~1.90 | 28.37 | 39.3~ | 29.32 | ~0.39 | 30A0
Southwestern region
lessore 39.30 | 27.79 423~ | 28.98 39.00 | 28.97 | ~1.70 | 29.22 | ~0A~ | 29.81 | ~0.69 | 30.72
Satkhira 39.15 | 27.78 ~1.78| 28.90 39.23 | 29.22 | ~2.36 | 29.39 | ~0.32 | 29.66 | ~0.90 | 30.79
Southern re!.~on
Barisal 33A8 | 2725 37.88 | 28.29 369 | 2831 | 3592 | 28A3 | 37.20 | 29A6 | 37.23 | 301
Madaripur 35.05 | 27.35 39.57 | 28A6 37.77 | 28A2 | 37.53 | 28.39 | 38A9 | 29.59 | 38.25 | 30.23
Southeastern reg:ion
Chandpur 33.70 | 27.33 3820 | 28.39 37.5~ | 28.44 | 35.99 | 28.29 | 37.7~ | 29.59 | 37.55 | 30.23
Comilia 32.83 | 26.73 37.63 | 28.00 37.31 | 28.02 | 36.36 | 27.59 | 37.76 | 29.03 | 36.66 | 29.61
Eastel"" region
Sylhct 2799 2U9 3136 2553 32A5 261~ 30.85 2520 30.79 26.19 31.60 27.26
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4.3.1.2 Rainfall

Variability in the amount and distribution of rainfall is the most important factor limiting
yields of rice. In Bangladesh, winter rice crop (boro) is an irrigated crop. Of the country's
three rice seasons, it is the longest season, producing the highest grain yield. The season
begins in December and ends at the end of May in low-lying depressions. The early
beginning of the season in low-lying areas is because of farmers' intensions to use
surface water left after the recession of floodwater to grow seedlings and the subsequent
crop. In high lands, farmers sow their seeds in December and transplant the seedlings in
February when temperature increases. They harvest this crop in Mayor June (Gomosta.
2001). Water is the most critical input for successful crop production. The net cropped
area ofland in Bangladesh is about 8.5 million hectares of which about 56% (4.8 Mha) is
under irrigation (Bangladesh Economic Review, 2004). Rice yield is almost similar in all
the water regimes mainly due to the application of more irrigation water than the ET
(Evapotranspiration) demand for rice. In a dry day, the ET demand is met from the first
storage of soil surface if there is water in it. When the first storage is exhausted, ET
demand is met from the second storage. In a continued dry period if the second storage is
unable to satisfy ET demand, the crop suffers from drought and reduce yield. The amount
of drought varies from different growth phases of rice, e.g., vegetative, reproductive and
ripening phase. The average drought amount and drought duration in vegetative phase is
higher than the other two growth phases (BRRI, 2006). Therefore, ET and seepage and
percolation (S&P) are considered water requirements for rice grown under low land
environments. The total water requirements for boro rice are varies from 750 to 800 mm

depending on the variable water regimes imposed in the rice field.

Qualitative Assessment of Rainfall in Winter and Pre-monsoon on Growth Phases of
Boro Rice

Vegetative phase ofboro rice starts at the end of the December and extend up to March.
The total amount of water requirement is 548 to 550 mm for light soil and 440 to 450 mm

for heavy soil during this period. The water requirement in vegetative phase differs
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according to variety,

status of the plant and soil condition.

during winter season

mm (Dinajpur, 2070)

face a to shortage water due to low rainfall

Winter season follows

The rainfall
regions in Bangladesh
2070. In these
EXCESS

of the country.

in winter

regions

irrigation water will be necessary

duration of critical temperature, diurnal changes, and physiological

No or negligible amount of rainfall was predicted

(December-February) in all 12 selected locations; ranging from 4.64

to 182.9 mm (Sylhet, In coming years, boro production

2050). may

in Winter season because rainfall pattern in

a decreasing trend in most of the regions in 2030, 2050 and 2070.

for the north-western, southern, southeastern and southwestern

was predicted to decrease significantly in the years 2030, 2050 and

irrigated crop (boro rice) may face into drought condition. So,

in these regions compared with the others parts

Table 4.14 Model predication data in Winter and Pre-monsoon  season in various
locations in Bangladesh (2030, 2050] and 2070)
Winter Season Pr¢-monsoon Selason
Total Total Total Total Total Total
Station Name Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
mm mm mm mm mm mm
2030 2050 2070 2030 2050 2070
Norlhwestern regior
Rajshahi 61.1 14,51 41.45 333.9 226.2 442.75
Bogra 113.3 16.46 27.15 571 354.8 590.5
Dinajpur 51 13.04 4.64 540 312.3 578.1
Central region
Mymcnsingh 67.1 39.3 31.35 1283 598.5 890.9
Tangail 120.6 17.16 34.58 558 300.4 4845
Southwestern region
Icssorc 42.5 13.64 17.9 152.8 135.1 187.6
Satkhira 454 13.26 16.01 302.4 107.3 207.5
Southern region
Barisal 34.63 24.49 14.97 200.5 125.5 340.78
Madaripur 44.8 21.51 16.65 265.1 134.4 377.52
Southeastern region
Chandpur 40.7 24.28 11.43 282.1 132.7 300.89
Camilla 62 26.76 17.32 425 162.3 304.54
Eastern region
Sylhet 140.7 182.9 124.6 3184 1694 2128
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Reproductive (the most critical) and Ripening (critical) phase of boro rice starts at the
first week of the March and extend up to middle of May. The total water requirement for
reproductive phase is 340 to 345 mm for light soil and 235 to 240 mm for heavy soil. For
ripening phase, it is 205 to 210 mm for light soil and 150 to 155 mm for heavy soil.
Variability of rainfall affects the rice crop at different times. If the variability is
associated with the onset of the rain, establishment and growth duration of rice are
affected. If variability is associated with an untimely cessation at the reproductive or
npenmg stage of the rice crop, yield reduction is severe (De Datta, 1976). The
substantially low rainfall during Pre-monsoon season may directly affect the most critical
phases. Yield losses resulting from water deficit are particularly severe when drought
strikes at booting stage. Effects on yield, however, are small as compared to drought
stress at reproductive stages, which irreversibly reduces the number of fertile spikelets

(Igngram et al.,1993). Total rainfall in Winter and Pre-monsoon season are given in Table

4.14.
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4.3.2 Impact of Climate Change Scenarios on Boro yields (CO, fixed)

Agricultural practices w1 Bangladesh are largely dependent on the temperature and
rainfall patterns. Historically, Bangladesh often experiences severe droughts in winter
season and flood during the monsoon months, with significant crop losses during both
extreme conditions. A boro crop encountering critical low temperature is appeared to
suffer from cool injury. The extent of cool injury depends on the nature and duration of
low temperature and diurnal change of low (night) and high (day) temperature. A
simulation study was conducted to assess the wvulnerability of boro production 1

Bangladesh to potential climate change in the years 0f2008, 2030, 2050 and 2070.

These predictions have been made using a fixed irrigation application (855 mm in 14
applications), fertilizer dose (130 kglha in 3 applications), cultivar (BR3 and BRI4) and
CO2 of 379 ppm (the value reported for the year 2005 in fourth assessment report of
IPCe) in all locations during those periods. Soil data were varied on location basis. 15
January was selected for planting date for all locations and years. Climate scenarios for

the selected years were obtained ITomprediction made using the PRECIS model.

4.3.2.1 Impact of climate change scenarios on BR3-Rice

Table 4.15 shows predicted BR3 rice yield for the selected locations. It shows reduction
in yield (compared to 2008 vyield) across all locations (except Rajshahi) and time period.
Simulated BR3 rice yield ranged from 3063 kg/ha (Rajshahi) to 6848 (Dinajpur) kg/ha in
2008, 4083 kg/ha (Rajshahi) to 5987 kg/ha (Comilla) in 2030, 3265 kg/ha (Rajshahi) to
5750 kg/ha (Sylhet) in 2050 and 1785 kg/ha (Rajshahi) to 3595 kg/ha (Sylhet) in 2070. It
is evident from Table 4.15 that a significant reduction in rice yields is likely in future due
to predicted changes in climatic condition. Compared to 2008, predicted average
reductions of yield of BR3 variety for the 12 selected locations are about 1l % for the
year 2030, 21% for 2050 and 54% for 2070. Some regional variation could be observed

in the predictions (Fig. 4.4), with somewhat higher reductions predicted for central, .
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southern and southwestern regions. Some increase in yield was predicted for Rajshshi for
the years 2030 and 20S0. The maximum vyield reduction of 29.6% was predicted at

Dinajpur in 2030, 36.3 % at the same location in 20S0 and 6S.4% in 2070 at Barisal.

Table 4.1S: Predicted vyield ofBR3 variety ofboro rice (kg ha.l) at 12 selected locations

for the|years 2308 ,20B0 , 20SP and 2p70
2008 2030 2050 | 2070 | » chan}JC | « change | %changc
Locations Cullinr (379 | (379 | (379 | (379 | in ~.icld | in lield in 'ield
ppm) PITm) | ppm) ppm) Tor—20360 for 2050 for 2070 |
Northwestern region
Rajshahi BRJ 3063 | 4083 3265 1785 33.30 6.59 -11.72
Bogra BRJ 5741 5119 | 4070 2036 -10.83 -29.10 -64.53
Dinajpur BR3 6848 | 4824 | 4364 2692 -29.55 -36.27 -60.68
Central region
M)1Uensingh B_R3 5995 | 5275 | 4455 2739 -12.01 -25.68 -54.31
Tangail BR3 5487 | 5160 3874 1938 -5.95 -29.39 -64.68
Southwestern re~ion
lessore BR3 5571 | 4432 | 4583 1997 -20,44 -17.73 -64.15
Salkhira BRJ 4700 | 4364 3603 2066 -7.14 -23.34 .56.04
Southern region
Barisal ﬂ?\] 6043 | 4006 3972 2091 -33.70 -34.27 -65.39
Madaripur BR3 4582 | 4017 3647 2186 -12.33 -20.40 -52.29
~ SOUTNGasern  region
Chanapar BRI 5975 | 5455 | 40390 | 2772 8.70 32.40 -53.60
Camilla BRJ 6115 5987 | 4456 3075 -2.09 -27.13 -49.71
Eastern region
Sylhcl BR3 5960 5117 5750 3595 -14.14 -3.52 -39.68

Rice production can be dramatically affected by temperature. Grain yield decreases above
a critical temperature greater than 30% (US DOE, 1989). Higher temperature also leads
to increase plant growth rate and decreased growth durations leading to shorter grain
filling period, spikelet sterility (Yoshida and Parao, 1976), which becomes very severe
near 400e, resulting in complete loss of crop production. The maximum temperature of
almost all stations was predicted to be above 3Soe during the phases of Panicl Inition-
End Leaf Growth and Grain Filling out oftive phases ofboro rice in 20SO and 2070. But
optimum temperature range for total growing period ofboro rice is 20-3S°C. It is reported
for every 2° rise in temperature boro rice yield may be reduced by up to 9.70"10 and for

every 4%, it may be 21.60% (Mahmood et al., 1998). During the critical growth phases,
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it was observed that predicted temperatures varied from (model output sheet) 37 to 42°C
in 2050 and 36 to 47°C in 2070. Increasing temperature also affected the water
requirement of rice and it was reflected by higher predicted water stress in 2030, 2050

compared to 200S (irrigation application was same).

The growth and yield of crops are directly related to the rate photosynthesis and
phenology, and their response to temperature and radiation. Optimum temperatures for
maximum photosynthesis range from 25 to 30°C for rice under climatic conditions of
Bangladesh. The model results of four years (200S, 2030, 2050 and 2070) shows that the
effect of climate change would drastically reduce rice yield at all selected the locations
except Rajshahi (2030 and 2050). In Rajshahi, the predicted maximum temperatures in
End Leaf Growth-Begin Grain Filling phase (4 1.6°C) and Grain Filling Phase (43.5°C) in
200S, were comparatively higher than those in 2030 (3S.2°¢ and 43.1%, respectively)
and 2050 (36.2°e and 44.1°e, respectively), but lower than the corresponding values in
2070. In 2070, during most of the four development phases (out of five) exceeded
optimum temperature range and water and nitrogen stress were also higher than 200S,
2030 and 2050, resulting in significant reduction in yield (Fig. 4.1). The physiological
maturity day and leaf area index (LAI) in 200S were SS days and ].37, respectively and
in 2070, those were S3 days and 1.04. So, physiological maturity day and leaf area index
both decreased in 2070 which significantly contribute to the reduction of BR3 yield.
According to Vergara (J 970), the growth period of short-duration plants (of less than
100-day maturity) grown under normal field conditions usually do not permit the
production of sufficient leaf area to result in production of larger number of panicles with

well filled spikelets.

In Barisal reglon (Fig 4.2), there were no phases where the maximum temperatures
exceed optimum temperature range in 200S for BR3 and water and nitrogen stress of
those phases were comparatively lower than 2030, 2050 and 2070. The maximum
temperature in Emergence-End Juvenile, End Juvenil-Pancil Inition, Panic! Inition-End

Leaf Growth, End Leaf Growth Begin Grain Filling and Grain Filling phase were 25°C,
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25.70C, 30.S0C, 33.50C and 35.2°C, respectively, in 200S whereas in 2070 those values
were 2S.00C, 37.3°C, 36.30C, 3S.20C and 37.60C, respectively. Significant fluctuations in
minimum temperature, rainfall and solar radiation were observed during on those phases
in the simulation years (model output sheet). The physiological maturity day and leaf area
index (LAI) in 200S were 99 days and 3.1S and in 2070, those were SOdays and 1.30 for
BR3. The yield losses for BR3 in 2030, 2050 and 2070 were 33.70%, 34.27% and
65.39%, respectively at Barisal. The variation of maximum and minimum temperature,
solar radiation, photoperiod, rainfall, evapotranspiration and nitrogen and water stresses
in the different development phases (BR3) for Rajshahi, Barisal are presented in Table
4.16 and 4.17, respectively. Similar in formation for the other locations are presented in

Appendix B.

It appears that higher temperature in future, exceeding the number of optimum growing
period temperatures (20 to 35°C) for rice production, would significantly reduce boro
yield. For example, in 200S the numbers of days with Tmaxabove 35°C are 0,0, 13,27
and 30 in January, February, March, April and May, respectively, for Rajshahi. Whereas
the corresponding figures in 2070 are 0, 22, 30, 23 and 25. The numbers of days with
Tm;nbelow 20°C are 30, 26, 4, 0 and 0 for January, February, March, April and May,
respectively, in 200S. Whereas the corresponding figures for 2070, those were 26, |1, 0,
0 and O. Similarly at Barisal region, the total numbers of days with Tmexabove 35°C are
0, 0, 7, 17 and 20 in 200S, whereas in 2070, the corresponding figures are 0, 19, 24, 21
and 22 in January, February, March, April and May, respectively. The numbers of days
with Tminbelow 20°C are 30,21,4,0 and 0 in 200S; whereas in 2070, the corresponding
figures are 14,9,0,0 and O. Similar results were also found for Jessore and other regions
in Bangladesh (Table 4.1S). Table 4.19 shows predicted total monthly rainfall during
January to May at the 12 selected locations for the simulation years. It shows that the
predicted total rainfall in January to May are about 157 mm, 526 mm, 236 mm and 453
mm in 200S, 2030, 2050 and 2070, respectively at Rajshahi, 145 mm, 235 mm, 14S mm
and 356 mm at Barisal and 135 mm, 195 mm, 144 mm and 301 mm at Jessore. Analysis

of predicted rainfall data shows that rainfall in winter season (December to February)
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which could be useful for boro rice, is decreasing with time in almost all locations

(except Rajshahi in 2030); on the other hand relatively high rainfall is predicted for May

(PRECIS daily rainfall data) in 2030, 2050 and 2070, when water requirement for boro is

not significant.

variability

is associated with the onset of the rain, stand establishment

Variability of rainfall affects the rice crop at different times.

If the

and growth

duration of rice are affected. If variability is associated with an untimely cessation at the

reproductive or ripening stage of the rice crop, yield reduction is severe (De Datta, 1976).

Table 4.16: Predicted climatic parameters and stresses in different development phases of
BR3 rice at Rajshahi region in 2008, 2030, 2050 and 2070

Dl
FT1dSt

| (@) 2008 | | | | | |
| _ | Water $tress Nitrogeh ~ Stress
Time: Temp Temp Solar Photop Rai Evapo
Development Phase Span Max. M_in. Rad. [day) ma'Ln Trans photos | cra | phatac
Days € mm -
y C MJm hr mm yntll o ynth Growth
Em~rg(.."lce-End 0.02
TR 25 24.8 15.6 12.2 10.81 264 61.1 0.014 > 0.398 0.270
End Juvcnil-Pallicl
o 9 275 17.7 12.3 11.11 3.6 235 0.000 0.00 0.290 0.173
Panicllllition-End ” 334
e GroNTR 23.0 15.7 11.58 32.8 148.5 0.000 0.00 0417 0.275
End Lear Gro\\th-
8 41.6 27.0 21.7 12.05 1.2 60.3 0.000 6-66 0.01X) 0.000
Gram Filling
Phase | 13 435 28.3 24.2 12.31 5.7 91.0 0.199 %l 0.000 0.000
(b12030 | | | | | | |
_ Water $tress Nitroglan Stress
Time Temp | Temp Solar Photop Rai Evapo
Development  Phase Span Max. Min. Rad. fday] maan Trans phatas | o | o
Uudys U MJ/im
\% C JI nhr mm vnlh \th ynth Gro\\th
Emergence-End 0.000
L/ 1 —————— 27 24.8 135 9.8 10.82 188.2 564 - 0.00 0.394 0.263
End Juvenil-Panici
T 11 27.3 15.7 16.5 11.18 1.2 33.8 0.000 0.00 0.475 0.321
Panid Initiol1-End
e 33 33.0 22.0 166 11.68 69.7 1424 0.000 0.00 0410 0.268
End Leaf Gro\lth-
8 38.2 25.9 19.6 12.18 4.2 53.7 0.000 8-00 0.143 0.000
Grain Fillin
| g | 15 43.1 27.1 22.9 12.45 35 123.7 0.000 I%I 0.059 0.020




le) 2050 |

Table 4.17:

Predicted climatic parameters and stresses in different development phases of BR3

rice at Barisal region in 2008, 2030, 2050 and 2070

Wall.,'T ptress Nitrogf.."LBtress
Time Temp Tt."mp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] n Tralls Phot Gro | phot
" € —€ Varmm nr T ll1th Wh j1101 STV
| EmergenceEnd [ 5 28.1 159 131 10.89 22 51.8 0000 2001 ga72 0.324
JUvenile 5
E:‘I:oiuve”"'PamC' 10 3238 133 195 11.12 0.0 23.9 0000 | 0.00 | 0738 0.561
Panicl _Inition-End 32 37.4 20.9 20.1 11.53 16.6 167.0 0.000 | 0.00 | 0.347 0.200
Tear Grom
| End Leaf Orolth | 8 36.2 26.0 15.6 11.96 10.3 49.1 0.000 [OO0—| O.0IXI| 0.000
Be_in Grain Filling
LE%I 13 41 296 234 12.19 3.0 88.6 0.136 |%| 0000  0.000
I (d) 2070 | I I I I
| | | Water $tress Nitrogfn Stress
Time Temp Temp Solar Photop Rain Evapo
Development Pha<;c | Span Maﬁ. MII‘I\. .I?id'. [day] n Tmlls Photos | Gro | photos f———
_Eu‘yu \~4 A2 TVIOTTTT T T Illth "th Y"th DT UWLUT
Emergence-End 15 25.7 17.8 7.0 10.73 5.2 23.6 0.000 | 0.00 | 0448 0.307
Juvenile
il-Panicl
llznr:ganuvcml Panic 12 36.4 192 16.8 10.95 0.7 35.7 0.000 | 0.00 | 0.691 0.521
Pallid Initian-End
e GrowTh 32 39.5 24.0 19.0 11.41 4.6 146.7 0.000 | 0.00 | 0.210 0.154
End Leaf Gro"th-
I RSERREI 8 421 22.9 25.0 11.88 0.0 54.5 0.0m fe80— o0.000 0.000
'rrain Fillin .
| ( 9 | 18 42.1 28.4 21.4 12.20 7.9 108.9 0.000 % 0.0m 0.000

I (a) 2008 | I I I I I I
Water Btress Nitrogen Stress
Time Temp Temp Solar Pholop Rain Evapo
Development Phase Span Max. Min. Rad. [day) n Trans bhatas | cra | Dhatae
Days C C MJITm hr mm yl1lh wth j11th Growtn
Emergence-End 0.02
_ 26 25.0 143 13.0 10.90 30.0 62.8 0.012 0.484 0.334
Juvenilt:: I
n venil-Panici
Em?oiu ¢ a 10 25.7 18.2 10.0 11.21 47.9 24.1 0.000 | 0.00 | 0.036 0.0m
nid Inition-End
.%Eméﬁ_ 36 308 218 152 11.69 120 1350 | 00x) | 000 | 0123 0.021
End Leaf \rro\\th-
‘f £ e 8 33.8 25.5 16.6 12.19 1.4 39.1 00IXI | 0.00 | 0.097 0.000
Be"in Grain Fillin
in Filli
Lg:::: ing | 18 35.2 26.6 19.0 12.47 45 95.5 0000 000 0052 0.011
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i (612030 |

| Water $tress Nitrogen Stress
oevgrent | T | 0 | e | e | P | gy |G
Phasc P T o o Y. mm Photos | Gra | Photos [ Grollt |
_%yo A4 A2 TVIOTTIT L TUiJ ynth Wth ynth h
Emergence-End 2 26.1 153 116 10.89 205 5.7 0000 | 000 | 0453 | 0.306
Juvenile
il-Panicl
_W 10 2756 15.0 185 11.17 0.9 331 0000 | 000 [ 0361 | 0.214
Panid luitiol1-End
34 305 225 131 11.63 261 1002 o000 faWaYal 0299 aA240.
T : 109 - 0-00——6-382 8249
End Leaf Gro,,1h-
Begin Grain 9 32.4 25.9 14.4 12.11 14.8 35.1 0.000 000 0.000 0.000
Fimng
in Fillin
LSn'gtan—| 16 33.0 26.9 134 12.38 1.8 56.4 0.000 0.00 0.000 0.000
| (©) 2050 | | |
| Water $tress Nitrog&n Stress
Time Temp Temp Solar Photop . Evapo
Development . Rain
Phasc sPan Max. N.“n' Rad. Lbyl nllTl Trans Photos Gro Photos o
Days C C VI hr UIU ynth 1h ynth ro
l Emt.--rgence-End 0.00
Toveme 21 216 16.4 13.4 10.86 18 55.6 0000 ——| 0464 | 0318
il-Panicl
:Erﬂgoi]uvcn 9 300 15.8 15.4 11.10 1.9 18.6 0000 | 000 | 0720 | o541
Panicl Iuition-End 32 345 221 175 1152 22Q 1401 6-666 566 6257 0154
e . . 22 346-+ - 86 - -
End Leaf Grm\th-
Begin Grain g 335 25.3 14.9 11.97 8.5 37.3 0.000 | 0.00 | 0.000 0.000
Filling
Gr:';; Filling | 15 377 215 17.9 12.24 19.0 838 0000 000 O0OIX) 0000
| (d) 2070 | | |
| Water [tress Nitrogl.~ Stress
Time Temp Temp Solar Photop . Evapo
Development .
i gﬁgsee Span Max. Min. Rad. [day] li?:? TnulS Phatos | cra | Photae
| ays C C MJ/rn hr 1IN ynth \1h ynth Gro\\th
Emergence-End
TovenTe 19 28.0 19.6 10.2 10.85 9.2 45.6 0.000 0.00 0.439 0.298
venil-Panicl
WF“ 7 37.3 18.3 18.8 11.05 0.2 20.8 0.000 0.00 0.683 0.505
Panid Itlitioll-Elld
ToT GO 36 36-3 237 +8-6 42 272 1264 0006 U.00 0.226 U.169
End Leaf Growth-
Begin Grain 8 382 26.7 20.0 11.83 45.4 53.9 0.000 | 0.00 | 0000 0.000
FITTLZ
Lﬁ::s'gF'"m—gl 15 376 277 17.1 12,08 6.0 76.8 0000 000 290 1 4000
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Figure 4.1: Predicted yield ofBRJ
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Figure 4.2: Predicted yield ofBRJ and BR14 varieties of rice for Barisal
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Figure 4.3: Predicted yield ofBR3 and BRI4 varieties of rice for Jessore
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Figure 4.4: Region-wise prediction of yield ofBR3 varity of rice
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Fable—4-48—TPredjcted—rumber—ef-days—with—Fraxabeve 359C—and—Tm:rbelow—20"C—at-the
1 12 selected locations in 2008, 2030, 2050 and 2070
I | | Month | |
Location Year Janyary February MTch A;lril N]ay
T. T. T. T. T. T. T. T. T. T
viax VI Vax [\ ITA] VIaxX VN Max Min Max Min
2008 0 30 0 26 13 — 27 0 30 0
- - 2030 0 30 0 27 15 2 29 0 30 0}
Rajshahi 2050 1 27 12 23 25 5 30 0 21 0
2070 0 26 22 11 30 0 23 0 25 0
2008 0 20 0 26 3 — 26 0 27 0
Bo-ra 2030 0 30 0 25 10 2 27 0 27 Q
20S0 0 28 10 2~ 2~ [ 29 Q 18 Q
2070 0 25 17 11 30 ] 20 0 2~ 0
2008 0 30 0 29 8 6 19 0 21 0
Dinajpur 20301 0 30 1 26 6 2 17 2 21 0
20S0 0 30 7 25 27 7 29 0 17 0
2070 0 28 16 15 30 —~ 11 0 11 0
2008 0 30 0 25 2 3 11 0 15 0
M'vmensin~h 2030 0 30 0 2~ 2 [ 7 Q 15, 0
y 2050 |0 30 | 6 22 13 — 22 0 16 0
20701 O [ 25 9 16 2~ 3 18 0 16 Q
2008 0 30 0 22 7 — 26 0 29 0
Tan~ail 2030 0 30 2~ 10 2 26 0 29 0
20S0 0 28 | 8 20 22 3 27 0 22 Q
2070 0 18 17 12 28 0 20 0 2~ 0
2008 0 30 0 21 13 2 25 0 29 0
Jossor 2030 0 30 | 0 17 15 2 27 0 29 Q
20S0 [0 27 12 16 23 3 28 0 25 0
2070 0 16 23 8 30 0 29 0 27 0
2008 0 29 0 20 11 2 26 0 30 0
. 2030 0 29 1 17 0 6 1 0 30 0
satkhind =SS0 0 25 10 12 a2 710 26 0
2070 0 11 22 7 30 0O 1 23 1 0 28 0
2008 0 [ 30 [ 0 [ 21 7 = 17 0 20 0
Barisal 2030 0 30 0 22 3 i Ll 0 20 0
20S0 0 28 6 |— 19 2 25 Q 2~ 0
2070 0 1~ 19 9 H 0 I 21 1 0 22 0
[ 2008 [ 0 [ 130 0 21 8 3 20 0 22 0
Madaripur L2030 [0 30 0 22 6 — 16 [ 0 22 Q
2050 0O [ 28 T 6 T 18 [ 21 [ 3 25 0 26 0
2000 0O 18 19 11 27 0 22 0 2~ 0
2003 0 30 0 21 / 5 16 0 18 0
Chandflur L2030 |__ O 30 0 22 ~ —~ 10 0 18 0
2050 O 723 3 15 21 2 2= 0 26 0
2070 0 21 18 11 2~ 0 23 0 23 0
[ 2008 [ O [ 30 [ O T 23 [ 6 [ 5 T 16 0 20 [ 0 |
Comilla 2030 0 30 0 2= 1 6 5 0 20 0
2050 0 28 6 1/ 18 2 22 0 27 0
2070 0 H 1~ 11 27 0 23 |1 0 17 0 |
2008 (O 30_1 0 [ 27 [ © — 0 0 2 0
Sylhet 2030 |_0 30 0 25 0 7 0 0 2 Q
20S0 0 29 0 23 0 -~ 0 0 1 0
2070 0 30 0 16 2 0 6 0 6 0
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Tabte: 19 Tofatramfattdurimg—January=-May —at—12-setected—tocations—m2008,2030,2056
and 2070
Total
Location Year January Fcbru3il’ March April May Rainfall
(mm)
Rainfall Rainfall Rainfall Rainfall
Imml (mm) (mm) RI707o=1 [mm\
200S 15.S3 45.33 16.60 30.35 48.94 157 0b
- 2030 sl [ igmoa 7004 | 7100 | o056 [ cooqs
Rajshahi 1 ...
2050 223 808 | 2158 | 1763 1 18657 | 23600 |
2070 8.06 2.49 9.75 23751 195 39 4532
2008 2.59 64.45 34.62 54.56 62.64 227 86
B 2030 34.88 7838 | 121, 13235 317.00 gRA3 |
o-ra 2050 176 1172 28.74 3108 294.87 368.17
2070 6.32 253 12 47 316,49 262,24 600,05
2008 4.27 76.47 58.30 48.28 | 6887 256.19
Dinajpur 2030 19.93 30.83 158.12 105.43 277.04 591.35
2050 1.84 1028 1662 | 4168 25358 324
2070 353 0.514 10.06 29677 270,54 58141
200S 9.27 107,45 67,59 15105 260 61 596
. 2030 30.13 36.36 308.04 392.42 583.32 1350.27
Mymensin-h 2050 2.30 30.82 8158 77.60 439.09 633.69
2070 16.46 7.65 47.90 370.05 47286 | 91492 @ |
200S 12.77 782_7 %08 52.05 79.92 245,09
Tangail 2030 45.78 74.79 107.75 141.07 308.83 678.22
2050 56 1316 386 [ ooas [ oasap 31538
2070 7.52 3.36 23.47 239.60 20.96 494.91
200S 21.28 61.63 626 13.82 32.41 1354
Jessorc 2030 14.91 27.56 30.72 49.2S 72.84 195.31
2050 2.14 8.20 16.56 15.53 102.53 144.96
| 2070 | 986 | 324 12.56 156.31 11937 30134 |
200S 17.44 42.44 6.54 5.76 10.58 82 76
Satkhira 2030 11.36 33.97 118.90 151.58 31.44 347.25
2050 2.24 6.52 10.70 14.7S 81.77 116.0 |
2070 9.65 3.66 4.95 116.75 8561 220 62
200S 30.04 61.55 479 8.01 40.32 144.71
Barisal 2030 7.63 27.00 37.34 76.45 86.69 235.11
2050 3.19 19.78 20.05 16.23 89.24 148.49
2070 12.33 2.37 6.78 185.45 149 20 356 13
200S 31.46 68.55 5.02 11.75 48.04 16482
Madaripur 2030 13.55 31.21 43.52 96.57 124.74 309.59
2050 2.41 17.27 27.78 18.85 87.72 154.03
2070 13.43 1.75 9.52 185.48 142.76 352.94
2008 32.20 56.48 4.26 13.20 43.34 149.48
2030 11.66 29.00 49.67 96.40 136.33 323 06
Chandpur 2050 2.28 20.49 30.28 18.92 8350 155.47
2070 8.42 2.11 5.89 166.86 127.55 310.83
200S 26.43 80.33 15.93 17.29 60.62 200.6
Comilla 2030 28.52 33.52 119.44 138.59 167.48 487.55
2050 2.35 22.91 42.47 27.99 91.81 187.53
2070 8.54 2.78 8.54 156.00 139.8_2 315.68
200S 17.99 277.63 300.35 656.41 570.80 1823.18
S).Ihet 2030 44.43 88.54 737.52 1155.25 1290.94 3316.68
[~ 2050 | 3833 | 138m | 37293 | 467.80 853.35 1870.48
2070 69.58 47.22 252.93 850.53 1023.56 2243.82
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4.3.2.2 Impact of climate change scenarios on BR14-Rice

Table 4.20 shows predicted yield of BRI4 rice at the selected locations. It shows
reduction of yield (compared to 2008 vyield) across all locations (except Rajshahi,
Satkhira) and simulations periods. Predicted BR 14 rice yield ranged from 2334 kglha
(Rajshahi) to 5047 kglha (Dinajpur) in 2008, 2771 kglha (Rajshahi) to 4368 kglha
(Comilla) in 2030, 2392 kglha (Rajshahi) to 4240 kglha (Sylhet) in 2050 and 1148 kglha
(Rajshahi) to 2378 kglha (Sylhet) in 2070. Table 4.20 shows a significant reduction in
rice yields in future due to predicted changes in climatic condition. Compared to 2008,
predicted average yield reductions ofBRI4 variety for the 12 selected locations are about
14% for the year 2030, 25% for 2050 and 58% for 2070. Some regional variation could
be observed in the predictions (Fig. 4.4), with somewhat higher reductions predicted for

southern and southwestern regions.
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Table—4-20-—PRredictedrield—-ofBRI4—variety—ofboro—rice—{kg-ha—-at—12-selected—locations
for the years| 2008, 2030, 2050 and 2070 |
Locations Culti %99? %9_3,9 29?,9 293,9 %inc)r'];rllc? ) W?;?i;ge %inCJri]e?(T Ci
Jar Y S T for 2030 for 2080 for 2070
PPy o) PPy Pp™)
Northwestern  region
Rajshahi BRI~ | 233- 2771 2392 11~8 18.72 2.48 50.8l
Bogra BRI~ | ~306 3668 2637 1398 -1~.81 -38.75 -67.53
Dinajpur BRI~ | 5047 337~ 3023 1656 -33.p -10.10 -67.18
Central re!,~on
MJmcnsingh BRI4 | ~353 3790 3186 | 1873 -12.93 -26.80 -56.97
Tangail BRI~ | ~10~ 3883 2565 1297 5.38 375 -68.39
Southwestern  region
Jessore BRI~ | ~032 3160 3153 1305 -21.62 -21.80 -67.63
Satkhira BRI~ | 3153 3171 2~3~ | 1377 0.57 -22.80 56.32
Southern  region
Barisal BRI~ | -397 2889 2705 1-57 -3~.29 -38.48 -66.86
Madaripur BRI~ [ 3229 2606 2578 | 1~01 -19.29 -20.16 -53.82
Southeastern  region
Chandpur BRI~ | ~389 3981 2801 18H -9.29 -36.18 -58.03
Comilla BRI~ | ~678 ~368 3063 1978 -6.62 -3~.52 -57.71
Eastern region
Sylhet BRI~  ~506 376~ H~O 2378 .18.10 7.7~ -18.25



Significant decreases in yield were predicted at Barisal (34.29% in 2030), Dinajpur
(40.10% in 2050) and Tangail (68.40% in 2070). Some increases in yield were predicted
for Rajshahi and Satkhira (see Table 4.20).

Similar to BRJ, the predictions show significant reduction in yield of BR!4 for most of
the locations in the years 2030, 2050 and 2070, compared to yield of 2008. Effects of
temperature (Tmaxand Tmh,)on yield are similar to those described for BR3. Effects of
physiological maturity, solar radiation, rainfall and LA! are also similar to those
described for BR3. For example, the physiological maturity and LAI, in 2008 were 92
days and 1.28, respectively and 2070, those were 86 days and 0.83. So, physiological
maturity and LA! both decreased in 2070, which contributed to the reduced yield. The
variation of maximum and minimum temperature, solar radiation, photoperiod, rainfall,
evapotranspiration and nitrogen and water stresses in different development phases for
BRI4 for all regions are shown in Appendix B. Figure 4.5 shows region wise predicted

yield of BR 14 rice variety.
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Figure 4.5: Region-wise prediction of yield ofBR!4 variety of rice
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4.3.3 Impact of Climate Change Scenarios on 80ro yields (CO, variable)

Climate change characterized by increasing carbon dioxide and temperature and
variability in rainfall pattern, all of which can have a significant effect on crop growth,
development and vyield. In general, only increasing CO2 would have a positive impact on
agriculture. CO2 is vital for photosynthesis, and increases in CO. concentration would
increase the rate of plant growth. Photosynthesis is the net accumulation of carbohydrates
formed by the uptake of CO2, so it increases with increasing CO, A doubling of CO2
may increase the photosynthetic rate by 30 to 100%, depending on other environmental
conditions such as temperature and available moisture (Parry, 1990). More CO, enters the
leaves of plants due to the increased gradient of CO2 between the external atmosphere
and air space inside the leaves. This leads to an increase in the CO, available to the plant
for conversion into carbohydrate. The difference between photosynthesis gain and loss of

carbohydrate by respiration is the resultant growth.

Indirect effects of global climate change on rice production will also occur via ecosystem
response. Changes in weed competition, insect infestation, disease severity, nitrogen
fixation by symbiotic organisms and other components of the ecosystem due to increased
C02 and temperature could severely impact rice production. However, the direction of
these effects is unknown. For finding yield of boro rice under the variable CO2
concentrations in the period of 2008, 2030, 2050 and 2070 (compared to 2008 yield), 15
January was selected for planting date for all locations. The rate of change of atmospheric
CO2 concentration from 1994 (358 ppm) to 2005 (379 ppm) (i.e., about 1.9 ppm per year)
was used to set the CO, concentrations in the years 2030 (at 427 ppm), 2050 (at 465
ppm), and 2070 (at 503 ppm). This section briefly describes the effect of CO2 on boro
rice yield, and then explains the results of model simulations on rice yield, based on the
model simulation results. Table 4.21 shows predicted yield of BR3 at 12 selected
locations under variable (i.e., increasing) CO, concentrations. The predicted average (for
12 locations) reductions in BR3 vyield are 8.9%,18% and 48.7% for the years 2030,2050

and 2070, respectively (compared to 2008 yield). Comparing with Table 4.15, we can say
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that increasing CO2 concentrations are likely to offset only slightly the adverse effects of

rainfall on rice yield.

other climatic parameters (i.e., temperature, and solar radiation)

Figure 4.6 shows the effect of increasing CO. on yield of BR3 rice variety in lessore.

Karim et al. (1996) also reported the effect of increasing CO, on rice yield, based on

simulation results.

rice (kg ha-'y at 12 selected locations

Table 4.21: Predicted yield of BR3 variety ofboro
pr the|years , ,2050 an 70
2008 | 2030 | 2050 | 2070 | = change | 000 change | 0/0 change
Locations Cullinr | (379 | (27| (~65] (503 | inyield | inyield | in Jicld
p"m)_ ppm) ppm) ppm) 10T ZU3U IUT__ZEEU 101 ZUTU
Northwestern reg-ion
Rajshahi BRJ 3063 | ~1~1| 3366 | 1700 35.19 9.89 -~~.493
Bogra BR3 57-11 | 5115 | -1151 | 2258 -10.90 -27.69 -60.66
Dinajpur BR3 68~8 | -1868 | -1593 | 3011 | -28.01 -32.92 -56.03
Central rewon
Mymensingh BR3 5995 | 5159 | ~590 | 2973 -8.94 -2H3 -50A0
Tangail BR3 5-187 | 5301 | -1087 | 2066 -3.38 -25.51 -62.3-1
[~ SOUTNWESTErn regimn
Tessorc BRY 5571 | 4546 | 4717 | 2157 | -18.39 -15.32 -61.28
Satkhira BR3 | 4700 | 4463 | 3815 | 2283 | -5.04 -18.82 -51A2
Southern region
Barisal BR3 60-13 | -1097 | -11-10 | 3453 -32.20 -31.-19 -12.85
Madaripur BR3 4582 | 4099 | 3787 | 2410 -W.5-1 -17.35 -17.40
Southeastern region
Chanadpar BRJ 5975 1 5000 | -1225 | 3118 -5.27 -29.28 -17.81
comilia BR3 0115 | 6207 | 4468 | 3309 1.50 -26.93 -15.88
[ Castertr regron
Syttt BRJ 5960 5301 6063 3920 -11.05 1.72 -34.22

Table 4.22 shows predicted vyield of BRI4 rice variety at 12 selected
The predicted

years under
reductions

2070, respectively.
concentrations

parameters

variety in lessore.

Comparing

increasing CO concentrations.
in BRI4 vyield to 11.64%, 21.62% and 53.72% for the years 2030, 2050 and

with Table 4.20,

are likely to offset only slightly
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the adverse

average

say that

effects of other

increasing

on rice yield. Figure 4.7 shows effect of increasing CO, on yield ofBRI4

locations for future

(for 12 locations)

co,

climatic

rice




Table 4.22: Predicted yield ofBRI4 variety ofboro rice (kg ha-'y at 12 selected locations

tbr thg vears A00c , 2050 |, 205D and 2070
2008 | 2030 | 2050 | 2070 | » change | 0/0 change | 0/0 chan~
Locations Cultinlr | (379 | (427 | (465 | (503 | in Jield in Jield in Jield
Ppm) ) Ppm) ppm) for—2636 for—2056 for—2070
Northn'cstern region
Rajshahi BRI4 2334 2912 2478 1216 24.76 6.16 -47.90
Bogra BRI4 4306 3772 2813 1467 -12.40 -34.67 -65.93
Dinajpur BRI4 5047 3459 3255 1864 -31.46 -35.50 -63.06
Central region
Mymensingb BRI4 4353 3940 3189 2074 -9.48 -26.74 -52.35
Tangail BRI14 4104 3847 2744 1341 -6.26 -33.13 -67.32
Southwestern  region
Jessorc BRI4 4032 3179 3287 1448 -21.15 -18.47 -64.08
Satkhira BRI4 3153 3250 2633 1527 3.07 -16.49 -51.56
Southern  region
Barisal BRI4 4397 2952 2808 2257 -32.86 -36.13 -48.66
Madaripur BR14 3229 2662 2666 1626 -17.55 -17.43 -49.64
Southeastern region
Chandpur BRI4 4389 4151 2975 2027 -5.42 -32.21 -53.81
Comilla BR14 4678 4256 3053 2249 -9.02 -34.73 -51.92
Eastern region
Sylhet BRI4 4596 3915 4518 2603 -14.81 -1.69 -43.36
6000 YT
i
5000 i
4000
1
C>
~ 3000
2000
1000 ~ Rice Yield (379 ppm)
—_ Rice Yield (379. 427. 465. 503 ppm)
0
2008 2030 2050 2070

Year

Figure 4.6: Predicted yield ofBR3 rice in Jessore at different atmospheric CO,
concentrations
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Figure 4.7: Predicted yield ofBR14 rice in Jessore at different atmospheric CO,
concentrations
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Figure 4.8: Predicted yield ofBR14 rice in Satkhira at different atmospheric CO,
concentrations
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4.3.4 Sensitivity of Yield to Climatic Parameters

The effect of warming on agriculture in developing countries s uncertain, so it is
essential to understand the climatic factors which will playa significant yield reduction
for rice production in future. It is also necessary to develop new verities of rice which can
tolerate this climatic condition easily for upcoming year. There are many climatic factors
relate to rice production but some climatic factors have a significant role such as daily

maximum and minimum temperature, rainfall, solar radiation and CO.

For this reason,
the climatic parameters used in the model are daily maximum temperature (Tmax),daily

minimum temperature (Tmin),daily solar radiation (Srad) and daily precipitation (Rain).

In order to assess relative importance of different climatic parameters (i.e., Tmax,Tmin,Scad
and Rainfall) on predicted rice yield, sensitivity analysis was carried out by predicting
BR3 rice yield for selected locations using predicted climatic parameters for the years
2008 and 2070 changing one parameter at a time. As reported -earlier (Table 4.15)
predicted yield of BR3 decreased from 6043 kg ha-' in 2008 to 2091 kg ha-' in 2070.

Table 4.23 and Fig 4.9 show the results of the sensitivity analysis.

TaDie 423 [SeTSMIvVIty OfBIRs  yield at thansa 1 on ciimaic parameters |
Tm~-2008 T~- 2070 | +mn 2008 Tm~-2008 Tmac2008 T~-2070
T~=2008 Tmm=2008 | Tmin2070 T"==2008 Tmin2008  Tmin2070
Srad=2008 Srad=2003 [ Srad=2003 Srad=207/0 Srad=2008 Srad=2070
Rarn=2008 Rain=2008 | Rain=2008— R.1in=22008 Rain=20/0 R.1in=22070
Riceyield
e }t’a_.) 60~3 ~160 5039 67\~ ~35~ 209\

Table 4.23 shows sensitivity of BR3 yield to climatic parameters at Barisal. Table 4.23
shows that Tmaxhas the most significant negative impact on rice yield, followed by
Rainfall, and Tmin;predicted solar radiation on the other hand has some positive effect on
yield. Analysis of predicted temperatures (see Fig. 4.10) shows that average Tmaxduring
January-May (i.e., rice growing season) for 2008 and 2070 are 30.7 and 35.I°C,

respectively; this significant increase resulted in a reduction of about 31% in the yield of
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BR3 rice. Average Tminduring this period for 2008 and 2070 were 21.5 °c and 25.2 nc,
which caused a reduction of 17% in the predicted yield. Average solar radiation in 2008
and 2070 are 15.37 and 16.71 MJ/m?/day, respectively and this increase in solar radiation

actually increases the predicted yield by about 11%.

Table 4.23 shows significant negative effect of rainfall on BR3 rice yield. Since a fixed
irrigation schedule (855 mm in 14 applications) was used in all model simulations,
change in rainfall would affect predicted yield by changing availability of water. Analysis
of predicted rainfall data (see Fig. 4.10) shows total rainfall (during January to May) of
144.6 mm and 356.1 mm for 2008 and 2070, respectively. So, total water available from
rainfall was higher in 2070. However, a closer look shows that in 2008, significant
rainfall (96.3 mm) is predicted during January to March, which represent the vegetative
phase and a part of reproductive phase of rice plant and during which water requirement
is the highest. In 2070 only 21.6 mm rainfall is predicted for this critical growth phase; on
the other hand relatively high rainfall of 334.5 mm is predicted for April-May, when
water requirement is not significant. This variation in rainfall pattern is responsible for
the predicted reduction in rice yield in 2070. However, in theory, this reduction in yield
may be avoided by applying additional irrigation during the early stages of growth.
Depending on predicted changes in rainfall pattern, the effect of rainfall on yield for other
locations could be different. Table 4.24 shows sensitivity of BR3 yield to climatic

parameters at Dinajpur, Mymensingh, Jessore and Comilla.

Table 4.24: Sensitivity ofBR3 yield under climatic parameters (Tmax,Tmin,Smdand

Rainfall)
[ (a Dina; |ur | | | | | |
| | T_-2008 | T_-2070 | T_-2008 | Tn~ 2008 | Tma- 2008 | T"~- 2070 |
T" = 2008 T" =2008S T =2070 T in=2008 T in=2008 T..= 2070

Srad= 2008 Srad= 2008 Smd=_2008 Smd=_2070 Srad=_200S Srad=_2070
Rain= 2008 Rain= 2008 Rain=_2008 Rain=_2008 Rain=_2070 Rain=_2070

Rice vield roro coaa ras
k. ha) 6845 4224 5921 6936 5440 2692
% Change

in yicld - 38.32 -13.53 +1.20 - 20.56 -60.68
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(b) Mvmen$in"h
Tm~= 2008 Tm~= 2070 Tm~= 2008 Tm,,= 2008 Tm,- 2008 T,== 2070
Tmm—’)nﬂQ Tm.’— 2008 Tmm—’)n7ﬁ Tmm—’)n{'\Q Tmm—')ﬁnQ T|||;||_2n7n
Srad= 2008 Srad= 2008 Srad= 2008 Srad=_ 2070 Srad=_2008 Srad=_ 2070
Rain= 2008 Rain=_2008 Rain=_2008 Rain=_2008 Raill=_2070 R.in=—2070
% 5995 U32 5880 6641 4357 2739
0/0 Change
i yield - 29.40 -1.92 + 10.78 - 27.33 - 54.31
(c) Jessore
T.~- 2008 Tm~- 2070 T=,- 2008 Tm~- 2008 T,.- 2008 T - 2070
Trm=2008 T,=_2008 T = 2070 T..=2008 Trmm=2008 Tram=2070
Srad= 2008 Srad= 2008 Srad= 2008 Srad= 2070 Srad= 2008 Smd= 2070
Rain= 2008 Raill=_2008 Rain=_2008 Rain=_2008 Rain=_2070 Rain=_2070
Rice 'ield J— .:
L) 55+ 2780 4971 6665 4297 1997
0/0 Change
in —ehd - 50.10 - 10.77 1964 - 22.86 - 64.15
[ 1dl Comillq [ |
T - 2008 Tm,,- 2070 Tm~- 2008 T_-2008 T._- 2008 T - 2070
Tmm=2008 Trmm=2008 T.=—2070 Trm=2008 Trm=2008 Trmi-=2070
Srad= 2008 Srad= 2008 Srad= 2008 Srad= 2070 Srad=_ 2008 Srad=_2070
Rain= 2008 Rain= 2008 Rain= 2008 Rain= 2008 Raill= 2070 Rain= 2070
Rice eld
6115 +364 —3075—
Tﬁ )] & 4133 5082 4738
% Change
in Yield -32.42 - 16.90 + 1944 -22.52 -49.71

Similar to BR3, sensitivity analysis was also carried out by predicting BRI4 rice yield for

selected

changing one parameter at a time.

locations using predicted

climatic parameters

lor the years 2008 and 2070,

As reported earlier (Table 4,20), predicted vyield of

BR14 decreased from 4397 kg ha'l in 2008 to 1457 kg ha,l in 2070. Table 4.25 shows the

results of the sensitivity analysis for BarisaL Table 4.27 shows the predicted of monthly

average maximum and minimum temperature;

solar radiation and rainfall

at BarisaL

Predicted climatic parameters for other regions are given in Appendix B. Like BR3,

similar yield reductions were also predicted for BR 14 rice, Tmaxcontributed to 28.7%

yield reduction, 19% for Tm;n,29,5% for rainfall and slightly rice yield increased for solar

radiation about 12.5%. Similar results were also obtained for other regions (see Table

4.26.
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i | l'able 425 tiensllt vllv OfE'fRI4

Vield at |'3'ansa Fon crlmeitlc oarametersi

Tm.,- 2008 T,=- 2070 T=,- 2008 T=,- 2008 Tm.,- 2008 T - 2070
Tm,,= 2008 Tmm=2008 Tmm=2070 Tmin=_2008 Tmin=2008 Toin= 2070
Srad= 2008 Srad= 2008 Srad= 2008 Srad= 2070 Srad= 2008 Srad=_2070
| Rain= 2008 R.lin= 2008 Rain= 2008 Rain= 2008 Rain= 2070 R.lin= 2070
Rice ,lield ~397 313~ 356~ ~950 3\01 1-57
(k" ha™
Table 4.26: Sensitivity = ofBR14  yield under climatic parameters
(a) Dinai, |ur
Tm~= 2008 Tma.\(=2070 Tmnax= 2008 T,m,= 2008 T",.,= 2008 Tma.x=2070
Tmm=2008 Tmm=2008 Tmm=2070 Tmm=2008 Tou=2008 Im = 2070
Srad= 2008 Srad= 2008 Srad= 2008 Srad= 2070 Srad= 2008 Srad= 2070
Rain= 2008 Rain=_2008 Rain= 2008 Rain= 2008 Rain=_2070 Rain= 2070
Rice )Ield CO~7 alede] LoLl ~ 1606
CTRED) / 2900 2H 012 1656
% Change
in )icld - 42.5~ - 19.00 +390 - 20,50 -67.18
i () Mvmei15|n"h | | | | |
| T- 2008 | Tm~ 2070 | T,= 2008 | Tm.- 2008 | T=- 2008 | Tm.- 2070 |
Tmm—2008 mim——2008. Tmm—’)n7ﬂ Tm”— 2008 T,r‘.ﬂ_ 2008 T”“”—zn7n
Srad=_2008 Srad=_2008 Srad=_2008 Srad=_ 2070 Srad=_2008 Srad= 2070
Rain= 2008 | R.lin=2008 | Rain= 2008 R.lin= 2008 R.lin= 2070 Rain=_2070
RiCE‘ )‘ICId 202 ~ (a1~} [HITaY 2061 1979
kg ) 298 950 HHO 3664 1873
% Change
in Jield - 32.27 - 6.96 + 131 - 29.68 - 56,97
(c) Jessore
T,=- 2008 T - 2070 T - 2008 T,== 2008 Tm,- 2008 Tm,,= 2070
Tmin_’)nng Tmm_oan Tmul_ 2070 TIIIIII_2an TIIIIII_2an T — 2070
Srad= 2008 Srad= 2008 Srad= 2008 Srad= 2070 Srad=_ 2008 Smd=_ 2070
Rain= 2008 | Rain= 2008 | Rain= 2008 | Rain= 2008 Rain=_2070 Rain=_2070
le'(‘;e g'c')d 632 2109 3588 5732 3131 5
% Change
in Jield -~1.7 - 1101 +29.76 -22.35 -67.63
[ (I Comilld | | | |
| | Tmec 2008 | T_-2070 | Tmac 2008 | Ton= 2008 | Towe 2008 | Tm,= 2070
Trm=2008 Trm=2008 Tmm—7n7n Tm”— 2008 Tmm=2008 T”I”— 2070
Smd= 2008 Srad= 2008 Srad= 2008 Srad=_ 2070 Srad=_2008 Srad=_2070
Rain=_2008 R.1lin= 2008 Rain=_2008 Rain=_2008 Rain=_2070 Rain=_2070
Rice )ield
678 ~ 5~68 ~ ——1878——
(kg ha) 30~9 3679 5~68 330
% Change
in Yield - 3~,82 - 21.36 + 16.90 - 29.37 -57.71
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Figure 4.10: Variation ofT max and Rainfall during January-May in 2008 and 2070
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Figure 4.9: Sensitivity analysis for percentage change in BR3 yield
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Table 4.27: Monthly average maximum and minimum temperature, solar radiation and

raintall at barisal In Z2U0s, ZUsU, ZUSU and ZU/U
2008, Barispl
Month Tmax ("C) Tmin ("C) Srad (MJ/m-/day) Rainfall (mm)
January 23.94 12.36 12.67 1
February 26.5 18.36 10.72 2.05
March 32.5 23.13 17.07 0.16
April 34.78 26.1 17.71 0.27
Mav 35.92 27.65 18.66 1.34
December 23.17 10.83 13.71 0.11
Average 29.47 19.74 15.09 0.82
2030, Barispl
Month Tmax ("C) Tmin ("C) Srad (MJ/m'/dav) Rainfall (mm)
January 23.94 12.84 13.31 0.25
February 28.10 18.22 14.29 0.90
March 31.49 24.01 13.80 1.24
April 33.48 27.25 14.80 2.55
Mav 35.92 28.43 18.74 2.88
December 25.79 10.91 16.43 0.00
Average 29.79 20.28 15.23 1.3
2050, Barispl
Month Tmax (0C) Tmin ("C) Srad (MJ/m'/dav) Rainfall (mm)
January 25.90 14.10 13.20 3.20
February 31.93 19.05 16.10 19.78
March 35.27 24.39 16.99 0.70
April 37.88 28.29 20.05 0.54
Mav 37.20 29.46 16.35 2.97
December 28.05 15.21 13.97 0.05
Average 32.71 21.75 16.11 4.54
2070, Barispl
Month Tmax ("C) Tmin ("C) Srad (MJ/m'/day) Rainfall (mm)
January 28 195 9.77 0.411
February 35.8 21.4 17.55 0.08
March 37.63 26.8 18.27 0.23
April 36.9 28.31 18.86 6.18
Mav 37.23 30.1 19.1 4.97
December 28.20 15.10 15.31 0.01
Average 33.96 23.54 16.48 1.98
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4.3.5 Impact of Transplanting Date on Rice Yield

Planting date can have a significant effect on crop development and yield. It is important
to assess how rice cultivars respond to different planting dates. The effect of planting date
on rice yield was assessed by setting the planting date on 1, 5, 15 and 25 January and

simulating yield for each case.

4.35.1 Impact of Transplanting date for BR3-Rice

Table 4.28 shows predicted yield of BR3 for different planting dates for the 12 selected
locations. It is noticeable that these are regional variation in rice vyield response to
transplanting dates. First January is the most productive time for transplanting in the
northwestern, southwestern, southeastern regions in 2008 but 5 January for the central
and 15 January for the southern and eastern regions in Bangladesh. Some variations
within a particular region were also observed. For example, 5 January is the most suitable
transplanting time for Rajshahi district and 15 January for Dinajpur district, but over all 1
January is the most effective for the northwestern region in 2008. In 2030, the most
productive time is 5 January for all regions in Bangladesh except central region (I
January). In general, the predictions indicate significant reduction in rice yield for
delayed planting, especially beyond 15 January. For example, for planting date 25
January the over all yield reduction was 8.6 to 29% in 2008 and 18 to 38 % in 2030

(compared to yield for planting date of 1January).

The effect of planting date appears to be more pronounced for the years 2050 and 2070.
Also the predicted vyields appear to show more pronounced effect of planting data for
locations in northwestern and central regions. For example, for planting dates of 15 and
25 January, the average reduction in yield (compared to yield for planting date of 1
January) for the three locations in northwestern region (i.e., Rajshahi, Bogra and
Dinajpur) are 23% and 40%, respectively for the year 2050; and 35% and 41%,
respectively for the year 2070.
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| Table 4.28: Predictyd yield ofBR3 (kg hd- for different plantin | dates
200" 2030 ZUSH 2Q70
Lot ) SIS [ |, | S | B | & ST BT [ [ T [ IS S
Northwesh.'T11
Rajshahi 4310 4847 3063 | 2020 | 5305| 60s6 | 4083 | 2907 | 4498 | 4216 | 3265 | 2417 2589 2035| 1185] 1662
Bogra 6430 6063 | 5741 | 4538 | 6205] 5960| 5110 | 4162 | 5435 a3s2 | 4070 | 2181 | 3492 2684 | 2036 1961
Dinajpur 6071 5186| 6848 | 5357 | 6419 7063| 4824 | 4586 | 5338 | 5085 | 4364 | 3913 | 3929 za01 | 2692 | 2290
Central
ifymensingh | 5599 5808 | 5995 [ 5595 | 5985| 5977| 5275 3652 | 4634 | 5181 4.5 | 4044 | 4550 4235 2739 | 2856
T Ulgail 6141 6039 | 5487 | 4733 | 6419 5963| 5160| 3908 | 5425| 4302 | 3874 | 3269 | 3444 2662 193¢ | 1763
Southwestern
Jessore 5235 4929 | 5571 | 4851 | 4956 | 4808 | 4432 | 4187 | 4785 | 4313 | 4583 | 3342 | 2794 2602 | 1007 | 1857
Satkhira 5002 4660 | 4700 | 3803 | 4865 | 5630| 4364 | 3608 | 4377 | 4001 | 3603 | 3481 | 2955 2621 | 2066 | 1966
Southern
Bansal 5850 4603 | 6043 | 4618 | 4300 | 5686| 4006 | 3798 | 4924 | 4250 | 3972 | 4246 | 3041 3732| 3084 | 2546
Madaripur 4630 3389 | 4582 | 4205 | 4121 | 5174 4027 | 3070 | 4030 | 4193 | 3647 | 3812 | 3450 3499 | 2186 | 2238
Soulheast .am
Chandpur 6417 6025| s975 | sa62 | 4475 5949| 5455 3993 | 5130 | 4ess | 4030 | 4422 | 3999 4123 | 2772 | 2629
Comilla 7034 6400 | 6115 [ 5623 | bb4db| 6188 | 5987 | 4110 | 5095 | 4s7a | 4456 | 4401 | 4130 4248 | 3075 | 2/98
Ea."lcrn
Sylhet s7o7 5559 s060 5299 5308 5425 5117 4300 6007 5511 5750 5032 4885 4546 3595 4756
Among the climatic factors, daily maximum and minimum  temperatures changes  most
significantly ~ due to changes in planting date. For example, in Dinajpur district in 2070, it
is observed  that the maximum  temperature in Emergence-End Juvenile, ~ End Juvenil-
Pancillnition, Panicl Inition-End  Leaf Growth, End Leaf Growth Begin Grain Filling and
Grain  Filling phase are 28.00C, 29.6°C, 36.90C, 405%  and 40.90C, respectively ~ for |
January planting  date, respectively. On the other hand, if planting date is shifted to 25
January  these values are 33.50C, 34.4°C, 39.50C, 41.50C and 37.80C, respectively.
Minimum  temperatures ~ for IJanuary of those phases are 15.6°C, 17.70C, ZO.SOC, 27.0°C
and 23.30C, respectively ~ whereas  for 25 planting date, the corresponding values are
17.8°C, 18.4°C, 23.90C, 23.30C and 28.3°C. Thus, there are significant variations in
maximum  and minimum  temperature depending  on planting date. Similarly at Satkhira
for BRJ, the maximum  temperature in  Emergence-End Juvenile,  End  Juvenil-Pancil
Inition, Panicl Inition-End  Leaf Growth, End Leaf Growth Begin Grain Filling and Grain
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Filling phases are 30.3°C, 29.2°C, 36.4°C, 40.5°C and 41.2°C, respectively, for Is January
planting in 2070. For 25 January planting these values are 34.5°C, 36.1°C, 39.9°C, 40.6°C

and 40.9°C. Minimum temperatures of these phases are 20.0°C,20.IOC,

and 27.2°C, respectively,
values are 20.4°C, 21.3°C, 26.0°C, 27.0°C and 28.8°C. There are also high fluctuations of

rainfall

and solar radiation

22.4°C, 24.6°C

for | January planting; whereas for 25 January planting these

in these phases. Tables 4.29 and 4.30 show the climatic

parameters and stresses in different development phases of BR3 at Oinajpur and Satkhira

regions for | and 25 January planting date in the year 2070.

Table 4.29. (a): Cllimate parameters and stresses in different development phases quRS

rice at Qinaiour Yor T Janupry m 2070

| | Water {Irc$S Nitrogl.'|Il  Strcs....s
Time Temp  Temp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [daYl mm Trans photos | GTO | Photos e
| Days e oo N T oM Y0, [ wih | juus Frotith
0.03
: 22 28.0 15.6 12.9 1052 15 53.6 0.003 0.420 0.284
Juvenile 1
'IEU?. JUvcnilEanic 9 206 17.7 14.8 10.73 1.9 186 0000 | 00 | 0.668 0.493
nition
Panid_Inition-End 33 369 205 18.7 11.16 16 1666 | 0000 | 00 | 0137 [ o071
Leaf Growth
| End | eaf Grovth- |
- — 7 405 27.0 20.9 11.63 1.8 50.2 0.000 80— 0.000 0000
Begin Grain Filling
[ Grain Filling I 40.9 233 23.2 11.95 3.0 1287 0047 %% § 0002 0.000
Phase 18 ' ' ' ' I_S_I
i Table 4 ZQI (b): Climate parameters and stresses in rifferentl developn}ent phases ofBR3
| | Fice at g mamur Tbr 25 Janjarv Tn 4070 |
| | | | Water tress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. I\/M Rad. [daY! ol Trans Photos | ero | Photos b
Udyb b hd IVIJITH LLLl T Jllth Wlh J”th 3
. 0.05
< 16 335 17.8 16.9 10.83 1.9 48.2 0.020 0.370 0.184
Juvenile 8
End Juwnil-Panicl 8 344 184 17.8 11.07 0.0 251 0000 | 00 | 063 | 0465
Hlitioll
Panicl Inilian-End 30 395 23.9 20.7 1152 38 1519 | 0000 | 00 | 0.280 0.215
Leaf Grov.th
End Leaf Growi, 9 415 233 24.0 12.02 25 62.5 0000 | 00 | 0.000 0.000
Begin Grain Filling
| SJZ';; Filling I 15 378 283 184 1233 714 81.2 0000 00  ©0D0 0000
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Table 4.30 (a): Climate parameters and stresses in different development

phases 0fBR3

Lo

noao At S A+l s N 1 |l'\|f\lll'Fl JARWAN)
LILAYAY2 Ul M ULTMTTIT A Ul < vauriugrv L= LI
| Water tress Nitrogén Stress
[ Time | Temp | Temp Solar Photop Rain Evapo
| Development  Phase Sﬁpan Mriix. M.In. Rad. [deI o Trans Photas o Photos S
| Ddys [ U _UJJmE | L TTUrl ynlh "th ynlh
|
Emergence-End 0.07
17 303 | 200 =118 = 1068 7.8 41.9 _ . .
S 0019 (= 0293 0.154
mw 9 202 | 201 =118 = 1082 0.9 213 0.000 |o000 | 0473 0.318
izg;dG:!{{'fﬁ'End 31 364 | 224 p=160 = 1115 45 1354 | 0000 |o000 | 0176 0.119
Eg rl]‘ :anzF\:VIJ:\- 8 405 246 =216 = 1154 0.1 54.1 0.000 oo 0.000 0.000
|Grain Filling | 412 272 | | | 0.04 |
Phace 17 . . 215 11.81 22 ue4  ooar |77 1 000 0.000

Table 4.30 (b): Climate parameters and stresses in different develop

ent  phases (I)fBRS

i fice at $atkmira Tgr 25 Janugrv 1 F070

Water Pptress Nitroden Stress
Time | Temp  Temp Solar Photop Rain Evapo
Development  Pha.<ic | Span | Max. Min. R;g. [daYl | Trans | protos | G1'0l Pholo
v L W nr nun ynth [_wih | ynth | O™
Emergence-End 0.00
ToverTe 15 345 20.4 15.3 10.97 10 44.4 0.000 7] 0314 0.175
—-Eﬂﬁjj“mﬂmm— 7 36.1 213 18.1 11.16 05 25.6 0000 [ 0.00 | 0.409 0.254
Panictinition End 30 39.9 26.0 19.2 11.54 3.7 153.1 0.000 [ 0.00 | 0274 0.181
Leaf Gro\\lh
End | eaf Gro\lh- 8 40.6 0.0(XI
Beom Grain Fillig . 27.0 211 11.96 2.0 53.3 0.000 | 0.00 | 0.000 0
rain Fillin
ISh:se g | 16 409 288 217 12.23 26 1030 0000 000 0000  0.000
Nitrogen stress was comparatively  lower for 1 January planting than 25 and it was
reflected in model output sheet clearly (Tables 4.29 and 4.30). High nitrogen stresses in
some development phases are the main causes of yield variations between those two
planting dates. Rice plant loses a significant amount of volatile N in conjaction with the

transpirational ~ water vapour. These are marked differences

from 30 to 35°C (for 5°C) greatly

among rice cultivars. The increase in temperature

increases the rate of volatile N loss. Within a maturity group,
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loss among cultivars depends on their relative sensitivity to temperature variation (Stutte
and da Silva, 1981). The physiological maturity and leaf area index (LAI) for BR3 for I
January planting are 90 days and 1.93; for 25 January planting, these are 79 days and
1.07 at Dinajpur district in 2070. At Satkhira in 2070, these are 83 days and 1.59 for |
January planting and 77 days and 1.09 for 25 January planting. The shorter the
physiological maturity (day) with lower percentage of productive tillers was associated
with a smaller number of spikelets per unit area, which was attributed of the lower yield.
Relatively higher LAI for earlier planting (i.e., | January planting) ultimately contributed

towards higher rice yield.

4.3.5.2 Impact of climate change scenarios on Transplanting date for BR14-Rice

Table 4.31 shows predicted yield ofBRI4 for different planting dates for the 12 selected
locations. It shows regional variation of rice yield response to transplanting date. |
January is the most productive time for transplanting in the northwestern, southwestern,
southern and southeastern regions in 2008 but 15 January for the central and eastern
regions in Bangladesh. Some location variations within a particular region were also
observed in same regions. For example,S January is most suitable transplanting time for
Rajshahi district and 15 January for Dinajpur district, but overall | January was the most
effective time for the northwestern region in 2008. In 2030, the most productive time is 5
January for all regions in Bangladesh except central and eastern region (I January). In
general, the predictions indicate significant reduction in rice yield for delayed planting,
especially beyond 15 January. It appears that | to 15 January is the most effective time
for BRI4 rice transplanting in 2008 and 2030 for future. Rice yield significantly reduced
for transplanting on 25 January. For example, for planting date of25 January (compared
to yield for planting date of I January) the overall yield reduction was 6% (eastern) to
32% (northwestern) in 2008 and 7% (southern) to 37 % (northwestern) in 2030 for BRIA4.
The effect of planting date appears to be more pronounced for the years 2050 and 2070.
First January would be the most productive time for transplanting compared to 5, 15 and

25 January. Also the predicted yields appear to show more pronounced effect of planting
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data for locations in northwestern and central regions. For example, for planting date 25
January, the average reduction in yield (compared to yield for planting date of | January)
for all regions are 9.8% (southern) to 41% (northwestern) for the year 2050; and 29%

(southeastern) to 37% (northwestern) for the year 2070.

| Table 4.31: Predigted vield of BRI4 (kg |ha-") for different olantihg dates

2008 2020 2050 2076
| O<'lttion
| 5" 15" 25" | 5" ts 25" " 5" 1sul 25 y 5" 15" 25"
Northwestern
Raj!>hahi 2744 3362 | 2334 | 1125 | 3726 | 4225 | 2771 | 1673 | 3269 | 2810 | 2392 | 1750 | 1724 | 1651 | 1148 1076
Bogra 4794 4093 | 4306 | 3534 | 4523 | 4324 | 3668 | 3195 | 3968 | 2879 | 2637 | 2135 | 2050 | 1907 | 1398 | 1223
Dinajpur 4614 3452 | 5047 | 4045 | 4677 | 4927 | 3374 | 3461 | 3977 | 3354 | 3023 | 2715 | 2130 | 2136 | 1656 | 1417
Central
~1}mensingh | 4171 4264 | 4353 | 4263 | 4326 | 4340 | 3790 | 2919 | 3435 | 3503 | 3186 | 3628 | 2770 | 2749 | 1873 | 1923
Tangail 4195 397) 4104 3388 4607 4413 | 3883 | ~3043 | 3913 2741 2565 | 2171 2088 1703 1297 1182
Southwc!'ol ez
Jessorc 3783 3247 | 4032 | 3690 | 3420 | 3395 | 3160 | 3060 | 3033 | 2855 | 3153 | 2413 | 1853 | 1720 | 1305 | 1297
Satkhira 3527 3055 | 3153 | 2967 | 3323 | 4277 | 3171 2597 | 2855 | 2763 | 2434 | 2406 | 1924 | 1606 | 1377 | 1309
Soulhem
Bansal 4382 3127 | 4397 | 4031 | 2963 | 4001 | 2889 | 3029 | 3510 | 2800 | 2705 | 2798 | 2481 2546 | 2001 | 1674
Madaripur 3372 2323 | 3229 | 3088 | 2858 | 3614 | 2606 | 2383 2745 | 2869 | 2578 | 2762 | 2274 | 2357 | 1491 | 1534
Southeastern
Ch:mdpur 4664 3902 | 4389 | 4243 | 3158 | 4243 | 3981 | 3171 | 3644 | 2862 | 2801 3163 | 2461 | 2675 | 1842 | 1770
Comilla 4964 3884 | 4678 | 4507 | 4887 | 4916 4368 | 3293 | 3639 | 3345 | 3063 | 3187 | 2598 | 2790 1978 | 1827
u<:tcm
Sylhct 4252 4257 4596 4000 4394 4131 3764 3281 4493 3793 4240 3813 3255 2875 2378 3470

As in the case for BR3,

daily maxImum and minlmum temperatures

have the most

significant role with regard to changes in planting date and hence on predicted yield. For
example, in Dinajpur in 2070, the maximum temperatures in Emergence-End Juvenile,
End Juvenil-Pancil Inition, Panicl Inition-End Leaf Growth, End Leaf Growth Begin
Grain Filling and Grain Filling phases are 29.4°C, 26.4°C, 35.7°C, 38.6°C and 41.3°C,
respectively, for 1 January planting whereas in 25 January planting these values are
31.5°C, 36.]oC, 39.5°C, 41.5°C and 36.3°C. Minimum temperatures of these phases are
15.6°C, 15.6°C, 19.7°C, 25.5°C and 23.6°C, respectively, for | January planting whereas
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for 25 January planting these values are 16.8°C, 19.1°C, 23.9°C,

Thus, there are significant variations of maximum and minimum

23.0°C and 27.7°C.

temperature

during

different development phases due to change the planting date. Tables 4.32 and 4.33 show

the climatic parameters and stresses in different development phases ofBR14

at Dinajpur

and Satkhira regions for 1 and 25 January planting date in the year 2070. Effect of

planting date on physiological ~ maturity, LAl and hence vyield are similar to these
observed for BR3.
; Tahle A’%?I (a\ Climate parameters and cm:::pc in different Idp\/plnpmplm Inhaqpq fBRI14
[ [ nee at P'malOur [or T Janugry m 407V [
Water $tress Nitroggn  Stress
Time | Temp| TI~np| Solar Photop Rain Evapo
Development Phase | Spon | Max. | Min. Rad. [daYl [ &% Tran'S | ppotos| Gro LPhotos
Days C C MJ/m? nr TITITT JL1th XV ynth Grov.th
Emergence-End 0.02
— 14 29.4 15.6 14.2 10.47 0.1 35.9 0.000 3 0.3R8 0.238
E}?ﬁoiu"m”'%“'c' 12 26.4 15.6 121 10.62 14 25.1 0.000 | 0.00 | 0.603 0.432
Ej;'cg'r‘;f\'f:{”d 33 35.7 197 178 11.05 24 1418 0000 | 0.00 | 0.206 0.157
Eggnl‘%argﬁrg”mb 8 38.6 255 20.5 11.52 1.1 49.8 0.000 [660—| 0.020 0.000
| Shra'” Filling I 20 413 236 233 11.8R 47 139.1 0033 | % | o000 0.000
ase 2
| Table 432|(b)' Climate parameters and stresses in different Idr—zvelopm nt phases ofBRI4
1 £
[ [ nee at Y malPur "or 25 January m P070
Waler [Stress |  Nitroden Stress
Time | Temp Tem Solar Photo .
Developmenl Span Maxp Minp Rad Ida )p Rain Evapo
Phase ax. Aln. d._ 1ay i rans | photo | Gro [ Pholo ——rrm
dys U v IVIJ/TTI MNr mm Synth \\1h Synth OITUNLT
Emergencc-End 0.05
— 12 315 16.8 16.4 111.79 1.9 36.2 0.002 7 0.373 0225
End Juvenil-Panicl
e 12 36.1 19.1 18.0 11.03 0.0 33.9 0.000 | 0.00 | 0.610 0.444
Panid Initiol1-End
TN 30 39.5 23.9 20.7 11.52 3.8 137.7 0.000 | 0.00 | 0.282 0221
EndLearGro"th-
RS 8 415 230 24.2 12.01 0.0 51.4 0.0m | ooo | 0.000 0.0IXI
GrainFillin
|r,-” = 9 I 20 36.3 277 15.R 12.36 264.6 R8.5 0.0m o000 0.0m 0.000
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. Table 4.33 (a): Climate parameters and stresses in different development phases ofBRI4 .
[ [ nee at [atkMra fior I Janugrv 1n 2D70
| | Water $tress Nitrogdn Stress
Time Temp Temp Solar Photop Rain Evapo

Development  Pha<;e Span Mnax. Mnln. Rad. [day] m Trans photos | Gro | Photos s
| Days C C ViJIm nr mim )11 1h Yith GTOWt
_cmergence-tnd___| :

Emergence-End T 312 19.0 136 10.66 14 20.1 000¢) 297 | 0367 0.214
Juvenile 9

IEr’]‘i‘tjiO“:]”"e”"'Pa”'C' 12 28.9 20.7 9.7 10.77 7.1 26.7 0000 | 00 | 0377 0.216
Panid Initian-End

T Groih 32 35.5 22.1 155 11.11 4.2 119.0 0.000 | 00 | 0.222 0.158
End | . f GTOWh-

ST 8 40.7 23.9 21.7 11.50 0.5 54.0 0.000 | 0.0 | 0.000 0.000
L S;:S'E Filling | 19 411 272 213 11.79 23 1217 0000 00  0.000 0.000

Table 433I (b): Climate oarameterls and stresses in dlifferentldeveloorrent phases ofBRI14 .

rice at jatknira T

r 25 Janyarv in 070

Water $t.rcss Nitrogdn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min Rad. [day] rum Trans Phatas cTo | Phatas
| ays MJTm hr mm ynth 1h ynth Growth
Emergence-End 1 317 198 137 1094 1.0 325 00(X) | 00 | 0.367 0.214
Juvenile : : : . . . . . .
oo | 12 38.1 21.9 18.3 11.13 0.9 36.6 0.000 0.0 0.435 0.263
icl Inition-En
Panicl_Inition-End 30 40.1 26.0 193 1156 33 1432 | 0000 | 00 | 0247 0.170
Leaf Gro\lth
End Leaf Gro\\lh-
- o= ) . ) 0(
Beoin_ Grain Fillino 8 40.6 27.3 21.5 11.98 21 51.7 0.000 0.0 0.0(0 0.000
L S;:;’e‘ Filling I 19 394 288 196 12.28 25.7 107.9 0000 00  0.000 0000
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4.3.6 Effect of Climate Change on Irrigation Water Requirement

Agricultural of any kind is strongly influenced by the availability of water. Climate
change will modify rainfall, evaporation, run-off and soil moisture storage. Changes in
total seasonal precipitation or in its pattern of variability are both important. Water is
indispensable to plant life. A plant's water content varies by species and within various
plant structures and also diurnally during the entire growth period. The formative water
for the plant is obtained mainly from soil through absorption by the plant roots. The plant
uses less than 5% of the water absorbed. The rest is lost to the atmosphere through
transpiration from the plant leaves. An adequate water supply is one of the most
important factors in rice production. In many parts of tropical Asia, rice plants suffer
from either too much or too little water because of irregular rainfall and landscape
patterns. Water management embraces the control of water for optimum crop yield and
the best use of a limited supply of water. Proper management of water and irrigation
systems, especially those that rely on stored water, enables a water supply during the dry
season when yields generally are high due to high solar radiation and greater fertilizer
nitrogen response.

Less rainfall during winter due to climate change will lead to decrease in moisture
content of the top soil, as well as less recharging of the ground water. Higher evaporation
causes drought-like condition. The occurrence of moisture stress during flowering,
pollination and grain-filling is harmful to rice. Increased evaporation from the soil and
accelerated transpiration in the plants themselves will cause moisture stress; as a result
yield may be reduced significantly (discussed early). To estimate water requirement, the
following conditions were used in the model simulations: 855 mm irrigation in 14
applications, fertilizer 130 kg/ha, and CO, 379 ppm. Table 4.34 shows the predicted
water requirement for BR3 rice. Model results show at northwestern region water
requirement are 815 mm, 802 mm, 823 mm and 791 mm (calculated average value of
three districts); at central region 748 mm, 655 mm, 737 mm and 729 mm; at southwestern
region 810 mm, 749 mm, 800 mm and 756 mm; at southern region 736 mm, 640 mm,

706 mm and 673 mm; at southeastern region 706 mm, 653 mm, 713 mm and 715 mm;
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and at eastern region, it was 535.2 mm, 439.4 mm, 558.4 mm and 592.8 mm in the year
2008, 2030, 2050 and 2070, respectively. It should be noted that the DSSAT model does
not count the water required for preparation of land before transplanting (which usually
varies from 200 to 300 mm, depending on soil and weather condition). Thus, it is
observed that water requirement decreased in future BR3 rice production in the central,
southwestern and southern regions (compared to 2008). It is also found that in 2050 and
2070 water requirement was slightly higher than 2008 for the northwestern, southeastern
and eastern regions and it is also slightly higher in 2050 compared to 2030 and 2070.
From analysis of predicted rainfall data, it was found that the total rainfall (during
January to May) in 2050 was comparatively lower than 2030 and 2070. Changes the

annual precipitation patterns also affect the water requirement (see Table 4.19).

Table 4.34: Predjcted water requirement (mm) ofBR3 for different regions
Location 2008 2030 2050 2070
Northwestern
Raishahi 795.4 852.8 795.4 783.4
BOl!ra 862.4 800.6 841.6 792.8
Dinainur 787.6 752 831.6 797
Central
Mvmcnsinlth 651.8 549.2 703.2 687.8
Tatll!ail 844 761.6 771.6 770.8
Southwestern
Jessorc 841.8 755.6 840.4 778.2
Satkhira 779 742.6 760.2 733.2
Southern
Bansal 729.6 611.4 689.4 673
Madarinur 742.2 667.8 721.8 673.4
Southeastern
Chandnur 712.4 650.2 702.8 703
Comilla 700.4 656.4 723.8 726.2
Eastern
Svlhct 535.2 439.4 558.4 592.8

Some location variations are also observed in some region. For example, in 2050 and
2070 water requirement was higher than 2008 at Mymensingh but overall the water
requirement was comparatively lower than that in 2008 in the central regions. A closer

look shows that in 2008, 2030, 2050 and 2070, maximum water requirements are
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predicted in northwestern region which represent drought prone region in Bangladesh.
So, additional irrigation must be made available for boro cultivation in this region to
reduce water stress in future. The minimum water requirements are predicted in eastern
region where more rainfall occurs in boro season. Table 4.34 shows effect of planting
date on water requirement. It shows that water requirement is comparatively higher, if

boro rice is planted on 1 to 5 January (compared to 15and 25 January).

Table 4.35: Predicted |water reauirement (mm) ofBR3 for different nlanting dates
2070
Location | January 5 Januarv 15Januarv 25 January
Northwestern
Raishahi 811.4 784.8 783.4 764
BOl!ra 815.6 779.2 792.8 747.6
Dinaiour 856.4 839.6 797 739.6
Central
Mvmensin!!h 745.2 7314 687.8 661.6
Tan!!ail 788.4 764.4 770.8 727.8
Southwestern
Jessorc 779.2 753.8 778.2 788.4
Satkhira 763.4 751.6 733.2 774.4
Southern
Barisal 699.2 673.2 673 700
Madariour 729.8 725.6 673.4 723
Southeastern
Chandour 697 712.8 703 720.6
Comilla 708 723.2 726.2 723.6
Eastern
Svihct 657.2 634.8 592.8 597.2

The amount of water available for plant growth is affected by a combination of climatic
and non-climatic variables such as precipitation, temperature, sunshine, wind speed as
well as soil porosity, slope etc. Climatic factors and physiological maturity have a
significant role on water requirement for plant. Higher temperature and higher solar
radiation lead to higher evapotranspiration but shorter the physiological maturity day. For
lower of physiological maturity, water requirement for rice becomes lower. So, these two
effects are opposite. Significantly shorter physiological maturity in 2070 (compared to

2008, 2030 and 2050) is one of the main reasons for lower water requirement in 2070.
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Table 4.36 shows predicted water requirement for BRI4 rice variety for different regions

and Table 4.37 shows effect of planting date on water requirement for BRI4.

Table 4.36: Predicted water requifement (mm) OfBRI4 _ for differept regions
Location 2008 2030 2050 2070
Northwestern
Raishahi 834.8 879.8 837.8 748.4
Bogra 935.8 855 845 770.2
Dinaipur 842.2 807 892.2 784.8
Central
Mvmensingh 683.4 589.6 771.2 677.2
Tangail 903 845 807.6 752.4
Southwestern
Jessore 888.8 814.4 868.6 775.2
Satkhira 840.8 806.8 790.6 735
Southern
Barisal 788.8 640.6 714.4 696.2
Madaripur 770.8 681.6 755.6 702.2
Southeastern
Chandpur 772.8 694 742 702.8
Comilla 774.8 691.8 740.2 724.6
Eastern
Svihet 569.6 460 580.2 613.2
— Table 437 PredJciet water requirement (mm ) OIBRIZlor dJiierent plammg dawes |
2070
Location | Januarv 5 Januarv 15 Januarv 25 Januarv
Northwestern
Raishahi 857.6 784.8 748.4 739.2
Bogra 783 752.6 770.2 706.4
Dinaipur 800.6 798.4 784.8 713.2
Central
Mvmensingh 704.2 719.8 677.2 691
Tangail 761.6 735.6 752.4 700.8
Southwestern
Jessorc 734.8 766.6 775.2 791.4
Satkhira 723.8 754 735 755.8
Southern
Barisal 690.2 696.2 696.2 713.4
Madaripur 732.8 742.6 702.2 719.2
Southeastern
Chandpur 686 708 702.8 709.8
Comilla 708.4 742.4 724.6 729.4
Eastern
Svihet 663.6 643.2 613.2 615.6
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4.3.7 Effect of Climate Change o11 Physiological Matllrity

A base line estimate for BR3 and BRI4 rice physiological maturity time has been
calculated by running the model for 12 major rice growing areas in Bangladesh. The
development stage (DVS) of a plant defines its physiological age and is characterized by
the formation of the various organs and their appearance. The most important
phonological change is the one from the vegetative to reproductive stage. The vegetative
phase of rice is extended due to low temperature (Vergara and Chang., 1985). Table 4.38
shows the predicted physiological maturity of BR3 for different regions and for different
years. Model results also showed significant effect of climate change on physiological
maturity of rice. The time of physiological maturity has been predicted to decrease
significantly due to changes in climatic scenario. For an example, physiological maturity
(in days) of BR3 rice varieties varied from 93 (in Satkhira) to 114 (in Sylhet) in 2008;
while the corresponding values are 77 and 90 in 2070. Some regional variation could be
observed in the predictions (Fig. 4.20). It should be noted that the DSSA T model counts
physiological maturity from the time of "Emergence-End Juvenile™ period. It takes about
10-12 days to come to this stage after transplantation. In addition transplanting age of 35
days was considered. However, transplanting age may be up to 45 days under actual field
condition. If transplanting age increase by one day, physiological maturity usually
increase 0.5 day (Biswas, 2009). These increases should be kept in mind which

estimating physiological maturity under field condition.

Changes in temperatures and solar radiation are important factors affecting physiological
maturity of rice. The changing pattern of temperature and solar radiation not only vary
from year to year but also vary from different planting dates which also affect the
physiological maturity. Table 4.39 shows effect of planting on physiological maturity. In
2008 for 1 January planting the physiological maturity is 114, whereas for 25 January
planting, it is 101 for BR3 at Mymensingh. At Madaripur, it is 104 for | January planting

and 90 for 25 January planting. Similar result also found for other regions in Bangladesh.
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Table 4.38: Predicte physiological |maturity (days) pfBR3 for different regions
| gcation 2008 2030 2050 2070
Northwestern
Raishahi 88 95 84 83
BOQra 100 100 89 83
Dinaiour 105 99 89 82
Central
MvmcnsinOh 106 105 96 86
TanOail 99 o8 87 84
Southwestern
Jessorc 96 91 84 80
Satkhira 93 89 82 77
~nuthern
Barisal 99 94 87 80
Madarinur 96 94 86 80
Southeastern
Chandnur 99 97 87 81
Comilla 102 100 92 82
Eastern
Svlhet 114 114 104 90

Table 4.39: Predicted physiological maturity (days) ofBR3 for_different plantim!. dates
Location 2008
| Januarv 5 Januarv 15 Janua™ 25 Januar-
Northwestern
Raishahi 98 97 88 82
BOOQra 108 106 100 94
Dinainur 113 108 105 99
Central
Mvmcnsin"h 114 112 106 101
Tanllail 107 105 99 93
| Southwe<tern
Jessorc 102 100 96 90
Satkhira 101 98 93 87
Southern
Barisal 107 106 99 91
Madariour 104 102 96 90
Southeastern
Chandour 107 105 99 94
Comilia 1 109 102 98
Eastern
Svlhct 121 119 114 109

Table 4.40 shows the predicted physiological  maturity for BR14 rice variety. The
physiological  maturity (in days) of BR14 rice varieties varied from 92 (in Rajshahi) to
121 (in Sylhet) in 2008; while the corresponding values are 86 and 95 in 2070. Some
regional variation could be observed in the predictions Table 4.41 shows effect of

planting on physiological  maturity. In a summery, increasing temperature  shortens the
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physiological ~ maturity time of rice, decreasing the time during which the canopy exists
and thus the period during which it intercepts light and produces biomass. An increase in
temperature  above the optimum value should therefore generally lead to lower yields for

boro rice in Bangladesh.

Table 4.40: Predicted physiological maturity (days) qfBR14 for diffefent rellions
Location 2008 2030 2050 2070
Northwestern
Raishahi 92 99 88 86
Bo'ra 105 105 90 87
Dinainur 110 104 93 85
Central
Mvmensin'h 112 1 101 90
Tamrail 104 104 90 87
Southwestern
Jessore 101 96 87 83
Satkhira 97 94 86 81
Southern
Barisal 105 99 91 84
Madariour 101 98 91 85
Southeastern
Chandour 105 102 92 84
Com ilia 109 105 96 85
Eastern
Svlhet 121 121 110 95

Table 4.41: Pre dicte d phYsiological maturity (days) of BRI4 or different planting dates
L ocation 2008
| Janu"rv 5 Januarv 15 Januarv 25 Jalluarv
Northwestern
Raishahi 100 100 92 88
Bo''ra 111 108 105 101
Dinainur 115 110 110 107
Central
Mvmensin"h 117 116 112 108
Tan"ail 108 108 104 100
Southwestern
Jessore 105 103 101 97
Satkhira 103 101 97 96
Southern
Bansal 111 102 105 102
MadariDur 108 106 101 98
Southeastern
Chandnur 110 108 105 101
Comilla 114 109 109 105
Eastern
Svlhet 125 124 121 119
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Chapter 5

CONCLUSION AND RECOMMENDA nONS

CONCLUSION

Major conclusions and findings from the present study are summarized below:

(A) Irend in Maximum Temperature and Number of Hot Days:

(B)

Yearly average maximum temperature for the period 1976-2005 shows increasing
trends at most of the weather stations all over the country. Yearly average
maximum temperature shows increasing trend in 28 out of 34 stations; increasing
trend at 15 stations are significant at 99% confidence level and 1 station at 95%.
Yearly average temperature increased at the rate of 0.0193°C per year during
1976-2005.

Monthly average maxIimum temperature during 1976-2005 shows increasing
trend, even with higher level of significance. Monthly average maximum shows
increasing trend for all months of the year except January; the increasing trend
was particularly significant for the months of February, April and May. On an
average, monthly-average maximum temperatures of each of these months have
increased by about 1°C during the 30 year period from 1976-2005.

Number of hot days (i.e., day with avg. temperature exceeding 29.3°C) show

sharp increasing trend in 18 (out 0f32) weather stations.

Trend in Minimum Temperature and Number of Cold Days:

Yearly average minimum temperature for the period (1976-2005 and cold days
show sharp increasing trend. Yearly average minimum temperature shows
increasing trend in 27 out of 34 stations all over the country; increasing trend at
10 stations were significance level at 99% confidence. Yearly average

temperature during the period 1976-2005 increased at rate of 0.0 152°C per year.
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Monthly average minimum temperature during the period 1976-2005 also showed
increasing trend. Monthly average minimum temperature shows increasing trend
for all months of the year except January; the increasing trend was particularly
significant for the months of February, April and May. On an average, monthly-
average minimum temperatures of each of these months increased by about 0.80
°C during the period (i.e., 1976 to 2005).

Number of cold days (i.e., days with average temperature below 20.1°C) shows
decreasing trend in 13 stations and increasing in 18 stations during the period

fram 1976-2005.

(C) Changes in Precipitation Pattern:

During [976-2005, total rainfall shows an increasing trend during the pre-
monsoon  (March-May) period and a decreasing trend during the winter
(December-February).

During pre-monsoon, the total rainfall showed increasing trend for 20 out of 34
weather stations; however, the changes in only 5 stations have significance above
90%.

Total rainfall during winter shows decreasing trend in 18 out 0f34 stations, with 4

stations having trends significant above 90% level of confidence.

(D) Impacts of Climate Change on Bora-Rice Yield:

Significant reduction in bora-rice yields in future is predicted changes in climatic
condition.

Compared to 2008, predicted average reductions of BR3 variety of rice for the 12
selected locations are about 11% for the year 2030, 21% for 2050 and 54% for
2070. Some regional variation could be observed in the predictions with
somewhat higher reductions predicted for central, southern and southwestern
regions. The maximum vyield reduction was predicted at Dinajpur (29.55% in

2030, 36.27 % in 2050) and at Barisal (65.39% in 2070).
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e Compared to 2008, predicted average reductions of BRI4 variety for the 12
selected locations are about 14% for the year 2030, 25% for 2050 and 58% for
2070. Some regional variation could be observed in the predictions. The
maximum Yield reduction was predicted at Barisal (34.29% in 2030), at Dinajpur
(40.10% in 2050) and at Tangail (68.39% in 2070). BRI4 appears to be slightly
more sensitive to climate change than BR3.

e Increasing CO; concentrations are likely to offset only slightly the adverse effects
of other climatic parameters on rice yield. When the CO, levels were increased to
427, 465 and 503 ppm in 2030, 2050 and 2070, respectively, predicted vyield
increased by 0.91 to 12.5% for BR3 rice and 0.09 to 13.7% for BRI4 rice.

* Increases in daily maximum and minimum temperatures have been found to be
primarily responsible for reduction in yield. Increases in incoming solar radiation
and atmospheric carbon-di-oxide concentration increases rice yield to some
extent, but their effects are not significant compared to the negative effects of
temperature. Variations in rainfall pattern over the growing period have also been

found to affect rice yield and water requirement.

(E) Impact of Climate Change and Transplanting Date on Yield:

* Rice yield appears to be very vulnerable to transplanting date model result
predicted significant reduction in yield as transplanting date is delayed, especially
beyond 15 January.

» The predictions indicate that | to 15 January is the most effective time for boro
rice transplanting in 2008 and 2030. The effect of planting date appears to be
more pronounced for the years 2050 and 2070. 1 January would be the most
productive time for transplanting in 2050 and 2070.

e These are regional variation on effect of transplanting date. Predicted yields show
more pronounced affect of planting data for locations in northwestern and central

regions for both (BR3 and BRI4) varieties.

(F) Effect of Climate Change on Water Requirement:

152



Maximum water requirements were predicted for northwestern reglOn, which
represent drought prone region in Bangladesh and the minimum water
requirements are predicted for eastern region where more rainfall occurs in boro
season.

Planting dates influence water requirement significantly. It was found that water
requirement was comparatively higher, if boro rice is planted during 1to 5
January (compared to 15and 25 January).

Climatic factors (temperature. rainfall, etc.), soil conditions and physiological
maturity days have a significant role on water requirement for rice. Higher
temperature and increased solar radiation lead to higher evapotranspiration but
shortens the physiological maturity duration; these two phenomenons have
opposite effect on water requirement. Changes the annual precipitation patterns

also affect the water requirement.

(G) Effect of Climate Change on Physiological Maturity:

The time of physiological maturity has been predicted to decrease significantly
due to changes in climatic scenario. Changes in temperatures and solar radiation
are the main factors affecting physiological maturity of rice. Physiological
maturity (in days) of BR3 rice varieties varied from 93 (in Satkhira) to 114 (in
Sylhet) in 2008; while the corresponding values are 77 and 90 in 2070.

Planting dates influence physiological maturity significantly. Physiological
maturity was predicted to be relatively higher if boro rice is planted during 1to 5

January (compared to 15and 25 January).

e Since higher temperature could significantly reduce vyield of boro rice, it is
necessary to develop more temperature and drought tolerant rice varieties.

e« Management practices e.g. selected of transplanting date, application of
irrigation and fertilizer should be optimized to adapt for changing climate

scenarios.
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5.2

RECOMMENDA nONS FOR FUTURE STUDIES

Based on present research work, some recommendation can be suggested for further

study. These are as follows:

The temperature and precipitation patterns are of great importance for an agro-
based economy like Bangladesh. Therefore, it is necessary to regularly and
systematically compile, monitor and analyze climatic parameters related to
agriculture.

The trends for intense precipitation events (which could not be assessed in this
study due to absence of relevant data) should be analyzed and its impact on flood
(especially flash flood) and agriculture should be assessed.

The risk of drought is a major concern and the risk of drought should be assessed .
It would be useful to develop a simple drought index which could be used to
easily assess the drought situation in any particular region (e.g., the northern
region).

Many other climate change phenomenon (e.g.,, more intense precipitation,
increase in flood and cyclone peaks, increase of heat index over lands etc.) could
be analyzed to predict the future changes and projections.

BR3 and BRI4 rice varieties are not widely used at present, the model simulations
carried out in this study provide useful insight into the possible effects of climate
change on rice yield. Further research can be performed to evaluate the effect of
climate change for new varieties like BRRIdhan28, BRRIdhan29 and other crops.
The yield of two bom varieties BR3 and BRI4 for the years 2008,2030,2050 and
2070 have been simulated for 12 districts of Bangladesh, which were selected
from among the major rice growing areas in different regions of Bangladesh.
Similar type of study can be conducted for other rice growing areas of

Bangladesh.
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In the present study, soil data were collected from literature for the 12 nce
growing areas. More reliable predictions could be made if the required soil
parameters for different regions could be generated based on laboratory and field
experiment.

Sensitivity analysis was carried out for some selected areas only, using predicted
climatic parameters for the years 2008 and 2070, changing one parameter at a
time. Similar type of study can be conducted for other areas of Bangladesh to
assess relative importance of these parameters on rice yield.

Further research can be performed under various treatments and management
conditions  like irrigation, fertilizer, chemical applications, organic carbon,
atmospheric CO; concentrations, etc.

The predicted (using PRECIS) temperature and rainfall values used in the present
study have not been calibrated on daily scale. Uncertainty in assessing possible
impacts of climate change may be reduced using high resolution climate model

outputs with ensembles and calibrated outputs.
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Table A 31- Regression

equation

nd correlation
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ons InJanuary tbr tlle

]
eno 0 1976-2005 |

Station Trend Line Equation Value of Correlation Significant!1 nsign ificant
coefficient (r)
Barisal Y=-0.0165X+5&.196 -0.17059 Bclow 90% Significant
Bhola Y--0.0269X+79.044 -0.2725& Below 90% Significant
Bogra Y--0.0908X+205.33 -0.4&795 99% Significant
Chandour Y--0.0698X+ 163.7 -0.56524 99% Significant
Chittal.'oM Y-0.0327X-39.05 0.33675 90% Significant
Chuadanga Y--0.0635X+ 151.09 -0.27982 95% Sil.'nificant
Comilia Y--0.0381X+ 101.08 -0.339&5 90% Significant
Tangail Y--0.057X+ 137.52 -0.24331 Bclow 90% Significant
Cox's Bazar Y-0.0362X-45.176 0.38262 95% Significant
Dhaka Y--0.0612X+ 127.02 -0.37162 95% Significant
Dinaipur Y--0.0756X+173.77 -0.38392 95% Sianificant
FaridDur Y=-0.0281 X+80.245 -0.22517 Below 90% Significant
Feni Y=-0.0455X+116.5 -0.42942 95% Significant
Svlhct Y=0.02&X-30.383 0.1&24& Bclow 90% Significant
Hativa Y-0.0424X-5&.135 0.40336 95% Significant
Ishurdi Y--0.0507X+ 125.13 -0.40644 95% Significant
Jessorc Y--0.0432X +111.49 -0.38794 95% Significant
Khcpupara Y--0.005X+35.728 -0.0707 Below 90% Significant
Khulna Y --0.0158X+56.&06 -0.1562 Bclow 90% Significant
Kutubdia Y--0.0222X-l &.828 -0.1&1107 Bclow 90% Significant
M. Court Y--0.043&X+112.35 -0.39446 95% Significant
Madanour Y--0.0345X+93.923 -0.28827 Below 90% Significant
Mon.gla Y-0.0086X +8.0277 0.04795 Bclow 90% Significant
Mvrncnsingh Y--0.0519X+ 127.97 -0.39 95% Significant
Patuakhali Y=-0.0218X+68.964 -0.23388 Below 90% Significant
Raishahi Y --0.0548X+133.19 -0.4322 95% Significant
Rangamati Y-0.0326X-39.298 0.33793 90% Significant
RangDur Y--0.0205X +63.825 -0.09165 Bclow 90% Significant
ShandwiD Y--0.0424X +109.27 -0.34612 90% Significant
Satkhira Y--0.0614X+148 -0.51147 99% Significanl
Savcdour Y-00146X-6.5164 0.04583 Bclow 90% Significant
Silakunda Y-0.0424X-58.135 0.40336 95% Significant
STIangal Y--0.0264X * 7. 703 0.19025 Below 90% Significant
Tcknaf Y-0.0225X-17.498 0.26495 Below 90% Significant
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Table A 3.2:I Regression equation and correlation coefficient Iof aye rage _maximum .
tempergture — Tor different sfations Tn FeDruary Tor the pgrfOd 1976 -2005 . [
Station Trend Line Equation Value of Correlation Sign ificantll nsignificant
coefficient  (r)
Bansal Y-0.0414X-54.059 0.36687 95% Significant
Bhola Y-0.021X-13.396 0.17464 Bclow 90% Significant
Bogra Y --0.0561X+ 143.28 -0.39038 95% Significant
ChandDur Y-0.0 194X-10.866 0.16309 Bclow 90% Significant
Chittagong Y-0.0863X-143.4 0.57175 99.9% Sil!nificant
Chuadanl'a Y-0.0596X-90.61 0.22361 Bclow 90% Significant
Comilia Y-0.0232X-18.508 0.19975 90% Sil'nificant
Tangail Y-0.0594X-91.355 0.25 Below 90% Significant
Cox's Bazar Y-0.0723X-115.17 0.56365 99.9% Significant
Dhaka Y-0.0222X-16.006 0.14832 Bclow 90% Significant
DinaiDur Y=0.0387X-50.654 0.22 Bclow 90% Significant
FaridDur Y=0.0373X-46.538 0.28478 90%_Significant
Feni Y=0.0087X+11.51 0.07874 Bclow 90% Significant
Svihct Y=0.0528X-77.612 0.3245 90% Significant
Hatiya Y=0.0501X-72.131 0.45266 90% Significant
Ishurdi Y=0.0336X-39.529 0.24269 Bclow 90% Significant
Jessorc Y=0.0355X-41.981 0.25159 Bclow _90% _Significant
KhcDuDara Y -0.0352X-41.608 0.27549 Bclow 90% Significant
Khulna Y-0.0463X-63.575 0.37589 95% Significant
Kutubdia Y-0.0596X-9 1.56 1 0.46615 95% Significant
M. Court Y-0.0373X-46.493 0.2773 Bclow 90% Significant
W ECE] Y-0.0150X-3.3623 0.12320 Bclow 90% Significant
Mongla Y-0.0978X-166.59 0.43577 90% Significant
Mymensingh Y=-0.0148X+56.495 -0.11314 Below 90% Significant
Patuakhali Y-0.038X-47.115 0.30083 Bclow 90% Significant
Raishahi Y=0.0222X+16.403 0.15524 Bclow 90% Significant
Rangamati Y=0.0693X-109.21 0.43127 95% Significant
RangDUr Y=0.0518X-77.103 0.25338 Bclow 90% Significant
ShandwiD Y-0.0 103X +6.8543 0.07348 Bclow 90% Significant
Satkhira Y-0.0093X+10.378 0.07141 Below 90% Significant
SavcdDur Y-0.1014X-176.21 0.30984 Bclow 90% Significant
Sitakunda Y-0.0885X-14 7.58 0.55426 99% Significant
Stimangal Y-0.0672X-76.13 0.32 90% Significant
Tcknat Y-0.033X-36. 713 0.2429 Below 90% Significant



Table A 3.3: Regression

equation and correlation

coefficient

of average monthly

maxTmum
Station

emperature r
Trend Line Equation

fferdnt stations  1n

Value of Correlation

arc 1T tor the peno o 1976~
Significant/l nsignificant

coefficient (R)

Bansal Y=0.0046X+22.962 0.03606 Below 90% Significant
Bhola Y=-0.0128X+57.235 -0.09899 Below 90% Significant
Bogra Y--0.0561X+ 143.28 -0.39038 95% Significant

Chandpur Y--0.0211X+73.624 -0.16217 Below 90% Significant
Chittagong Y -0.0422X-53.221 0.35114 90% Significant

Chuadanga Y -0.0301X-26.962 0.10392 Below 90% Significant
Comilla Y--0.008X +46.676 -0.0648 Below 90% Significant
Tangail Y -0.0423X-52.997 0.18248 Below 90% Significant
Cox's Bazar | Y-0.0646X-97.361 0.53413 99% Significant

Dhaka Y--0.0121X+56.517 -0.07211 Below 90% Significant
Dinaipur Y=0.0141X+2.7767 0.06403 Below 90% Significant
Faridpur Y=-0.0168X+65.816 -0.1044 Below 90% Significant
Feni Y=-0.0281X+87.253 -0.20518 Below 90% Significant
Sylhct Y=0.0202X-9.7733 0.12961 Below 90% Significant
Hativa Y=-0.004X +38.585 -0.04358 Below 90% Significant
Ishurdi Y=-0.0186X+69.862 -0.10392 Below 90% Signif-icant
Jessorc Y=-0.0074X+48.I -0.04472 Below 90% Significant
Kheouoara Y-0.0235X-15.225 0.18735 Below 90% Significant
Khulha Y--0.0064X+45.708 -0.04359 Below 90% Significant
Kutubdia Y-0.04 78X-65.369 0.3228 Below 90% Significant
M. Court Y-0.0145X+2.3354 0.1\314 Below 90% Significant
Madaripur Y--0.0164X+65.206 -0.11789 Below 90% Significant
Mon.gla Y=0.0757X-118.68 0.3002 Below 90% Significant
Mvmensingh | Y=-0.0712X+ 172.66 -0.44283 99% Significant

Patuakhali Y=0.0297X-27.145 0.23108 Below 90% Significant
Raishahi Y=-0.0241X+80.99 -0.14071 Below 90% Significant
Rangamati Y=0.0374X-42.512 0.24597 Below 90% Significant
Rangpur Y=0.0146X+ 1.0388 0.06708 Below 90% Significant
Shandwip Y-0.0098X+ 10.345 0.08544 Below 90% Significant
Satkhira Y--00254X+83.522 -0.15427 Below 90% Significant
Savedour Y--0.0268X+84.191 -0.09381 Below 90% Significant
Sitakunda Y-0.0648X-98.161 0.41797 95% Significant

Srimangal Y--0.033X+97.248 -0.21189 Below 90% Significant
Teknaf Y-0.0385X-45.905 0.44283 90% Significant
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[able A 3.4. Regression equa and ] o€ en of average
i maximum itemperature Tor UlTTlsrein statlons In Aon -, Tor tfie pene d 19762005 i
|___Station | Trend Line Equation Value of Correlation Signi ficantJ Insignificant
coefficient  (r)

Barisal Y-0.0107X+ 12.103 0.08944 Below 90% Significant
Bhola Y-0.0148X+3A178 0.11916 Below 90% Significant
| Bogra Y--0.0792X+ 19142 -0.38781 95% Significant
Chandpur Y-0.0065X+19.907 0.05196 Below 90% Significant
Chittagong Y=0.0463X-60.341 0.39535 95% Significant
Chuadanga Y=-0.1373X+ 310.08 -0.38367 90% Significant

| Camilla | Y=0.0446X-56.635 0.2874 Below 90% Significant
Tangail Y=-0064X+161.54 -0.22517 Below 90% Significant
Cox's _Bazar Y=0.0809X-128.59 0.63741 99% Significant

Dhaka Y=0.0078X+ 18133 0.04359 Below 90% Significant
Dinaiour Y=-0.046X +124.6 -0.16823 Below 90% Significant
Faridour Y=0.0204X-6.3486 0.11789 Below 90% Significant
Feni Y--0.0049X+41.968 -0.03606 Below 90% Significant
Svlhet Y-0.036X-40.837 0.20904 Below 90% Significant
Hativa Y-0.0118X+55A06 -0.12688 Below 90% Significant
Ishurdi Y--0.0268X+88.861 -0.11874 Below 90% Significant
lessore Y--0.00 19X+39A76 -0.01 Below 90% Significant
Kheouoara Y-0.0299X-27.058 0.23685 Below 90% Significant
Khulna Y--0.0021X+38.742 -0.01414 Below 90% Significant
Kutubdia Y=0.0577X-83A22 0048539 95% Significant

M. Court Y-0.0568X-80.554 0040731 95% Significant
Madaripur Y=-0.0007X+35A61 -0.00447 Below 90% Significant
Mongla Y=0.0255X-16A33 0.11 Below 90% Significant
Mvrnensingh Y=-0.0656X +162.64 -0.36905 95% Significant
Patuakhali Y-0.0525X-71.489 0.37907 95% Significant
Raishahi Y--0.0213X +78.337 -0.09487 Below 90% Significant
Rangarnati Y-0.0637X-93.717 0.36441 95% Significant
Rangour Y--0.0437X+118.63 -0.21071 Below 90% Significant
Shandwio Y--0.0 107X +52.765 -0.06324 Below 90% Significant
Satkhira Y--0.0213X+78.337 -0.09487 Below 90% Significant
Savedour Y--0.2179X+467.54 -0.5447 99% Significant
Sitakunda Y-0.0615X-90.586 0044855 95% Significant
Srirnangal Y --0.0158X+64.262 -0.08426 Below 90% Significant
Teknaf Y-0.0338X-35.39 0.3708 95% Significant
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Table A 3.5: Regression

eguation and correlation

coefficient

of average monthly

maximum | temperature  tbr d'iTlere'pt statlOns In Mav Tor the penb d 19762005

Station Trend Line Equation | Value of Correlation Significant/l nsignificant
coefficient )

Barisal Y-0.0317X-30.02 0.32818 90% Significant

Bhola Y-0.0259X-18.952 0.29292 Below 90% Significant
Bogra Y-0.0246X-16.024 0.12329 Below 90% Signif_icant
Chandour Y-0.0175X-1.8927 0.17578 Below 90% Significant
Chittagong Y-0.0287X-24.744 0.35874 95% Significant
Chuadanga Y~0.0051X+25.486 0.02236 Below 90% Significant
Comilla Y~0.0424X-52.139 0.34 90% Significant
Tangail Y~0.0272X-21.225 0.13601 Below 90% Significant
Cox's Bazar Y~0.0577X-82.214 0.6403 99.9% Significant
Dhaka Y~0.0359X-38.424 0.24393 Below 90% Significant
Dinaipur Y~0.0273X-21.952 0.12207 Below 90% Significant
Faridpur Y~0.0368X-39.748 0.27928 Below 90% Significant
Feni Y~0.0057X+20.884 0.05292 Below 90% Significant
Svlhet Y-0.0448X-58.392 0.26907 Below 90% Significant
Hativa Y-0.0022X+27.619 0.02449 Below 90% Significant
Ishurdi Y-0.02 16X-8.5 133 0.11314 Below 90% Significant
Jessorc Y-0.0592X-82.596 0.39192 95% Significant
Khcoupara Y-0.03X-27.113 0.31289 90% Significant
Khulna Y-0,0415X-48.218 0.41243 95% Signif-icant
Kutubdia Y-0.0187X-5.0758 0.1456 Below 90% Significant
M. Court Y~0.0403X-47.663 0.29816 Below 90% Significant
Madaripur Y~0.0404X-46.858 0.36523 90% Significant
Mongla Y~0.0752X-115.85 0.46819 90% Significant
Mymensingh Y~0.0148X+2.0056 0.0938 Bclow 90% Significant
PatuakJlali Y~0.0507X-68 0.50418 99.9% Significant
Rajshahi Y~0.0315X-27.933 0.15811 Bclow 90% Significant
Rangamati Y-0.0416X-50.04 0.30643 90% Significant
Rangpur Y-0.0084X+14.972 0.04472 Below 90% Significant
Shandwio Y--0.0 153X+62.098 -0.11576 Below 90% Si"nificant
Satkhira Y-0.0053X+24.715 0.04359 Below 90% Significant
Savcdpur Y-0.0 15X+2.3433 0.04242 Below 90% Significant
Sitakunda Y-0.0414X-50.381 0.38756 95% Signif-icant
Srimangal Y--0.0121X+56.039 -0.07071 Below 90% Significant
Tcknaf Y~0.0222X-12.065 0.31969 90% Significant
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Table A 3.6: Regression equation | and correlation coefficéent of average minimum
tempdrature  for different stations in January Tbr thje oeriod 19/6-2005
Station Frend—tine—eqtration co-efficient, (r | —StghitfieantH—hstgrifieant——
Barisal Y-0.0051X+1.574! 0.05916 Below 90% significant
Bhola Y-0.0077X-2.9749 0.07745 Below 90% significant
Bogra Y--O.Qll 1X+33.744 -0.1048 Below 90% significant
Chandour Y-0.0387X-63.835 0.38884 95% significant
Chittagong Y-0.0254X-36. 757 0.2711 Below 90% significant
Chuadanga Y-0.052X-93.13 0.26457 Below 90% significant
Comilla Y=-0.0045X+20.972 -0.04795 Below 90% significant
Cox's Bazar Y=0.0524X-89.223 0.52268 99.9% significant
Dhaka Y=0.037X-60.77 0.30413 90% significant
Dinaipur Y=0.0009X +8.4083 0.00707 Below 90% significant
Faridpur Y=-0.0I32X +38.45 -0.1473 Below 90% significant
Fcni Y--0.0146X+41.703 -0.17117 Below 90% significant
Hativa Y=-0.0726X +158.93 -0.60398 99.90% significant
Ishurdi Y--0.0002X+10.689 -0.002 Below 90% sil!nificant
Jcssorc Y--0.0379X+86.813 -0.26286 Below 90% sil'nificant
Khcpnpara Y--0.0411X+95.583 -0.45934 99% sillnificant
Khulna Y--0.0469X+105.69 -0.32924 90% sil!nificant
Kutubdia Y-0.0104X-5.8939 0.08366 90% sil'nificant
M. Court Y-0.0527X-91.498 0.46572 99% sillnificant
Madariour Y-0.0469X-81.359 0.33778 90% sil!nificant
Mongla Y=0.0059X+2.1176 0.04123 Below 90% sil'nificant
Mvmcnsinl!h Y=-0.0129X+55.426 -0.28496 Below 90% sillnificant
Patuakhali Y=-0.0155X+44.379 -0.14866 Below 90% sillnificant
Raishahi Y=-0.0529X+ 116.12 -0.41533 99% sil!llificant
Rangamati Y=-0.1144X+241.2 -0.71295 99.9% significant
Rangpur Y=0.003X+4.7843 0.031 Below 90% sil'nificant
Sandwip Y--0.0214X +56.969 -0.17606 Below 90% sil!nificant
Satkhira Y-0.0414X +94.385 -0.34971 95% sil'nificant
Savedour Y-0.0154X-20.12 0.06782 Below 90% sil'nificant
Sitakunda Y--0.051X+113.67 -0.39736 95% sil'nificant
Srimonl!al Y-0.0199X-29.92 0.141 Below 90% sillnificant
Svlhet Y-0.0407X-68.412 0.4305 99% sillnificant
Tangail Y=-0.0377X+86.46 -0.22383 Below 90% sillnificant
Tcknaf Y=-0.0078X+30.591 -0.08831 Below 90% sil'nificant
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Table A 3.1: Regression equation |and correlation coefficierft of average minimum
fempefature _ Tbr dFfTerent stalfens In Febmary Tor the[oene U 1976-2005
) L . Value of correlation Cippe fioantld paice TEioo o .
Slallon IrendHre equation Co—efficient, ( r ) LY, ediit- Lretgrrmeartt
Barisal Y-0.0384X-61.514 0.3451 95% sillnificant
Bhola Y-0.0273X-38.587 0.26925 Below 90% sil!nificant
| BOllra Y -0.0496X-84.447 0.43069 99% sillnificant
Chandour Y-0.0544X-92.411 0.41665 95% sil'nifieant
Chittallonl! Y-0.0503X-83.805 0.44215 99% sillnifieant
Chuadanga Y-0.0669X-119.33 0.37696 Below 90% sil!nificant
Comilla Y-0.0203X-25.167 0.2133 Below 90% sil!nifieant
Cox's_Bazar Y-0.0603X-102.78 0.62809 99.9% sil'nifieant
Dhaka Y-0.0641X-111.73 0.52763 99.9% sil'nifieant
Dinaiour Y-0.0668X-120.47 0.43485 95% sil!nifieant
Faridour Y-0.0373X-59.298 0.3477 95% sil!nificant
Feni Y-0.0057X+4.4389 0.05385 Below 90% sil!nificant
Hativa Y--0.0353X +87.073 -0.29017 Below 90% sillnifieant
Ishurdi Y-0.0702X-126.72 0.60224 99.9% sillUifieant
Jessore Y=0.0186X-22.342 0.2076 Below 90% sil!nifieant
Khepupara Y=0.0135X-10.098 0.14 Below 90% sil!llifieant
Khulna Y=0.0089X-2.212I 00728 Below 90% sil'nifieant
Kutubdia Y=0.0025X+ 12.325 0.02 Below 90% sil!nifieant
M. Court Y=0.0876X-158.53 0.54571 99% silnificant
Madaripur Y=0.088X-160.24 0.65825 99.99% sil!nifieant
Mongia Y--0.0311X+79.567 -0.22383 Below 90% sil!nifieant
Mvmensingh Y-0.0706X-126.16 0.55136 99% sillnifieanl
Patuakhali Y-0.0147X-12.818 0.13527 Below 90% sil!nificant
Raishahi Y-0.0029X+7.3347 0.02645 Below 90% sil'nifieant
Ranl!amati Y--0.1112X+237.08 -0.64544 99.9% sillnifieant
Ranl!Pur Y-0.0554X-97.414 0.41158 95% sil'nifieant
Sandwip Y=0.0278X-38229 0.2846 Below 90% significant
Satkhira Y=0.0138X-11.89 0.12806 Below 90% significant
Savedpur Y=0.1229X-232.2 0.50586 95% sillnifieant
Sitakunda Y=-0.0284X +71.531 -0.22068 Below 90% sil!nificant
Srimongal Y--0.0243X +60.908 -0.17378 Below 90% sil!nifieant
Svlhet Y-0.0585X-10 1.95 0.47602 99% sil'nifieant
Tangail Y-0.0089X-3.4414 0.05744 Below 90% sil'nificant
Teknaf Y-0.0036X+9.8092 0.04582 Below 90% sil'nifieant
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Table A 3.8:| Regression equation and| correlation coefficient | of average minimum
femperpiure __for_different _statiofs In Marc 11 thr tie pefio U 1970-2005
Dl.dliUII Tll::llu' iillt‘ cqualiun Value.o.f Correlation S;UII; f;ballt;: IID;UII;f;baIIt
Co-efficient, (r)
| Barisal Y-0.0111X-1.8946 0.07483 Below 90% silmificant
Bhola Y-0.0175X-14.075 0.12767 Below 90% silmificant
Bogra Y-0.0513X-83.412 0.42391 99% significant
Chandpur Y=0.042X-63.156 0.27856 Below 90% significant
Chittagong Y=0.0313X-41.921 0.24186 Below 90% significant
Chuadanga Y=0.0703X-12J.49 0.2853 Below 90% significant
Comilla Y--0.0095X +38.627 -0.06633 Below 90% significant
Cox's Bazar Y-0.0523X-83.206 0.46368 99% significant
Dhaka Y-0.0186X-16.474 0.13564 Below 90% significant
Dinajpur Y-0.0798X-141.99 0.52735 99% significant
Earidour Y-0.007X+5.7829 0.05196 Below 90% significant |
Fcni Y--0.0231X+66.393 -0.14899 Below 90% significant
Hativa Y=-0.0446X+109.9 -0.39547 95% significant
Ishurdi Y=0.0474X-76.334 0.33391 95% significant
Jessorc Y=-0.0122X+43.774 -0.09591 Below 90% silmificant
Khcpupara Y=0.0023X+17.122 0.02 Below 90% significant
Khulnha Y=-0.002X+24.364 -0.01414 Below 90% significant
Kutubdia Y=-0.013X+46.942 -0.08717 Below 90% significant
M. Court Y=0.0787X-136.71 0.40509 95% significant
Madaripur Y=0.0445X-68.714 0.27748 Below 90% significant
Mongla Y=0.0184X-14.857 0.0938 Below 90% significant
Mvmensingh Y-0.0778X-136.49 0.4720 1 99% significant
Patuakhali Y -0.0145X-7.8981 0.10908 Below 90% significant
Rajshahi Y-0.0113X-4.6412 0.0781 Below 90% significant
Rangamati Y--0.0867X +192.36 -0.48197 99% significant
Rangpur Y-0.0645X-1 11.51 0.47696 99% significant
Sandwio Y-0.0171X-12.367 0.09949 Below 90% significant
Satkhira Y--0.0106X+41.753 -0.0728 Below 90% significant
Savedpur Y -0.1068X-196.07 0.37282 Below 90% significant
Sitakunda Y=-0.0097X+39.007 -0.05196 Below 90% significant
Srimonga! Y=-0.0131X+43.532 -0.06082 Below 90% significant
Svlhct Y=0.0389X-59.153 0.28583 Below 90% significant
Tangail Y=0.0184X-14.857 0.0938 Below 90% significant
Tcknaf Y=0.0172X-13.654 0.17 Below 90% significant
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Table A 3.9: Regression equation |and correlation coefficignt of average minimum
temperature  for different sfations In April_tor the period 1976-2005
. . Value of correlation e s
Slatlion ITena  Tme equation co-efficient, ( r ) StogftTrcantm— STgTcant

Barisal Y=0.0054X+ 12.843 0.0469 Below 90% significant
Bhola Y=0.0326X-41.096 0.27964 Below 90% significant
Bogra Y-0.0133X-3.9966 0.12083 Below 90% significant
Chandpur Y-0.0518X-79.87 0.41472 95% significant
Chittagom! Y -0.0498X-75.665 0.41569 95% significant
Chuadanga Y-0.0453X-67.121 0.23685 Below 90% significant
Com ilia Y-0.012X+46.548 -0.09539 Below 90% significant
Cox's _Bazar Y-0.0334X-42.593 0.30886 90% significant
Dhaka Y=0.0243X-24.885 0.18248 Below 90% significant
Dinajpur Y=0.0765X-131.56 0.38832 95% significant
Faridpur Y -0.0357X-47.983 0.29495 Below 90% significant
Feni Y--0.0038X +30.842 -0.03162 Below 90% significant
Hatiya Y--0.0065X+36.952 -0.07681 Below 90% significant
Ishurdi Y-0.0457X-68.323 0.33045 90% significant
Jessore Y-0.0037X+16.105 0.03605 Below 90% significant
Kheouoara Y-0.0075X+9.7601 0.06633 Below 90% significant
Khulnha Y-0.0216X-18.974 0.19544 Below 90% significant
Kutubdia Y-0.0051X+ 13.929 0.03 Below 90% significant
M. Court Y=0.0308X-37.964 0.25317 Below 90% significant
Madariour Y=0.0544X-85.087 0.39698 95% significant
Mongla Y=0.0189X-12.947 0.10246 Below 90% significant
Mvmensingh Y=0.0052X+I1.72 0.04123 Below 90% significant
Patuakbali Y=0.012X+0.0178 0.1118 Below 90% silmificant
Rajshahi Y-0.0174X-11.961 0.13928 Below 90% significant
Rangamati Y--0.0331X+88.619 -0.22494 Below 90% significant
Rangour Y-0.015X-8.8751 0.13856 Below 90% significant
Sandwio Y-0.0075X +9.4306 0.0469 Below 90% significant
Satkhira Y --0.0052X+ 34.554 -0.0469 Below 90% signif-icant
Savedour Y-0.0014X+ 18.212 0.00894 Below 90% significant
Sitakunda Y=-0.024X+71.316 -0.17549 Below 90% significant
Srimongal Y=0.0008X +19.55 0.00707 Below 90% significant
Svlhet Y=0.0275X-33.84 0.27676 Below 90% significant
Tangail Y=0.0179X-13.165 0.09949 Below 90% significant
Teknaf Y=0.0342X-44.265 0.29376 Below 90% significant




Table A 3.10:] Regression equation and correlation coefficient| of average minimum
fempdrature  for different staigns _In Mayor! tn&per0 1976-200 ©
. - . Value of correlation N e e
Sldtlon ITENU1E eqUAtTion Co-efficient, (r) Stgmrr—cantmT nSTgrreant

Barisal Y-0.0163X-7.7967 0.17578 Below 90% significant
Bhola Y-0.0377X-50.164 0.40484 95% si,mificant
BOlzra Y-0.0319X-39.729 0.35355 95% sillnificant
Chandour Y-0.0463X-67.652 0.44418 99% sil'nificant
Chittagong Y-0.0361X-47.093 0.34626 95% significant
Chuadanga Y--0.0113X+47.639 -0.06855 Below 90% sil:mificant
Comiilia Y=0.0019X+20.185 0.02236 Below 90% significant
Cox's Bazar Y=0.0157X-6.0149 0.17117 Below 90% significant
Dhaka Y=0.0333X-41.76 0.3087 90% significant
Dinajpur Y-0.1052X-186.71 0.43646 95% significant
Faridpur Y-0.0466X-68.582 0.42118 99% significant
Fcni Y-0.0072X+9.9525 0.07549 Below 90% significant
Hativa Y--0.006X+36.973 -007 Below 90% significant
| Ishurdi Y-0.0485X-72.348 0.38832 95% significant
Jessore Y-0.0369X-48.564 0.3914 95% significant
Khcouoara Y-0.0227X-19.637 0.2184 Below 90% significant |
Khulna Y-0.0234X-21.493 0.25514 Below 90% significant
Kutubdia Y-0.009X+7.4084 0.05916 Below 90% significant
M. Court Y=0.0358X-46.477 0.36414 95% sil!nificant
Madariour Y=0.0627X-_100.56 0.6044 99.99% sil!nificant
Mongla Y=0.0005X+24.886 0.00316 Below 90% sil!nificant
Mvmensingh Y=0.061X-98.134 0.31859 90% significant
Patuakhali Y-0.0145X-3.594 0.18138 Below 90% significant
Raishahi Y-0.0376X-50.677 0.33749 95% significant
Rangamati Y--0.004 1X+32.055 -0.03316 Below 90% significant
Rangour Y-0.0167X-9.9952 0. 17606 Below 90% significant
Sandwio Y--0.0045X+34.131 -0.03605 Below 90% significant
Satkhira Y-0.0229X-20. 117 0.21679 Below 90% signif-icant
Savedour Y--0.0 171X+57.605 -0.08888 Below 90% significant
Sitakunda Y=0.0064X +11.951 0.0648 Bclow 90% significant |
Srimongal Y-0.006X+10.739 0.05567 Below 90% significant
Sylhet Y=0.0378X-52.61 0.36193 95% significant
Tangail Y=0.0198X-15.717 0.14282 Below 90% significant |
Teknaf Y=0.0263X-27.042 0.26925 Below 90% significant
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Table A 3.11: Regression

equation

nd correlation coeffici

nt for variation of total

rainfall in Winter for differpnt stations Tor the perflod 1976-2005 i

Station Trend Line Equation Value of correlation Significant!1 nsignificant |
coefTicient (1)

Barisal Y-0. 1929X-342.9 0.0374 Below 90% Signiﬁcant
Bhola Y=-0.7595X+ 1557.5 -0.15795 Below 90% Significant
Bogra Y=0.319X-603049 0.09899 Below 90% Significant
Chandpur Y=0.3566X-675.37 0.0894 Below 90% Significant
Chittagong Y-1.2352X-241604 0.24617 Below 90% Significant
Chuadanga Y--3.1214X+6279.2 -0.31890 Below 90% Significant
Comilla Y-0.682X-1313.6 0.14106 Below 90% Significant
Tangail Y--4.5686X+9167.7 -0.6135 99.9% Significant
Cox's Bazar Y-0.680 IX-1316.3 0.17 Below 90% Sil!nificant
Dhaka Y--0.3837X _+806.24 -0.1019 Below 90%_Sil!nificant
Dinaipur Y--0.3587X +746.27 -0.1077 Below 90% Sil!nificant
Faridpur Y=-0.2897X +622043 -0.06403 Below 90% Sillnificant
Feni Y=-0.2897X+622043 -0.0608 Below 90% Sil!nificant
Svlhct Y=0.5466X-1034.8 0.11 Below 90% Significant
Hath'a Y=00433X-845.51 0.09746 Below 90% Significant
Ishurdi Y--0.2452X+523.22 -0.06633 Below 90% Significant
Jessore Y--1.8484X+3731.4 -0.3248 90% Significant
Khepupara Y-0.8076X-1569.2 0.17748 Below 90% Significant
Khulna Y--0.315X+683.32 -0.04242 Below 90% Significant
Kutubdia Y--0.7291X+1490.7 -0.10583 Below 90% Significant
M. Court Y --004795X+995.97 -0.09643 Below 90% Significant
Madaripur Y--0.056X+ 149.65 -0.01414 Below 90% Significant
Mongla Y=-4,9615+9955.8 -0.5062 99% Sil'nificant
Mvmensingh Y=-00408X+847.73 -0.10295 Below 90% Sil!nificant
Patuakhali Y-0.0915X-146.62 0.02 Below 90% Sil'nificant
Rajshahi Y --1.022X+2070.7 -0.26057 Below 90% Sil!nificant
Rangamati Y-0.9471X-1843.5 0.1737 Below 90% Significant
Rangpur Y-0.1 094X-190.04 0.04899 Below 90% Significant
Shandwip Y-0.3654X-681.77 0.07 Below 90% Significant
Satkhira Y--0.9402X+1925.7 -0.16462 Below 90% Significant
Savedour Y--2.6209X+5263.9 -0.5342 99% Significant
Sitakunda Y-1.5201X-2995.7 0.31096 90% Significant
Srimangal Y-1.0422X-2028.2 0.2066 Below 90% Significant |
Teknaf Y-0.0891X-152.32 0.0244 Below 90% Significant

178



APPENDIX- B
(Effects of Climate Change on Boro Cultivation in Bangladesh)

179



Soil Texture: Silt Loam
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Table B 4.1: [ So1l parameters
Parameters Input data
Percentage of slope 1%
Run-off Moderatelv Low
Fertilitv Factor |
Run-off Curve Number 73
Albedo 0.11
Drainage_rate 0.4
Root growth factor 00to 1.0
Calculate missing value
o Lower limit
Drained upper limit
e Saturation, Bulk density (gm/em?
e Sat. hydraulic conduct (cmlh)
Fabte—B—42—Sotprofite—daia—for ngh GC{IIUCD H;vm F:UUJP:G;II (AEZ-”) (Fu Rajohah;
rellion soil ¢ata)
. Cation Exchange
Depth . Organic . . Total
Capacit .
Botom | O | SW | SN caon | PAT TR | Niogen
em (Yo B Y 76
5 6 19 0 .79 6.8 5.25 A1
15 6 19 0 .79 6.8 5.25 A1
30 6 19 0 75 6.8 5.25 10
45 6 19 0 .63 6.8 5.25 .09
Soil Texture: Sandy Loam
Tab:c B 43 SUI: plUf;:C Lato. fUI E DtCIII Sunlla-'r\uohyala F:uudp:aill (AEZ":G) (FUI
SSitetr regromsofttam)
. Cation Exchange
. Organic . . Total
Depth Clay Silt Stones gb pH In Capacity Nit
Bottom 0% 0% AV Ca[w?n Water mnqllﬁﬂgm ! rl(‘)’gen
Bm 1o YU
5 13 38 0 151 5.8 11.3 14
15 13 38 0 151 5.8 11.3 14
30 13 38 0 1.43 5.8 11.3 13
45 13 38 0 1.22 5.8 11.3 A1




I ablg B 44. Soil prnfiln data faor anlng I\/Ingh Estt al;i he. Elggdplain ‘AE7 1Q) (I:nr
Bans Tegron SarEea)
. Cation Exchange
. . . Total
BD ifth Clay Silt Stones (():rgznlc pH in Capacity Nitroaen
&_Oé__oé__(% arbon \\/ater meq/I00aqm 9
— em.._ 11 | VU ! ~ 1o
5 13 38 0 .79 6.5 5.25 .23
15 13 38 0 .79 6.5 5.25 .23
30 13 38 0 .75 6.5 5.25 22
45 13 38 0 .63 6.5 5.25 .19

Soil Texture: Silt Loam

Table B 4.5: Soil profile data for Gopalganj-Khulpa  Bils (AEZ-14) (For Jessore region
soil data
. Cation Exchange
. . . Total
Depth Clay Silt Stones Organic pH in Capacity . ota
Bottom o o 00 Carbon Water e Nitrogen
clTl OJy T ~J 7.—0
5 66 13 0 1.51 604 11.3 Al
15 66 13 0 1.51 604 11.3 Al
30 66 13 0 1.43 604 11.3 040
45 66 13 0 1.22 604 11.3 34

Soil Texlure: Clayey

T hla A6 Coil nrafiln Aot Ay Coannnc  Taida Cload loin (A7 12) (Eor Catlehiva
Fable—B—4-6—Seoilprofile—data—for—Ganges—FHdal—Hood—Plain—(AEZE3—Fer—Satkhira
region soil data)

. Cation Exchange
Depth . . .
Bot'fom Clay Silt Stones 2;?32:10 pH in Capacity N.'{otal
% % % , \Water meq/I00gm Itrogen

eI T = 76)
5 19 175 0 1.51 6.8 11.3 .23
15 19 175 0 1.51 6.8 11.3 .23
30 19 175 0 1.43 6.8 11.3 22
45 19 17.5 0 1.22 6.8 11.3 19

Soil Texture: Loamy
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Table} B 47: Soil profile data fof Low Ganggs River Flood Plain (AEZ-12)f (For
| MaUaf pur reglOn|sal Uhta |
. Cation Exchange
Depth l l . l l Organic l . . Total
Cla Silt Stones Hin Capacit .
Bottom n.?/ o of Carbon \i, ator mmﬁnnzm Nltrolgen
cm %% o ¥ —+
5 13 38 0 151 7.0 11.3 .23
15 13 38 0 151 7.0 11.3 .23
30 13 38 0 1.43 7.0 11.3 22
45 13 38 0 1.22 7.0 11.3 19
Soil Texture: Silt Loam
Table B 4.8 [Soil profifedata 1er Old Branaputra _ Flood Prain (AEZ-9) [(For
[ Mvmensingh  regioh soil datq)
. Cation Exchange
Depth . Organic : . Total
H Capacit .
Bottom | G2 | SM | SO | capon | P T Y Nitrogen
o JAV) a (0} %5 vvorceT e ooyt TN
5 13 38 0 .79 5.4 5.25 14
15 13 38 0 .79 5.4 5.25 14
30 13 38 0 .75 5.4 5.25 13
45 13 38 0 .63 5.4 5.25 A1
Soll Texture: Silt Loam
Table H 4.9: Soi[ profile pata for Nladhupur  Tfact (AEZ}I5) (For Tangail repion soil
[ data)
Depth Cla Silt Stones Organic H in Catlo(?a E():(iihange Total
Bottom . y n' " Carbon \[/)\/amr mpn/ﬁ 3 OZm Nitrogen
cm ) t > R
5 19 175 0 .79 5.2 5.25 14
15 19 175 0 .79 5.2 5.25 14
30 19 175 0 .75 5.2 5.25 13
45 19 175 0 .63 5.2 5.25 A1

Soil Texture: Loamy
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Table B 4.10: Predicted climatic parameters and stresses in different development
ofBR3 rice at Sylhet region in 2008, 2030, 2050 and 2070

phases

| () 2008 | | | | | | | |
Water Ytress Nitrogep  Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phuse Span M_RX M'in Rad [day] m Trans Photos | Gro Photos
Days U U MJIm*= nr mm Nith "t Nith Srowth
pEmergencefd g 23.6 134 123 10.81 59.3 75.2 0.000 | o000 | 0369 0.254
| Juvenile
Eﬂgojn”ve””'Pa”'d 12 23.3 17.4 7.7 11.21 146.4 22,0 0.000 |000 | 0133 0.043
Zallce LNiUon-Cng 40 276 20.7 11.9 1183 | 4045 1104 | 0000 [0o00 | 0137 0.005
Leaf Growth
£nd_Leal Crolh 9 28.7 23.6 8.2 12.44 173.8 15.4 0.000 | o000 | 0.234 0.0%
Begin Grain Filling
' Sr:;“s”e Filling 23 28.3 238 7.4 12.81 756.8 413 0000 000 ©0.Q35  0.000
| 1bI2030 | I |
Water Stress Nitrogdn Stress
Time Temp Temp Solar Photop Rain Evapo
Del'dopment  Phae Spun Max I\/llln. Rad. [dayl Imn Trans Photos Gro Photos I
| Days |9 C VIJTT T TITTIT Mith “th ynth AN
%
: 30 236 12.9 10.9 10.82 783 66.9 0.000 | 000 | 0348 0.236
Juvenile
E?t?oﬁuvcn'l'Pan'C| 10 25.0 17.9 113 11.21 36.8 24.6 0000 |[0.00 | 0336 0.184
Pallid_Inilion-End 40 270 | 208 9.2 1181 | 797.3 84.6 0000 |000 | 0.024 0.000
Leaf Gro\\th
T 10 28.7 24.6 6.3 12.43 260.4 143 0.000 | 000 | 0.000 0.000
Begin Grain Filling
' Sr::slg Filling I 23 275 241 47 1281 1246 2 0000 000 0000  0.000
le) 2050 | | | |
Water $tress Nitrogeh  Stress
Time Temp Temp Solar Photop Rain Evapo
Development _Phase Spm M_a’)‘(. M-Irl' Ra'd. [qayl nun Trans Photos Oro Photos —
Dadys v C TVIJTTTI TTT LLLRLLI )nth with )|1th Ve
e 27 23.9 141 115 10.79 52.2 65.0 0.000 | 0.00 | o0.404 0.274
Juvenile
E il.Pani
In?ﬂof]“"e”' anic) 9 26.6 183 118 1113 40.4 25.6 0.000 | O[O | 0.146 0.025
Ptmicl _Inition-End 38 203 | 205 13.0 1169 | 3941 1140 | 0000 | 000 | 0092 | 0038
Leaf Gro\\lh
End L :
0d_Leal CroNh 9 313 | 254 103 1227 162.1 245 0000 | 000 | ocox) | 0000
Begin Grain Filling
L S;:;’; Filling I 20 310 256 9.6 12.62 297.0 461 0.000 000  0.000 0.000
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| (d) 2070

Water tress Nitrog¢n Stn.~~
Time Temp Temp Solar Photop Rai Evapo
IXvelopment Phase Span Max Min Rad [day] ain Tnms p Ph
o o - 0! 0t0s | Gro —AML—GFUM'H'
| Days C C MJ/m hr T Jitth wih Yiith
LEmergenceEnd {5 25.8 16.1 121 10.75 346 56.9 0.000 |000 | 0515 0.358
Juvenile
Fnr;gof]uve”"’Pa"'C' 10 303 168 165 1,04 9.1 27 0000 |[o000 | 0757 0.577
Pallid Initian-End
. . . . . . 0000 . 21 0.131
Leaf GrO\th 33 3\9 23.0 13.2 11.53 176.9 113.9 0.00 | 0.210
End 1l aaf Gra\\th
- = 8 339 24.4 14.7 12.03 458 28.3 0.000 | 0.00 | 0.000 0.000
Bc.in  Gmin Fillin.
| grr::; Filling | 16 347 260 161 12.33 100.2 737 0000 000 0007  0.000
Table B 4.11: Predicted climatic parameters and stresses in different development phases

| : an}F\’? rice at Boqra rpginnI in 2008 ?0'2() ?0'—}(’) and I?()70 |
| (a) 2008 | [ | | | | |
Water $tress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] o Trans photos | Oro | Photos
Days °C C MJlm 1] LI Mith |\ Yith | o0 O
Eneras co:End 26 24.8 14.9 11.9 10.79 245 59.0 0010 20 | o525 0.367
Juvenile 9
Ww T 253 160 12.0 11.14 9.0 334 0000 | 000 | 0099 | 0000
Panicl Inilian-End
— 37 30.6 20.3 143 11.70 74.9 133.4 0.000 | 000 | 0115 0.046
Leaf Gro\\th
End Leaf Growth- 8 386 | 260 20.7 12.25 43 56.2 0.000 | 000 | 0.000 0.000
Be"in Grain Fillin.
' S;Z'S’; Filling | 17 414 27.4 231 12.56 15.2 141.0 0000 000  0.001 0.000
L l l l l L L l l
| (b) 2030 | | | | | | | |
| | | | | | | Water $tress Nitrogpn Stress
| Time | Temp Temp Solar Photop Rain | Evapo r
| Development Phase SDpan Mflx. Milt Rad.' [day) | = Trans Phatas | cra | Photos S
ays C C MJ/m hr Il1n ynth “th }"th
Emergence-End 28 24.7 13.1 10.1 111.81 109.4 58.0 0000 | o000 | 0386 0252 —
Juvenile
En venil-Pani
Ini?ioilu gnil-Fanicl 10 271 157 146 17 1.9 27.0 0000 | 000 | 0514 0.340 ==
Panid Inition-End
Coaf Growth 35 316 22.4 141 11.70 160.7 126.0 0.000 | 0.00 | 0.158 0.086 —
uEnd Leat Grouth, 8 355 | 247 169 1223 222 476 0000 | 0.00 | 0.082 0.000 =
Beoin Grain Fillinl.!,
'S;:L’; Fining T 391 272 195 1254 1265 1231 0000 000  0.091 0.045 —
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| (e) 2050 |

Water Jtress Nitrogdn Stress
Titne Temp Temp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [day] m Trans Phatas | Gro | Photos
| Days C (04 VIt 1] Tt ynth | wih yuth Growh
A 21 27.4 15.0 121 10.75 1.3 50.7 0.000 | 000 | 0501 —I=ZmE—
| Juvenile
ﬁ]r:td Juvenil-Panicl " 312 | 136 185 11.03 03 213 0000 | 000 | o780 | 0606
on
fanid lnilizn.Cnd 33 36.0 20.9 184 1153 30.7 1639 | 0000 | o000 | 0.139 0.000
Leaf Growth
-End—-eaf-Growth——
. o 7 39.1 27.1 20.5 12.02 TI.7 56.9 0.000 | 000 ] 0.000 U000
Begin Grain Filling |
IS}:Z'S'; Filling | 16 417 28.1 217 12.30 27.0 160 | 0.129 |0'1|5 | 0000 | 0.000
L 1 ] 1 1 1
| (@I2070 | [ [ [ [
Water dtress Nitroggn Stress
Time Temp Temp Solar I'hotop Rain Evapo
Development Phase Span Max Min. Rad. [day) mm Trans Photos | Gro | Photos
Days C U MJm nr T )IIth wih yuth Srovth—
e 20 27.2 17.3 10.9 10.74 3.7 463 0.000 |o0.00 | 0.490 0.338
Juvenile
Ti?gof:“’t"”'%mc' 8 387 191 19.0 10.98 00 2138 0000 |o0.00 | 0727 0.548
Paniel_Inition-End 31 38.1 23.6 18.1 11.41 46 152.6 0.000 |o0.00 | 0.170 0.130
Leaf Gro\\th
End_Leal Growih. 9 416 228 24.3 11.89 0\ 67.8 o.om |ese—{ 0.0m 0.000
Begin Grain Filling
| Grain Filling | 0.02
Bhass 14 402 277 195 12.18 11.0 89.0 0.0m Ij_l 0.0m 0.0m
Table B 4.12: Predicted climatic parameters and stresses in different development phases
. : of BR3 rice at Dinajpur_region_in 2008, 2030, 2050 and 2070
L L L
I (2) 2008 | I I I
| | Water qtress | Nitrogdn Stress
Time Temp | Temp Solar Photop Rain Evapo
i |
Vevelopment Phase Span Max I\/IIn. Rad. Iday] tuts Trans Photos | Gro | Photos |
Days C C VIJrm nr T )I’Ith wih ynth Srowt—-
[ Emoo(ucetnd | 5 25.0 14.4 114 10.74 545 56.0 0000 |o000 | 0493 | o338 }
Juvenile
End il-Panicl
Tr;lioiuvcm 2 12 26.0 147 153 1112 3.9 432 0.000 | 000 | 0.204 0116 }
Panid InilioH-End
Toat Growh 37 30.8 19.9 15.8 11.71 33.0 140.8 0.000 |o000 | 0114 0.050
End Leaf Growth-
Begin Grain Filling 9 32.0 21.9 17.3 12.30 1.0 38.4 o.om |ooo | 0114 0.000
' FE;II:sIZ Filling I 20 348 252 188 12.66 27.4 1070 0000 000 0138 0084 L
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| (b) 2030

Water dtress

Nitrogt. 'l Stress

Time Temp Temp Solar Photop | Rain Evapo
Span Max. Min. Rad [day] Trans Photos | Gro | Phatos F—emr
| Days °C °c | MJ/m | hr | | nun | o |"th | i | Growt
Emergence-End 28 252 123 118 10.76 447 64.0 0000 | 000 | 0394 | 0.255
Juvenile
End Juvenil-Panicl 10 27.4 15.7 156 11.14 25 295 0.000 | 000 | 0516 0.360
Initiou
Pallid Initicn-End 35 312 216 14.9 11.69 158.9 1296 | 0000 [ 000 | 0.289 0.140
Leaf Growth
End Leaf Gro” th- 9 36.2 223 19.1 12.25 31 56.6 0.000 | 000 | 0267 0.154
Begin Grain Filling | | |
| Grainfilling 16 | 35 | 247 | 181 | 1256 | 88 | 870 | 0000 | 000 | 0078 | 0.036
Phase
(e) 2050
Water dtress Nitrogep  Stress
Time Temp | Temp Solar Photop Rain Evapo
~vclopment Phase Span Max. Min. Rad. [day] - Trans phatos | Gra | Photos
| Days C C MJTm hr | | nun | yath |"th | ot | Gro\,,1h
- 22 27.4 a1 B3 |7 1 17 [ 547 [ 0000 T 000 [ 0530 [ 0371
I Juvenile ' . | I I I I I I
. 1 303 13.8 19.0 11.02 0.1 19.6 0.000 | 0.00 | 0.800 0.627
Inition
Panicllnition-End 34 363 | 200 201 1155 25.4 1799 | 0000 | 000 | 0200 | o0.108
Leaf Growlh
End Leaf Gro"th- 7 07 264 221 12.07 13 548 0000 | 000 | 0000 | 0000
Begin Grain Filling
illi 0.15
| Gram Filling 14 ' 416 | 257 217 1234 | 337 | 919 | 0131 0000 | 0000
Phase 9
(d) 2070
| | | | Water itress Nitrog&n Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] - Trans phatae | cra | Phatas _
| Days “C °C | MJ/mZ | hr | """ | 1101l | nth | n | it | Growth
i’:/‘gﬂﬁﬁ:ce{”d 20 28.4 163 | 136 | 10.69 | 33 | 545 | 0.000 |o.oo | 0.484 | 0.334
IEn”ifioJu“"e”"'Pa”'C' 8 376 185 187 10.94 0.0 212 | 0.000 |o.oo| 0.729 | 0.550
Panid Inilian-End
31 38.0 232 194 11.39 38 1554 | 0.000 | 0.00 | 0.170 0.131
| Leaf Gro"th
End Leaf Growth- 8 415 219 25.1 11.88 0.0 64.2 0.000 | 0.00 | 0.000 0.000
Be.in  Grain Filling |
) Gran Filling 14 ' o395 | 250 | 202 | 1216 | s | sz ooz | P9 | 0000 | 0000
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Table B 4.13: Predicted climatic parameters and stresses in different development phases
ofBR3 rice at Chand pur region in 2008, 2030, 2050 and 2070
| () 2008 | | | | | | | |
Water Jtress Nitrogdn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad [day] o Trans Photos oro | Photos
| [ Days U C I T TTOT ynth wth ynth —Sroth=
0.03
: 26 25.2 13.8 13.8 10.88 317 64.9 0.018 0.525 0.367
Juvenile 3
%W— 10 25.7 182 106 11.19 427 26.7 0.000 | o000 | 0.046 0.000
Panic! Inilion-End
. . . 14.1 _ 0.000 |o. 0.038 01
e L e 36 30.7 217 14.6 11.69 128.7 0.00 0.013
End_Leaf Growth- 8 344 | 260 17.0 12.19 11 405 0.000 [0.00 [ 0.000 0.000
Beato Grain Fillino
' g’;:s': Filling | 1s 353 26.9 178 1248 5.9 87.8 0000 000 0001  0.000
L L L L L L L L L
| (b12030 | | | | | | | |
| | | | Water Jtress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max Min Rad [day] mm Tnuts Photos | Gro | Photos
L L Yol o
| Days C C VIJIm nr mm ynlh \\th ynih OTOWth
Emt:rgem:e-End
L 24 26.2 14.4 11.9 10.86 36.4 60.4 0000 | o000 | 0.449 0.306
Juvenile
IEn”i?iOJnuve”"'Pa”'ﬂ " 281 153 185 11.16 18 3356 0000 | o000 | 0356 | 0211
Paniel_Inition-Eml 34 309 | 229 13.4 1164 311 1141 | 0000 | o000 | 0.070 0.041
Leaf Growth
End_Leal Crow. 9 323 | 259 157 12.13 21.0 38.1 0.000 | 0.00 | 0.000 0.000
Begin Grain Fillino
'S':Z;Z Filling I 18 34.2 27.2 14.7 12.44 36.0 72.0 0000 000  0.000 0.000
L 1 1 L 1 1 L 1 L
| (cl20s0 | [ [ [ [ [ [ [
Water §tress Nitrogeh Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase gpan M_ax. I\/I_ln. Rad. [day] - Trans Photos | Gro | Photos _
ays v v MJm i T ynth  [\th | 3itth | orome
Emergence-End 0.00
—Q_Juv = 21 27.4 16.1 13.4 10.84 14 55.0 0.000 —| 0473 0.325
End Juvcllil-Pani
T cliil-Panicl 10 205 16.1 14.9 11.09 23 203 0000 |000 | 0726 | o547
Panicl_Inition-
anicl_Inition-End 32 349 | 222 180 1153 238 1456 | 0000 | 000 | 0.209 0.119
Leaf Gro"th
End Leaf th-
nd_Leaf Growth 8 333 | 256 133 11.98 8.7 347 0.000 | 0.00 | 0.000 0.000
Begin Grain Filling
|E;Z'SZ Filling | 15 377 275 190 12.25 2038 913 0000 000  0.000 0.000
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(d) 2070

| ] | | | | Water $tress Nitrogg¢n Stress l

| Time Temp Temp Solar Pholop | Rai | Evapo

| Development Phase | Span Max. Min. Rad. [daYl | I'Y?(I;l | Trans Phot Gro [—Phot

Days C C MJ/m' hr mol N e T | Grolth

| E E d | | | ylllll T yIILII L

L _Emergence-en L 1 1 1 L 1 L L

= q. 19 27.9 18.9 109 I U871 726 1 7R o000 o000 0262 0316 |
JHventre . . | | | | | | | I"
End Juvenil-Panicl
Inition 8 36.6 182 182 11.04 03 217 0.000 | 0.00 | 0.702 | 0.523 |
Pallid Inilian-End

(RIS LR L 30 36.6 238 18.2 11.42 2.7 136.0 [—6-600—000—+otes——ot38—|
End Leaf Gro\\th- g 8.8 I I I I
Begin Grain Filling . | 26.6 20.3 | 11.84 | 0.9 | 50.5 0.000 | 11.00 | 0.013 | 0.000 |
Grain Fi"ing 15 38.1 27.9 17.6 12.11

| Phase | | . | . . | . | 4.6 | 78.8 | 0.000 | 11.00 | 0.1100 | 0.000 |

Table B 4.14: Predicted climatic parameters and stresses in different development phases

of BR3 rice at Jessore region in 2008, 2030, 2050 and 2070
| (8) 2008 | I | | |
) Water $tress Nitrogg¢n Stress
Time Temp Temp Solar Photop Rai Evapo
Development PhliSc Span Max. Min Rad [day] an Trans N
= e P 2 Phetes——Gre——Photos
Days ] € M3 hr nun unth b \nth Growth
| | | J | T | J |
— 24 25.0 15.3 TT7 086 | 107 | &86 | o000 L iioil osoa T oaeg |
I Juverne I | | |
End Juvenil-Panicl
T 11 26.2 175 111.7 TT.10 YA L 0000 1000 0139 1 0075 |
I Panicllnitioll-End ! | ! ! !
[T oaf CrOVIR 34 31.7 21.9 145 11.64 12.2 1345 | 0.000 10.00 | 0.049 [ 11.008 |
I End Leaf Gro\\th- 8 6.2 > 8 ! ! ! ! !
| Begin Grain Filling . 5.5 18.4 | 12.12 | 0.6 44.8 0o.ll1o | 0.00 11.000 0.1100
Grain Filling 18 394 2711
| Phase | . . 21.7 | 12.42 | 1.4 | 139.4 | 1I.IICXI| 0.00 | 0.0w | 0.0W |
| (b) 2030
_ Watt."f Ytress Nitrogln Stress
Time Temp | Temp Solar Photop Rai Evapo
Development Phase Span Max. Min. Rad. [daYl a_'.r.' Trans photos | 0o | Dhotec
Da C C MJTm hr mOl N ter N N Gro\\1h
| | | | T | T | IUIH |
- - 23 26.1 16.1 8.9 1086 | 381 1 4646 I'oow looo I o305 T 11267 |
Juverie | | | |
End Juvcnil-Panicl
itiot 11 27.3 141 175 1T.J4 29 3600 11,000 1000 i 0375 i 0228 i
Punicl Inition-End
I 33 32.6 22.7 15.8 11.61 28.8 134.1 0.0m 8-00——0-35—+—H993 |
l End Leaf Growth- . - 4ﬂ ! ! !
ST Gl =11 8 355 26-3 183 +2-67 | 55 | 479 | 07000 U300 01100 ORV[0L0]
Grain Filling 15 04 975
| Phase I . I . 20.7 12.34 | 2.9 | 100.0 | 0.000 |0.0II | 0.000 | 11.0110 |
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| (©) 2050 | | | | | |
| | | water $tress | Nitrogen Stress
Time Tt."lup TLp Solar Photop Rain Evapo
Development Pha& Spun N.l?..x' Mlg Ra'd. [day] . Trans Phates | GTo | photes | — ;
—Days C C M3 T T ynth th "11th
Emergence-End 20 285 16,5 14.1 10.83 0.8 55.4 0000 | %% | 0443 0.30!
Juvenile 6
U-Panicl =
‘E”d"lu“e‘miliw Femanc 9 24 55 192 1107 26.7 357 0.000 | 0.00 | 0203 0095 |
Panid Inition-End 32 36.9 21.9 185 11.49 135 1781 | 0000 | 000 | 0343 0.192
LCal'GT oIt
End LeafGrowth- 8 357 | 261 14.4 11.94 47 36.0 0.000 |e66— 0.000 0.000
Begin_Grain_Filling
| Grain Filling | 14 421 285 217 12.19 8.4 1076 0049 % 0000 0000 |
FidsSe
| (d) 2070 | | | | | | | | |
Watc...., Jtress Nitroglan Stress
Time Temp Tt."lup Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. Iday] - Trans Phatos | Gro | phates
Days U U MJ'm hr mm ynth "th ynth Growth
Emcrgl."llce-End
=ik 19 283 195 101 10.83 5.2 470 0000 | 000 | 0.407 0.265
Fnr:?mﬂ“vc””'Pa”'Cl 7 30.8 196 195 11.03 0.0 244 0000 | o000 | 0637 | 0462
Pallicl _Initicn-End 30 388 | 242 183 11.40 3.2 1477 | 0000 | o000 | 0202 0.149
ﬁl OTUNLTT
End Leaf Gro"th-
ST GTA g 8 420 | 271 215 11.82 0.4 55.9 0.000 | 000 | 0.000 0.000
in Fillin
| Srein Filling | 15 410 279 216 12.09 11.9 1018 0000 000  0.000 0.000
Nl

Table B 4.15: Predicted climatic parameters and stresses in different development phases
of BR3 rice at Comilla_region in 2008, 2030, 2050 and 2070

| (2) 2008 | | | | | | | | |
Water $tress Nitroglan Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Spar] Max. Min. Rad. [day] Trans bhatae | Are | Phatac
ave C Wifa) IWETAN L aaraa: T .
Bay o C i hr ™ot ynth “th yntiL Grmvth
Emergence-End 0.03
e 27 25.0 133 135 10.88 475 69.9 0014 [ 0510 0.352
il-Panicl
E:fwj,‘]”e”' : 9 25.7 18.0 117 11.19 35.7 23.0 D.000| 000 | 0043 0.000
icl Inition-End
Panicl Inition-En 37 29.7 211 13.9 11.70 30.1 1255 | 0000 | 000 | 0.028 0.006
ﬁ' OTUNLTT
.E%%_ 9 314 | 235 12.9 12.23 2.9 318 0000 |000 | 000t | 0000
Grain Filling | 19 348 251 185 1254 143 93.9 0.000 000  0.009 0.000
T 11ast
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(b) 2030
Watl.'T $tress Nitrogeh  Stres..'i
Time Temp Temp Solar Pholop Rai Evapo
Development  Phase Span Max. Min. Ibd. [d.1Y] “i':] Tralls phatae | cra | phatac
ays C C MJ/m' hr mm etk Ne— V. Growth
I I I I I | I
PR 26 755 | I35 2T | 1087 1 5872 I w80 o000 fooo | ozos 1 oom
Juvente I I | | | | | |
venil-Panicl
iri‘goi”e anic 10 28.1 14.8 183 11.18 | 13 | 323 | 0.000 |o.oo | 0371 | 0.226 |
Panid Initicn-End
e 35 30.2 22.3 137  |—H6F——8++——4266———6-006—0-00——0:09——o001—
I End Leaf Gro\\th ! ! I I I I I
Begin Grain Fillino 9 315 | 255 135 12.18 | 50.2 30.5 0.000 |o.oo 0.0(K) | 0.000
Grain Filling
| Phase 19 33.2 | 26.5 14.9 | 12.50 | 82.1 | 71.9 | 0.000 | 0.00 | 0.000 | 0.000 |
(e) 2050
) Water ‘ltress Nitroggn Stress
Time Temp | Temp Solar Pholop Rain Evapo
Development  Phase Span Max. Min. Rad Iday) - Tran."0 Phatae | coa | ohasac
Days C C MJ/m' hr mm " Gro\th
| | L wth JTIt | |
Emergence-End a0n
- 22 26.8 5.7 33 10383 15 | ©®rZ4 T o0o0n 0486 | 0.335
JHventte I I 5 |
End Juvenil.Panicl
— 10 2&.6 156 5.1 T110 i T9 i T9.T i 0000 [ 000 [0.738 i 0508 i
PaniC} Initiol1-End
M ,}\m‘mh 33 34.3 22.2 17.3 156 i 292 i 1279 i 0.000 iu.uu i 0.193 i 0.115 i
End LeafGro\\1h.
Begin Grain FilliJH! 8 34.4 25.9 15.6 12.03 24.9 | 35.1 | 0.000 |o.00 | 0.000 | 0.000 |
Grain Filling
I Phase \8 36.5 I 27.3 17.2 I 12.33 I 35.6 | 93.6 | 0.000 |0.00 | 0.004 | 0.000 |
(d) 2070
. Water Jtress Nitrogep  Stress
Time Temp | Temp Solar Photop Rain Evapo
Development  Phase Span M'ax M.in Rad [dayl | '~ Trans bhatae | cra | bhatac
— C MJ/m' hr mm N Growth
| | | | | )IILII | LT | )J.J.l" | |
Eme[genr‘n-Fan
; 20 27.7 \7.6 11.5 I 10.82 I 4.2 I 50.3 I 0.000 Iouo I 0474 I 02326 I
End Juvenil-Panicl
- 8 35.7 17.0 18.3 11.05 0.4 I 19.6 I 0.000 I 0.00 I 0.719 I 0539 I
Panid Initian-End
i ool Croih 31 36.2 235 18.2 1145  |—8+F— I|_1'4'5'e_|_éwee_ ! II'G'OG—I—G'fI"G—I—G'IIZ_ ! - ! - I
End Leaf C'rrowth.
Begin Grain Fillin 7 38.7 26.3 20.7 | 11.88 1.1 | 445 | 0.000 |ooo | 0.062 | 0.000 |
Grain Filling
| Phase 15 38.6 | 27.7 17.7 | 12.13 | 7.2 | 82.9 | 0.000 | 0.00 | 0.000 | 0.000 |
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Table B 4.16: Predicted climatic parameters and stresses in different development phases

of BR3 rice at Madaripur region in 2008, 2030, 2050 and 2070

I (a) 2008 | I I I I I I I I I
| | | [ [ | | | Water ftress Nitrogh.:n Stres.se |
Time Temp Temp Solar Photop Rain | Evapo -
Development - Phase ipan N.'?,X N.",T fﬁd', {‘?ay] mm Trans Photos Gro Photos ,
oays A\ A\ TVIOTTIT LIl TTUTT )'nth \\lh |nth OTOWTLT _
Emergence-End 0.Q2 |
Tovenile 25 247 14.3 12.4 10.87 315 62.7 0.014 3 0.509 0354 =
End Juvenil-Panicl _
Thiion 11 25.8 17.3 114 11.18 54.6 25.4 0.000 0.00 0.380 0.206
Panic! Inition-End
(e GO 35 311 2\.9 14.6 1\.68 13.6 132.5 0.000 0.00 0.240 0.142
End Leaf Gro"th-
R 8 35.2 25.8 17.8 12.17 \.8 38.9 0.000 0.00 0.085 0.000 =
Grain Fillin
| e 9 | 16 36.5 26.5 19.7 12.44 2.3 98.2 0.000 0.00 0.042 0.015 L
I (b) 2030 | I I I I I I I I
| | | | Water $tress Nitroglan Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span M_ax. M.in. Rad. [day] - Trans Phat cra | photae
S € € ST T mm jnthqs \1h jil1th GTOWtT
Emergence-End
Toverile 25 25.9 14.8 11.2 10.87 30.1 63.2 0.000 0.00 0.413 0.280
End Juvcllil-Pallicl
Thitiou 10 28.2 155 17.6 11.17 2.6 29.8 0000 0.00 0.420 0.276
Panid Inition-End
—T T 34 31.2 22.7 135 1\.64 28.5 117.6 0.000 0.00 0.375 0.251
End Leaf Gro,,1h-
B0 A g 8 33.6 26.0 15.6 12.12 17.4 35.8 0.000 0.00 0.000 0.000
Grain Fillin
| - 9 | % 35.3 27.\ 16.4 12.39 \.6 72.7 0.000 0.00 0.0CXI 0.000
I (e) 2050 | I | I | |
| | Waler $tress Nitroglen Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min Rad. [day] nun Trans Phatas | Gro | Phatas
Bays € & A Hm TITITT jnth wih jllth Grofth
Emergence-End
NIV 20 27.8 16.2 13.9 10.83 0.6 53.2 0.000 0.02 0.443 0.302
End Juvcllil-Panicl
Thcion 10 30.3 \5.9 16.4 11.08 1.9 22.4 0.000 0.00 0.685 0.506
Panid Inition-End
Toat Gro™h 32 35.5 21.9 17.8 1151 21.0 150.8 0.000 0.00 0.341 0.218
End Lcaf Gro,,,th-
5COomGram TS 8 34.1 25.5 14.4 \.% 8.8 329 0.000 0.00 0.000 0.000
Grain Fillin
9 | 15 39.2 27.6 195 12.22 23.1 88.9 0.000 0.00 0.000 0.000

SE

191



| (d) 2070 |

Nitroglan Stress

192

| | | Water $tress
| Time Temp Temp Solar Pholop Rain Evapo
Development Phase Span Max. Min. R"d. [day) Trans Photos | oro | Ph
otos
Days ‘e ‘e MJI/m' hr mm mm . — Gro\\th
JL LI ANTARD 1L 11T
Emergence-End 19 275 19.1 93 10.83 423 423 0000 1000 0450 0308
:En?tdioiuveml-PamCI o] 37T 1878 1878 107 02 233 0.000 U.00 0672 0.494 c
Panid_Inilion-End 0 5 | 239 84 1142 17 1348 | 0000 | 000 | 0286 | o195 F
TeafoTowth
End Leaf 01OWLN- 8 398 | 266 20.9 11.84 0.7 49.2 0.000 | 0.00 | 0.000 0000
pegin Omin FIing
Grain Filling | 14 38.6 27.8 17.9 12.10 9.0 74.4 0.000 000  0.000 0000 L
Table B 4.17: Predicted climatic parameters and stresses in different development phases
ofBR3 rice at Mymensingh region in 2008, 2030, 2050 and 2070
| 2ai2008 | | | | | | | |
Water ptress Nitrogg¢n Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] Trans bhot 010 | phot
‘a 'n VTR L H faifal otos —
—Bo— £ £ I t TTTm YLith \th )11th GrottitT
Emergence-End 28 234 14.0 116 1081 2.7 66.2 0000 2291 o503 | 0345
Juvenile 4
ﬁ:flof]”"e”"'Pa"'c' 12 24.8 171 114 IUo 26.7 323 0.000 | 000 | 0.124 0.037
Panicllnition-End
Bt 37 28.9 209 128 11.77 193.4 116.9 0.000 | 0.00 | 0.094 0.000
wth-
% 9 34.0 24.8 15.7 12.34 6.7 35.6 0.000 | 0.00 | 0174 0.000
in Fillin
| S.r.:la: Filling | 19 340 256 13\ 1267 80.9 69.6 0000 000 0042  0.000
| (B2030 |
Water $trc.'is Nitrogtl.'lBtres.-;
Time Temp Temp Solar Photop Rain Evapo
Development  Phao;e Span Max. M_ig. Rad._ [day] - Trans phatae | Are | Dhatae
Days C C MJrm nr mm )11th “\h yuth Gn)\\th
-E
Eml."7gence-End 28 24.0 134 11.0 10.81 58.7 64.5 0.000 | 000 | 0392 0263
JUVETITE
il-Panicl
:En':goiuve”' anie 1 25.9 16.9 121 11.19 7.4 233 0.000 | o000 | 0.467 0.307
lnition.£
% 37 289 | 220 10.9 1175 | 3100 1007 | 0000 | o000 | 0.028 | 0.000
% 8 34.0 25.6 138 12.30 45 305 0.000 | o000 | 0.000 0.000
iliain  Filli
L:?;:e ting | 20 317 258 9.3 1263 360.6 46.9 0.000 000  0.000 0.000



I (© 2050 | I I I I I

Water $tress Nitroggn ~ Strcs..,;;
Time Temp Temp Solar Pholop Rain Evapo
Development  Phase Span Max. Min. Rod. [dayj Trans phatae | cra | bhat
(o} o) rerryan TaTiTal — 2 QS|
yS U U IVIJTTTT nr mm yﬂth "h )1101 GI’OII[
Emergence-End 24 25.9 147 11.9 10.78 25 55.5 0000 221 4517 0.360
Juvenile >
% 10 26.7 145 133 11.09 75 770 U000 (000 | 0.726 0569 F
L
Panic! Inilian-End 35 335 | 204 16.9 11.60 28 1426 | oono ool 0202 | o132
h-
End Leaf Growt 8 345 26.4 145 12.13 34.1 318 0.000 | 000 | 0.000 0.000
be.in - Gmin I—IIIII'Ig
l GF rain Filling | 18 36.9 26.8 16.8 12.45 57.7 93.7 0000 000 0.079 0.044 |
N]+
I (d) 2070 | I I I I I I I
| | | | Water $tress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span Max. Min. Rod. [dayJ . Tmns ohotos | cra | photae
oays T |9 VIJTTTT nr mm )nth with )1ltI’I GroOW\lh
Emergence-End 22 26.3 16.6 111 10.76 6.4 50.5 0.000 | 0.00 | 0.503 0.349
Juvt.mle
il-Panicl
angof]wm" Pan 8 34.2 16.5 18.2 11.03 13 16.4 0000 | 000 | 0.747 0.568
i ilian-End
Panid Inilian 31 349 | 232 16.1 11.46 124 1402 | 0000 [o000 | 0238 | 0144
ﬁl OTUNLTT
End Leaf Growth-
L 9 39.6 226 20.1 11.94 14 51.4 0000 | 000 | 0.000 0.000
in Filli
 Cruin Filling | 15 366 273 16.4 12.24 456 76.1 0000 000 0000  0.000

Bla
T ast

Table B 4.18: Predicted climatic parameters and stresses in different development phases

ofBR3 rimln at Tangail reqi in 70()Rr 2030 I?()'—'a() ;an(II 2070 : |
0 T g g
| fa) 2008 | [ [ [ [ [
Water Jtress NitrogIn Stress
Time Temp Temp Solar Pholop Rain Evapo
IJcvelopment  Phase Span Max. Min. Rad. [day] . Trans phatee | Ora | Dhatas
| C C MJ7m’ hr ITIm ynth nth ynth Growth
Emergence-End 0.0 1
STenTe 26 24.6 14.9 12.0 10.82 18.7 61.0 0.001 3 0.527 0.368
i-Panicl
E:ﬁuﬂuveml Panic 10 24.9 16.7 103 11.15 36.7 242 0000 [000 | 0048 | 0000
iclInition-End
%’CII”'“O” 0 37 302 | 208 135 11.68 54.4 1267 | 0000 |0.00 | 0.051 0.017
I OTUWUT
% 8 38.0 26.0 20.1 12.22 05 51.4 0.000 |[0.00 | 0.000 0.000

|G”"'b: Filling | 17 419 275 2238 12552 129 1471 0000 000  0.000 0.000
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(b) 2030

Water Stress

Nitrogen Stress

Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max Min Rad (day] Trans Phot & Photos !
DayS 'C (\ M'Ilm2 hr TIoT e T 1TOT0S o100 1 ":’U\\lh
| | | | y'ih | Wh | ynth | |
nce-End
i:‘\"/g;ﬂi 27 2.8 137 100 10.83 109A 57A 0000 | 000 | oaoco| o268
nd Juvcnil-Panicl
IIEnition 10 27A 15.3 16A 11.17 0.8 21.7 0.000 0.00 0.524 0.356
PL.micl Inilion-End
| Leul' Gro\\th | 34 3\.6 22.6 | 14.0 | 1\.67 | 92.1 | 1232 | 0.000 | 0.00 | 0.124 | 0.065 |
End Leaf Gmwth-
Begin Grain FillinQ 8 36.3 26.0 17.8 12.18 19.1 46.0 0.000 0.00 0.000 0.000
Grain Filling
18 39.8 27.3 19.3 12A8 5 . . . .
| Phase | | | | 43 | 116.0 | 0.000 | 0.00 0.050 | 0.011 |
| (c) 2050 | | | | | | |
Water $tress Nitrogen  Stress
Time Temp | Temp Solar Photop Rain Evapo
Development Phase Span Max, Min. Rad [day] Trans | S
Days °C C M.I/ru! | hr | AN | . | i | o Vit | Oro\Nth—
E ence-End
J&?f,r,ﬁ”e 21 27.2 15.3 12A 10.78 0.8 | 52.2 0.000 | 000 | 0500 0346
End Juvenil-Panicl
Inition ] 30.9 13.9 17.3 1\.06 0.8 | 20.7 0.000 0.00 0.775 0.60(J
Panid Inilion-End
Leaf Growth 33 360 21.3 17.8 1\.54 90.6 | 158.3 0.000 [ 0.00 | 0.177 0.092
End Leaf Gro"th-
Begin Grain Fillim! 7 37.3 26.6 18.6 12.02 13.7 | 455 0.000 0.00 0.000 0.000
Grain Filling 0.09
|Phasc 14 4\4 29.0 20.5 1227 19.9 | 99.1 |0.069 3 0.000 | 0.000 |
(d) 2070
Water $tress Nitroggn Stress
Time Temp Temp Solar Photo}) Rain Evapo
Development  Phase Span Max. Min. |—-Rad——  [day) Trans e totTS——6TT——P TS
Days C 'C MJ/m' | hr | mm | n | e | = 7T | f"w_l
Emergence-End
Juvenile 20 26.9 17.9 102 | 10.77 | 35 | 43.7 0.000 0.00 (JA83 0.333
End Jnvenil-Panicl
Inition 8 38A 19.3 19.1 | 1\.01 | 0.0 | 2\.8 0.000 0.00 0.721 0.542
Pallid Inition-End
Leaf Gro"th 32 38.1 23.8 17.7 | 1\.44 | 7.3 | 156.2 0.000 0.00 0.169 0.128
End Leaf Gro"th-
ngin 2rain Filling 9 N6 23.2 | 23A | 1,92 | 0.6 | 62.8 0.000 | 000 | 0.000 0.000
Grain Filling
Phasc 14 39.6 28.2 | 19.1 | 12.20 | 20.3 | 9\.6 | 0.000 | 0.00 | 0.000 | 0.000 |
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Table B 4.19: Predicted climatic parameters and stresses in different development phases
of BR3 rice at Satkhira region in 2008, 2030, 2050 and 2070

195

| (2) 2008 | | | | | | | | |
Water [tress Nitrogen Stress
Time Temp | Temp Solar Photop Rain Evapo
| Development  Pha<;c Spun Max. Min. Rad. [day] Trans Dhatoe | o L
| Days C [ ™o = R it | Win | ynu [OERE
Emergence-End 23 253 15.9 114 10.88 15.2 54.2 0000 | 0.00 | 0491 0.339
IEr:‘I‘IjIOJn”VC”"'Pa”'C' " 26.4 17.9 118 11.16 36.1 201 0000 | 000 | 0278 | 0 130
Pallid Inition-End
Wi L LS 34 3L6 222 146 11.63 105 1334 | 0000 | 000 | 0254 0.131
1h-
%F 8 353 25.2 17.8 12.10 03 432 0.000 | 0.00 | 0.000 0.000
in Fillin
Grain Filling | 16 385 266 20.9 [2.36 1.9 1093 0000 000  0.000 0.000
| (b) 2030 | | | | | |
Water ptress Nitrogln Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Pha"iC Span Max. Min. Rad. [dayj - Trans bhatae | cra | Dhatac
(0] Q ——
Vs € C YLl nr mm ynth W11 ynih Growth
ce-End
pEmergen 22 265 171 8.9 10.87 26.4 429 0.000 | 0.00 | 0433 0.290
I JUVETIIE
il-Panicl
I ﬁ?ﬁotuven” Pan 11 26.8 14.7 158 1114 14.1 37.0 0000 | 000 | 0315 | o181
Panid Inilian-End
L 32 327 2.7 16.6 1159 213 1377 | 0000 | 0.00 | 0388 0.247
th-
End Leaf rrov 8 366 | 262 184 12.03 4.4 39.3 0.000 ooo—| oo 0.000
rain Fillin
|GF g | 15 392 274 196 12.29 3.2 99.1 0.000 %l 0.000 0.000
| (e) 2050 | | | | | | |
Water $tress Nitrogln Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Mua’)\(. NLI,I,n, Rad [dlav] o Trans D Gio—|_photes
Bays C € M3 T | Yilth wih )1lth Orownln
Emergt. l1ce-Elld 19 283 16.8 140 10.85 0.9 52.2 0000 21 438 0.298
JUVETIIE c
Ju\'cnil-Panicl
E]?gon 9 323 1538 192 11.07 0.6 238 0000 | o000 | 0680 0.502
anid hlition-End
P 31 368 | 221 19.0 11.47 9.3 1564 | 0000 |000 | 0.257 0.117
FLear GrowIn
End Leaf Growth-
| ¢ 36.1 25.9 142 11.89 58 353 0.000 [T00 | 0.075 0.025
in Fillin
Gra 9 14 409 282 20.9 1214 23 91.4 0.041 I%I 0.004 0.000




(d) 2070

N itroglan

Wah i1 ptress Stress
Tim~| Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span Max. Min. Rad. {day] e Trans photos—L Gre | phates F——
Days C C MJIm hr mm nth \th ~nth Growth
—Ereraenea-tad T
Juvenile 17 29.3 21.1 10.4 10.84 5.9 432 0.000 | 0.00 | 0.382 0.227 |
End Juvenil~Panicl
Inmou” 7 375 17.9 19.2 11.02 0.1 27.2 0.000 | 0.00 | 0.597 0.429
Pallid Inition-End i
o 30 38.6 24.4 18.3 11.37 3.7 137.4 0.000 | 0.00 | 0.261 0.193
End Leaf Growth-
R 7 418 27.6 22.0 11.77 0.5 47.3 (000 | 0.00 | 0.000 0.000
Grain Fillin
| P;:'SZ 9 | 15 411 280 21.4 12.02 3.0 99.9 0000 000 0000 0000 |
Table B 4.20: Predicted climatic parameters and stresses in different development phases
FimimY W] : +t Doaolaolas : 3 fa¥al [aYaYa) laYaYulal laYatwiaY
UTDINTS FTUE dU T\gjplridiir TCYIUIT 11T U y &UD cUJU dl [AVEAV)
(a) 2008
Water $tress Nitroggn  Stress
Time Temp Tc2llp Solar Photop Rain Evapo
Uevclopment  Phase Epan Ma’)\(. MIE Rad. [daYl - Trans bhatac Cra Dl
Bays V7 C VSt nr nUIl ~nth W1h lth Gro\ln
Emergencc-End 0.02
Sovenie 17 246 15.4 12.7 10.74 5.6 420 0.010 - 0.451 0.309
il-Panicl
Fr:‘[jl OJr:"’C”' il 17 26.4 16.9 11.8 11.03 24.4 416 0.000 | 0.00 | 0.304 0.186
Panid Inition-Elld
ani 33 337 | 232 16.0 1159 33.0 156.8 0.000 | 000 | 0.405 0.272
FLear Growm
d L Growth-
End Lear Orowih. = 8 49 | 272 218 12.08 1.0 59.7 0.000 [T00 | 0000 [ 0000
Grain Fillin
9 | 16 432 283 243 1237 96 146 0154 L2221 o000 0000
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(12030

Water |Stress

Nitrorlen Stress

Time Temp | Temp Solar Photop Rain Evapo
Development Pha~ ;pan Moax. N(I)|(r; MR;d" rd:w st Trans OO ——Gro——PTotes -
ays C m | [ mm | YTt | VI Y™Tih
Emergence-End 19 255 133 9.6 10.76 471 375 0000 | 000 | 0495 0.344
Juvenile
il-Panicl
ﬁ]?ﬂoﬂuve” anic 20 26.0 15.1 14.2 11.1) 1423 532 0000 | 000 | 0428 | 0282
i ition-En
Paniet luition-End 33 330 | 222 16.6 1171 714 1406 | 0000 | 000 | 0359 | 0232
Leaf Gro"th .
h-
End Leaf Gro\th 8 02 257 202 12.20 2.7 529 0000 | 000 | o202 0.000
in Fillin i
Grain Filling 18 425 27.7 222 1251 447 1410 , 0000 | %% 1 5003 0.000
| Phase | 3 |
| (cl2050 | | | | |
Water $tress Nitrog|-~Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span Max. Min Rad [day] Trans s A .
o o ' LAl 0 TS i TTUROS Growth
Days C C MJ/m hr 10m | o wih iy | |
Emergence-End =00
. 7 771 17.2 TIT T0.85 20 21 [ ooon 047
[ 2 |_g'3g'7_|
End Juvenil-Panicl
|ni(t1ioJu 16 32.0 13.1 18.8 11.07 0.2 40.5 0.000 |0.00 | 0.751 0.581
Panid Initian-End
L cafGrowth 32 374 20.9 20.1 11.53 16.6 162.3 0.000 ]0.00 | 0.315 0.187
End. Leaf .Gro Fh- 8 36.2 26.0 15.6 11.% 103 491 0.000 0.00 0.000 0.000
o Eill
Grain Filling 17 432 28.9 226 12.23 123 1190 0108 |9 | 0.000 0.000
| Phase | | 1 | |
(d12070
Watt.'f $tress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase SDpan Moaz. h/(l)l:l‘ M??/i . rdi\n s T::TQ PO —Gro——PRomT ..
| ays | | | """ | ynth | wih | yuth | e |
Emergence-End
Juvenle 20 26.9 17.7 | 8.7 | 10.77 | 5.9 | 40.1 | 0.000 | 0.00 | 0.462 | 0.316 |
uvenil-Panicl
EHSOJn 8 39.8 19.9 19.3 1\.00 | 0.0 | 23.1 | 0.000 |o0.00 | 0701 0.523
Panid Inition-End
Leaf Growth 32 39.7 24.2 19.1 1\.44 | 46 | 163.6 | 0.000 |0.00 | 0.180 0.125
"th-
jEnd Leaf Grotth- 8 23 226 %53 r— | 0 | 557 | 80t5—| 0.00 U
| Grain Fillin .07
9 14 416 28.6 20.2 12.18 | 79 | 8 | 0029 og 0000 | 0000 |

| Phasc
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Table B 4.21: Predicted climatic parameters and stresses in different development phases
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ofBRI4 rice at Sylhet region in 2008, 2030, 2050 and 2070
I (a) 2008 | I I I I I I I I
) Water [Stress Nitroglan Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] | Trans Phatos | cra | bhotae
vays C C MJ7m hr mol ynth wth ynth Gro\\lh
Emergence-End
?ﬁgh= 21 235 12.4 13.0 10.74 23.2 55.1 0.000 | 0.00 | 0.494 0.336
End Juvenil-Panicl
TP 22 23.7 16.4 9.9 11.15 184.0 48.4 0.000 0.00 0.090 0.036
Panicl Initicn-End
| 39 217 211 116 11.87 405.3 106.2 0.000 | 0.00 | 0.181 0.032
End Lear Growth-
MR GFaim g 10 28.5 23.9 7.3 12.47 2145 16.0 0.000 0.00 0.298 0.108
Grain Fillin
| - 9 | 28 28.7 23.9 7.7 12.90 879.0 54.1 0.000 0.00 0.001 0.000
| (b12030 | | | | | |
) Water $tress Nitroggn Stress
Time Temp | Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] nf'n Trans phatas | cen | oot
Days T T MJTm hr mm nth wih ynth Growth
Emergence-End
Juvcn?u: 21 23.7 12.7 9.9 10.74 47.8 42.1 0.000 0.00 0.470 0.316
End Juvenil-Pmticl
ee——— 2L 245 16.1 12.0 11.14 77.3 55.3 0.000 | 0.00 | 0.287 0.175
Paniel Initlon-End
40 27.1 21.0 9.0 11.86 822.5 81.7 0.000 000 0.032 0.000
End Lear Growth-
—BegT e 10 28.3 24.6 5.8 12.47 304.4 12.7 0.000 0.00 0.001 0.000
Grain Fillin
|F < 9 | 28 28.1 24.5 5.3 12.90 1429 36 0.000 0.00 0.000 0.000
| ©) 2050 | | | | | |
| _ | Water $tress Nitrogén Stress
. Time Temp Temp Solar Photop Rain Evapo
Development  Pha'ic Span Muax l\/(l)in. Rad. [day] n Trans photos | Gro | phates
DAy Fal Py AeeTdepmand N {0 |
oays C C M3 L T ynth wth )nth Growith
Emergence-End
TOVenTTe 19 234 15.0 10.1 10.73 36.9 41.3 0.000 0.00 0.493 0.342
End Juvcnil-Panic!
o 18 26.2 15.7 13.7 1106 55.7 53.1 0.000 0.00 0.294 0.154
Panic! Inition-End
e S 38 29.2 20.7 12.8 11.71 415.0 109.4 0.000 0.00 0.070 0.029
End Lear Growth-
—ETTT T 9 319 25.5 10.9 12.29 148.2 23.7 0.000 0.00 0.000 0.000
Grain Fillin
| g | 25 31.2 25.6 9.2 12.70 399.2 58.9 0.000 0.00 0.000 0.000




| (d) 2070 |

Water $tress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Spaa Mw\. Min. Rad. [day] o Trans hatas | cio | Dhcice |
C C MJ/m’ hr mm ynth wih ymh Gro\\th
% 16 24.9 16.8 108 10.70 27.4 38.2 0.000 | 0.00 | 0475 11.328
.~-Nil-Panicl
IE:::IOJUUVC 15 295 155 165 10.97 128 377 000) | 0.011| 0769 | 0597
Panicl Inition-End
o 33 317 22.8 131 13,51 1795 115 | 0000 | o001 0231 0.144
End Leaf Gro\\th-
nd__ed 8 34.1 24.1 156 12.01 253 30.8 0ool) | 1L10| oo 11,000
eolin rain Fiino
Grain Fillin
| oo | 22 331 258 131 1238 5270 80.0 0.000 000 0000  0.000

Table B 4.22: Predicted climatic parameters and stresses in different development phases
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[ [ OTD] T ZUOU, [ ZUJU ity ZUTU [
| (@ 2008 | I | | |
| | | Water $tress Nitrogeln Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Pha<;c | Span 'V!,a’i( Mf|\n Rad. [daYI on Trans phatae | cra | Bhatac
oays 19 C VIJTTTIT nr mm ynth \\th ynth Gro\\ln
-End
%‘?Ce— 19 246 132 13.9 10.85 263 0.0 0000 | 000 | 0.000 0.000
il-Panicl
.ﬁ.’l‘goiuve”'l 18 25.9 18.1 9.9 .15 52.8 0.0 0000 [ 0.00 | oo00 | o000
id Initioll-End
Palli 35 309 | 217 155 11.71 118 0.0 0000 | 000 | 0000 0.000
Rl AV
End Le.:1.fGrO\\-th-
Bl e a1 i 9 33.8 25.2 16.5 12.20 14 0.0 0.000 0.00 0.0(X) 0.000
Gmin Fillin
[ >m g | 23 349 264 177 12.55 5.0 0.0 (1000 000  owix 0.000
| /b12030 | | | | I | |
| | | Water Btress Nitrogeln Stress
Time Temp Temp Solar Pholop Ralli Evapo
Development  Phase Span Max Min. Rad. [day] i TrallS Phatos L oo | orce
| C C MJ/m hr Imn ynth \\th ynth Gro\\lh
Emergence-End
17 26.2 145 11.7 10.84 7.4 414 0.000 0.00 0.450 0.308
JUVETIIe
End Juvcnil-Pallicl
T 18 27.1 15.9 158 11.12 23.4 53.0 0.000 0.00 0457 0.294
Panid hlitioll-End
eaferov 34 30.8 22.7 13.1 11.65 25.7 109.7 onixi | 0.00 | 0.364 0.230
End Leaf Gro\\th-
O TTGTAT s 9 32.3 26.0 14.8 12.13 14.8 34.3 0.000 | 0.00 | 0.001 0.000
Grain Fitlin
9 | 20 33.6 27.1 14.6 12.45 31.8 76.8 0000  0.00  0.000 0.000




(c) 2050 |

Table B 4.23: Predicted climatic parameters and stresses in different development phases

Water [Stress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
e — B B B B Ee o et IR
Y ynth | wih | Jith

% 14 265 165 123 10.81 0.4 333 0000 | 000| 0438 | 0300

Fnr:fl OJnuve”'l'Pamc' 16 209 16.0 155 11.04 33 38.4 0000 | 000 | 0725 | 0555

Panicl Inition-End 32 345 221 175 1152 29 1421 | 0000 | 000 | 0257 | 0151

Ledl GIrowtn

End Leaf Growth: 9 335 | 253 14.9 11.97 85 37.4 0.000 | 0.00 | 0.000 0.000

Be.in  Grain Fillin
| Shr:S': Filling | 19 367 276 165 1229 221 922 008 000 0000  0.000
| (d) 2070 | | | | | | | |

Water $tress Nitrogt..~Stress
Time Temp Temp Solar Photop Rain Evapo
Development Pha~ | Span Max. Min. Rad. [day) Trans Rheie c -
i ; e -
| v MJIm hr mm ynth "th }Tith C:rro\\Lh
-End

Emergence 13 272 19.7 9.1 10.81 8.1 283 0000 [000 | 0420 | 0287
E\?gof]uvcn'wamc' 13 338 | 189 16.0 11.00 13 363 0000 | 000 | 0662 | 0494
_Panid Inition-End ™7 %3 | 237 18.0 11.42 22 1188 | 0000 [000 | 0238 0.184
BRI EE—

O\th-
| End Leaf GroWh- ™ 82 | 267 20.0 11.83 45.4 51.8 0.000 | 000 | 0.000 0.000
FEE TG T
o

|GF min_Filling | 19 82 276 190 1213 6.0 1044 0000 000  0.000 0.000
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ofBRI4rice-at Bograreqiop—in-200820302050-and 2070 :
I I A=A b ALY LA/ RN A ACA 7] 11
| @2008 | | | | I |
| | Water btress Nitroggn ~ Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day) - Trans cra Low
%9 T ; Gro\\lh
> MJ/m hr mm yntll ik jnth
Emergence-End 18 2.1 13.6 116 10.72 100 431 0005 22— o488 | 0338
JUVENITIE D)
il-Panicl
Fnrl‘gofj”ve” 19 258 16.8 122 11.05 235 48.4 0000 | 000 | 0360 | 0221
icl Inition-End
Panicl_Inition 37 306 | 203 143 11.70 74.9 1334 | 0000 | 000 | 0119 0.047
Lear oronn
EE nd "esaf G’OF".VIthI' 8 38.6 26.0 20.7 12.25 43 56.2 0000 | 0.00 | 0.051 0.000
Grain Filling | 22 403 273 217 1261 241 1704 0000 000 t.000  0.000




(b) 2030

. Water Stress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span Max. Min Rad [day] Trans N & Photos
' T TTTUlUo A\l pv) Ld A
| Days C C MJ/m | hr | | mill | e | ””'l o | Gro\ih
‘%i% I o o o o
End Juvcnil-Panicl
Iniliou 20 25.6 14.8 | 12.9 | 11.09 | 70.0 | 50.2 | 0.000 | 0.00| 0.443 | 0.299
Panid Inition-End
Leaf Gro\ih 35 317 225 | 14.1 | 11.72 | 166.3 125.9 0.000 0.00 0.149 0.072
End Leaf Gro,,1h-
Begin Gmin Filling 8 36.8 24.7 | 18.6 | 12.25 | 16.6 49.4 0.000 0.00 0.237 0.000
Grain Filling
|Phase | 22 39.4 27.2 | 20.3 | 12.61 | 129.6 | 157.1 I 0.000 |0.00 | 0.083 | 0.033
Ce)2050
_ Water $tress Nitrogpn Stress
Time Temp Temp Solar Photop Rain Evapo
Dcvelopmi..~It Phase Span Max. Min. Rau. [day] mr;1 Trans PITOTS G0 —PFots
v M ' uau Growth
Days C C ML | hr | | 111 | i | — | JATh | ¢
Emergence-End
Juvenile 15 26.6 16.4 10.1 10.70 11 | 313 | 0.000 0.00 0.467 | 0.322
End Juvcnil-Panicl
Inition 16 30.7 125 18.3 10.% 0.3 | 37.5 | 0.000 0.00 0.782 | 0.614
Pallicl Tnition-End
33 35.8 20.7 18.1 11.51 SO 1158830000 [ U.00 [ U.I50 i 0.075
| | | |
End Lear Gro,,1h-
na. rain il 8 386 269 20.8 12.01 123 593 | 0000 ] 000 | 0ooo | oono
Gmin Filling l 0.14 l
| Phase 17 41.7 28.1 215 12.32 27.1 | 116.0 | 0.121 a 0.000 | 0.000
| (d) 2070 | | | |
_ Water §tress Nitrogep  Stress
Time Temp Temp Solar Photop Rai Evapo
Development Phase Span Max. Min Rad [day] aln Trans e Photos—
Days G-C UC MJ/mz hr LLESLES III"I rTIUtuS U FTTUL (;rqwfh
| | | | | AL | wWin | yntn
Emergence-End
Juvenile 15 26.0 174 9.4 | 10.70 3.2 28.9 0.000 0.00 0.467 0.322
End Juvcnil-Panicl
Inition 12 35.8 18.6 174 10.92 0.5 35.2 0.000 0.00 0.729 0.557
Panid Inition-End
Lear Growth 32 38.0 23.3 18.2 11.40 4.6 145.0 0.000 0.00 0.199 0.158
End Lear GrO\vth- 8 47 231 9
Begin Grain Filling . . | 4.1 | 11.88 0.1 56.8 0.000 0.00 0.000 0.000
Grain Fillin
9 19 404277\ 20 1222 | 280 | 1121|0000 [000 | 0000 | OO

| Phase |
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Table B 4.24: Predicted climatic parameters and stresses in different development phases
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ofBR]4 rice at Dinajpur_region in 2008, 2030, 2050 and 2070
| (a) 2008 | | | |
Water $tress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phuse Span Max. Min. Rad. [duy] Trans | - YT B
5 T T Mol T T e 0 =G ronih
uys m ynth | ynth
Emergence-End 0.01
bl 19 245 132 11.7 1068 3.0 4238 0000 [ 0503 | 0350
::‘”Tlcfuﬂuven”'Pat”d 19 26.1 158 135 11.04 554 5.1 0000 | 000 | 0342 | 0224
Panicl btition-End 37 30.8 19.9 1538 11.71 33.0 1407 | 0000 | 000 | 0110 0.051
Teur Gro™™h
_g% 9 320 219 17.3 12.30 10 384 0000 | 000 | 0206 | 0.000
Grain Filling | 25 344 25.0 18.8 12.72 27.8 1352 0000 000  0.080 0.027
r1iasc
| (®) 2030 | | | |
| Water ~ tress Nitrogt.'LIStres.o,;
Time Temp | Temp Solar Photop Rain Evapo
Development Phase Iipan M_a;(. Mlp\ Rad [cfav] I Trans phatos | Ora | Phatas —
Y \~4 \"2 VoM T TTTTIT Y”th wth Yllith OTUWLIT
Emergence-End
Mkl 19 25.6 123 110 10.68 20.2 403 0000 | 000 | 0473 0.326
il-Pmucl
Enﬂofluve”'l ue 20 259 144 14.1 11.05 274 53.6 0000 | 0.00 | 0476 0.325
m&d 35 312 | 217 14.9 11.71 1606 | 1280 | 0000 | 000 | 0282 | 0143
End Leaf Growth-
e ARG 9 376 | 222 211 1228 11 613 0000 | 000 | 0405 0.249
I .S.r.i: Filling | 20 352 250 186 12.64 994 1100 0000 OOl 0014  0.000
| (©) 2050 | | |
Water $tress Nitrogen  Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase | spiit | Max. Min. Rad. [day] o Truns | pposee | era | plintae
—m C C MR RF TTTm ynth "th Yiith OoroTan
Emergence-End
il 16 26.8 146 118 10.66 17 347 1.0oo | oaio| 11495 I1.344
E:SUE?Vem"Pa"'d 16 208 130 185 10.94 0.0 354 0000 | o000 | meos | o640
%‘Cl Inition-End 34 36.1 198 201 1153 2.7 1711 | 0000 |o0o00 | 0218 0.136
I 'GIO Ul
End Lear GrO\vth- o
SRgT-CTat Rt 8 401 | 261 214 12.06 21 60.1 0.1100 |86 0.000 0.000
Grain Filling | 18 a5 257 2138 12.39 36.1 1260 0105 %l 0.000 0.000




(@) 2070 |

Water Ptress Nitroan Stres.-;
Time Temp Tl.-mp Solar Photop Rain Evapo
Development  Pha'ic Span Max. Min. Rad. [day] - Trans phatae | cra | Dhatae  ————
Days € T VT i mm Mith | \h Yt Growh
Emergence-End 15 272 162 12.4 1065 15 35.3 0.000 | 0.00 | 0.454 0.312
Juvenile
'11il-Panicl
E:?.u?.wl anie I 352 | 179 17.8 10.87 18 338 0000 | 000 | 0726 | o552
Panicl Initian-End
o 31 38.0 22.9 19.3 11..14 3.4 1403 | 0000 | 000 | 0.229 0.177
End Leaf Growth- 8 40.6 22.2 23.9 11.83 0.4 57.0 0.000 {-8-86—| 0.000 0.000
Begm Gram Filing
"rrainFillin
crra J | 19 40.0 262 214 12.17 143 120.9 0.000 0'81 | 0.000 0.000
Friast

Table B 4.25: Predicted climatic parameters and stresses in different development phases

ofBR14 rice at Chandpur region in 2008 2030 2050 and 2070 _ )
| (a12008 | | | | | | | | |
——yyater—ptress———Mitromimr—Stres——}=
Time Temp Temp Solar Photop Rain Evapo
Devdopment Phase Span Max. Min. Rad. [day] o Trans phatas | cro | Photos |
Duyo .C -C v m: T 111m )"th \\th )"th GTrOoWt
Emergence-End 0.03
ulluak 19 24.7 12.7 146 10.82 29.0 53.4 0.017 > 0.484 0.335
;‘.ﬁ% 18 26.2 17.9 10.9 11.13 457 398 0000 | 000 | 0322 | 0.209
Panicl Inition-End
Ao 35 308 21.7 14.7 11.70 13.8 126.3 0000 | 0.00 | 0.033 0.019
f th-
% 9 344 257 16.8 12.20 11 455 0.000 | 0.00 | 0.000 0.000
| GF ok Filling | 23 349 266 167 12.56 76 1002 0000 000  0.000 0000 |
L L L L L L L L L [
| Cbl2050 | | | | | | | | |
| | | Water $tress Nitrogen Stress
Time Temp Temp Solar Photop Rain E"3PO
Development Phase Span N,'%X N.l\lfn' Rad. [day] on Trans bhatos | Gra | bhatac :
Days o U VT nr mm 14l \\th y'th Grov'vth
Emergelnce‘E_”d 17 265 136 120 1081 115 414 0000 | 000 [ 0446 | 0305
E’I‘SUI'L”VG”"'P”'C' 18 271 15.7 158 11.09 26.7 512 0000 | 0.00 | 0418 0.273
Panid_Initian-End 34 309 | 229 13.4 11.64 311 1142 | 0000 | 000 | 0076 | 0045
~Tear Cronm - : : : . . _ _ _ _
End Leaf Gro\\th-
ST 9 323 25.9 15.7 1213 21.0 38.1 0.000 | 0.00 | 0.000 0.000
| Srain Filling | 23 335 272 13.8 12.49 78.4 88.2 0N00 000  0.000 0.000
T TTIAST
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| (c) 2050 |

Water [Stress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Min. Rad. [day] i Trans bhatae | Ara | ohatae b—o
Days oo oo MITmT hr nun ynth nth ynth Gro\\lh
Emergence-End 15 | 264 | 166 118 10.79 1.0 35.2 0000 221 o440 | 0308
Javenile \
% 16 29.6 15.7 15.8 11.04 2.7 37.9 0.000 | 0.00 | 0.743 0.572
P::'Ct :gx'O”'E”d 32 39 | 222 18.0 1153 | 238 1414 | 0000 | 000 | 0202 | 0114
End Leaf Growth- 8 333 | 256 133 11.98 8.7 34.9 0000 | 0.00 | 0000 | 0.000
DE.IT Glalll FI.
| Sg:‘slg Filling | 20 37.0 27.6 17.5 12.30 34.4 106.4 0.000 0.00  0.000 0.0(¢
| (| 1
| (d12070 | I
Water ptress Nitroglan Stress
Time Temp Temp Solar Photop Rain Evapo
Development  Phase Span Max Min Rad fday) Trans | Ao | plaes
56 BE : — Ao Gronin
oays MJIm hr mm ynth \1h ynth
Emergence-End
. . . . , , 0.00(¢ _
TOvenTe 14 27.3 18.9 10.5 10.78 3.8 31.7 (3¢ 0.00 0.440 0.301
ii-Panicl
Fur:gof]”vc”'l Panic 12 337 | 183 15.7 10.98 10 335 0000 | 000 | 06% | 0524
Panid Inition-End
T 31 36.6 237 18.2 11.41 2.8 129.0 0.000 | 0.00 | 0.215 0.164
fGro\th-
% 7 38.6 26.4 20.2 11.83 0.8 412 0.000 | 0.00 | 0.000 0.000
in Filli
grain Filling | 19 388 278 19.1 1213 47 1069 0000 000 0000  0.000

Table B 4.26: Predicted climatic parameters and stresses in different development phases
of BR 14 rice at Jessare rpginn in 2008 2030 _2050 and 2070

(a) 2008 |
Water $tress Nitrog||~| Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [day] Trans Dhat ~ .
Days DU 2 MI/m’ hr nilll " Growth
yiith | Wih Ylith
-En
Emergence-End 18 25 143 119 10.82 166 462 0000 | 000 | 0460 | 0316
Juvenite
il-Panicl
ﬁ:‘lgo‘:]”"c"' 18 26.3 179 105 1112 5.6 38.1 0000 | 000 | 0342 | 0237
anicllnition-End
P 34 32.0 22.0 15.2 11.67 11.3 139.8 0.000 | 0.00 | 0.058 0.014
Leal GroOwln
End Leaf GrO\lh-
Begin Grain Filling 8 36.5 25.8 17.8 12.14 0.7 4238 0.000 | 0.00 | 0.000 0.000
 Srain Filling | 22 402 272 225 12.48 14 1727 0029 I%l 0.000 0.000
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(b) 2030 |

205

| Watc..~Stress Nitroggn Stress
Time Temp Temp Solar Photop Rain Evapo
I.kvelopment  Phase Spao Max Min Rad [day] | Tnms Dhnt ~ At
Davs oC On VI e R — +ROteS S TROteS Fowth
| 4 > | | | | """ | Yilth | Wik | YIth |
Emergence-End 16 26.4 15.4 9.2 10.RO 14.6 33.1 0.000 | 0.00 | 0.420 0.2R5
Juvenile
ﬁ:ﬁoiuvcn"'%mc' 19 26.7 156 | 141 | 11.09 | 234 | 54.7 0.000 | o.ool 0.373 | 0.233
Panicl _Inilion-End 33 27 | 230 157 1163 30.9 1375 | 0000 | 000 | 0364 0.232
Leaf Growth
End Leaf Growth- 8 36.7 26.6 194 12.10 35 46.6 0.000 | 0.00 | 0.000 0.000
Be2in Grain Fillinu | | | | |
Grain Filling
19 40.0 27.7 20.9 12.40 38 1285 0.01X)| 0.00 | 0.000 0.000
| Phase | | | | | | I
I (c) 2050 | I I I I I | |
Water Ptress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Developrnt.'1l1 Phase Spao Max Min Rod [day] | Trans | A o
Bavs oC oC M/ hr mm m_—Pheﬁe S Phetos o]
Y TR wth [T ,
Emergence-End 0.01
Tovenle 14 275 17.7 12.1 10.79 0.8 34.1 0000 s | 0423 0.276
,.'uil-Panicl
ﬁ]”i‘t’iof]”"( u 14 37 147 19.0 11.01 26.4 50.4 0.000 | 0.00 | 0397 0.256
Panicl Inition-End
Leaf Growth 32 36.7 21.6 18.6 11.47 135 170.8 0000 | 0.00 | 0.361 0.210
End Leaf Grow th- R 357 260 13.8 11.91 5.0 36.0 0000 | 0.00 | 01140| 0026
Begin Grain Fillin2
Grain Filling 18 41.4 28.2 20.8 12.21 19.0 132.9 0019 | %% [ 0000 0.000
| Phase | | 1
| (@) 2070 | | | | | | | |
| | Water dtress | Nitroglj'I1 Stress
Time Temp Temp Solar Photop Rain Evapo |
Development  Phase Spao Max. Min Rad [day] | Tran,; . ~ .
o] o . LRLLL o T™TTUTOY LA T TIUtUS PI’I'\\A h
| Days C I | MI/m | hr | | | pa |Wm | ST a
-En
Emergence-End 13 276 193 9.9 10.7R 44 30.1 0000 | o000 | 0420 | 0272
Juvenile
il-Panicl
| IIEnr;Soiuveml Panic 12 34.8 195 15.0 10.97 OR 356 0.000 | 000 | 0.599 | 0.420
Pallid Inition-End
Lot Growth 30 38.7 24.1 18.2 11.38 32 1323 0000 |000 | 0.234 0177
f Growth-
End Leaf Growth 8 421 273 2\4 11.80 01 50.7 0000 |oo0 | 0.000 0.000
Be.in  Grain Filling | | | | | |
Grain Filling
19 412 28.0 221 1211 123 1235 0.000 ;000 | 0.000 0.000
| Phase | | | | | | | | | |




Table B 4.27: Predicted climatic parameters and stresses in different development phases

of BR 14 rice at Comilla region in 2008, 2030 2050 and 2070
| () 2008 |
| Water ptress Nitroden Stress
Time Temp Temp Solar Photop Rain EV31X>
| Development Phase nSpan M.a: I\/I'i: Rad fdap—y Tralt’ phatos | Gro | phatae ™
Days C C M3 nr mm ynth e ynth Growth _
L_Emergencc-End 0.03 =
B 19 24.6 12.1 14.1 10.81 25.3 52.3 0013 . 0.480 0.331
il-Panicl —
Fnr:gojn”"e”" Pan 19 26.0 177 116 11.13 60.6 442 0000 | 0.00 | 0339 0.219
i itiOll-End
%&_ 36 30.0 21.1 142 11.73 274 125.4 0000 | c.op| op1o | 0008 =
%HF 10 32.0 23.4 14.6 12.26 6.6 36.8 D.000| 0.00 | D.037 0.D00 —
Grain Fillin
rain 9 | 24 34.1 253 16.6 12.64 20.8 108.9 D.OOO 000  0.001 0.000
| (b) 2030 | | | | | | |
| Water §tress Nitroggh  Stress
Time Temp Temp Solar Photop Rain Evapo
Developmt.'nt  Phase Span Max. Min. Rad. [daY] o TrHis bhatae | Cra | Dhatac
Bays € € VISt ] 1N ynth \1h ynth Gro\\lh
l -End
jCmergence 18 258 12.9 12.1 10.80 28.1 462 0000 | o000 | 0461 | 0317
I Juventie
il-Pallicl
E}Tﬁoﬂuve”" P 19 26.7 152 153 11.12 317 55.8 0000 |000 | 0378 0.234
Panid luition-End
s, 35 30.4 22.5 14.0 11.70 81.0 119.6 0.000 | 0.oD| 0.079 0.043
End Leaf Growth- i
B R wE T 9 315 25.7 13.3 12.20 50.0 31.0 0.000 |0.00 | 0.DD9 0.000
in Fillin
Grain Filling 23 26 266 13.8 1256 1270 83.1 0000 000 0000  D.00O L
L L L L L L L L 1
| (12050 | | I |
Water $tress Nitrogén Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span l\/!ax. Mln. Rad.l [day) Trans P e —
Days C C MJ/m hr mm ynth nth ynth
Emergt.'lice-End
o 15 25.9 16.0 11.7 10.78 1.2 34.4 0.000 | 0.00 | 0.458 0.316
nil-Panicl
ES?IOJHUVC a 17 28.7 15.4 15.9 11.04 2.2 38.4 0.0D0| 0.00 | 0.748 D.577
Panicllnilion-End
. 22 . 11. . . . . . .
R 33 34.3 2 17.3 56 29.2 143.7 0.000 | 000 | 0.194 0.111
%%— 8 34 | 2509 156 12.03 249 352 0000 | 0.00 | 0.000 D.000
in Fillin
Gra g | 22 365 273 165 1237 36.3 1070 1L01X1 000 0001  0.000

Dl
a3t
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| (d) 2070 |

Water $tress Nitrogen Stress.
Time Temp Temp Solar Photop Rain Evapo
Development  Phao;e Span Max. Min. Rad. [day) Trans o= s
= ° YN hr e nun ' Growth
vays C C Hith | wth | it
Emergence-End 14 26.8 17.9 103 1077 3.0 312 0000 | 0.00 | 0446 | 0306
JUVenlie
Fnr:goiuve””'PamC' 13 330 17.6 16.4 1098 15 34.4 0000 | 000 | 0719 | 0547
Ol
Panic! lllition-End 31 362 | 232 18.2 11.43 37 1327 | 0000 | o000 | o190 0.143
REEm o —
th-
WEM Lear Grow 8 384 | 264 20.4 11.87 1.2 498 0000 | 000 | 0052 0.000
in Fillin
Grai g 18 393 276 19.0 1217 7.2 1086 0000 000 0000  0.000
Table B 4.28: Predicted climatic parameters and stresses in different development phases

of BR 14 rice at Madaripur_reqgion_in 2008, 2030, 2050 and 2070

(2) 2008 |
Water $tress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evapo
Development I'hase Span Max. Min. Rad. [day] Trans Dl o
Days C C MJ/m hr 111m Mith with ynth Growth
~ -End
EmL—gence 19 244 13.4 131 10.83 28.2 52.8 0011 221 o461 | 0310
JUVETTTE 5
|-Panici
E:ﬁil“"cju & 18 25.8 175 107 11.14 59.2 35.9 0000 [wo | 0512 | 0342
icllnilion-End
Paniclinii 35 313 21.9 15.1 11.70 128 130.9 0000 | o000 | 0240 0.130
LEal GIOWwllI
Growth-
End Leaf Growth 8 34.9 25.7 16.6 12.19 U 418 0.000 |@00| 0208 | o0.000
DL Sidilrt T,
in Filli
|Srr1€:sr:e Hiing | 20 370 268 196 1250 33 1206 0000 000 0014  0.000
(b) 2030 | | |
Water $tress Nitroglan Stress
Time Tc'lllp | Telllp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [dayJ i, Trans Photo ~ Qs
Days C T M hr mm "}'mh \Tvt; };1‘{; GroWlh
Eml."fgcnee-End
-J'uvernge_ 17 26.1 14.0 112 10.81 136 422 0.000 [ 000 | 0440 0.300
End Juvcnil-Panicl
i 18 27.0 15.9 14.9 11.10 28.1 48.6 0.000 | 000 | 0475 0.305
i ition-End
Panicl Init 34 312 | 227 135 11.64 285 1155 | 0000 | 000 | 0382 0.258
LEdl GIOWLI
Lear GrO\\th-
Enu Lea 8 336 26.0 156 1212 174 354 0.000 | 000 | 0.000 0.000
TG
in Fillin
Grain Filling 20 35.7 27.2 17.0 12.44 417 88.9 0000 000  0.000 0.000
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(cI2050 |

Watl.'T $tress Nitrog&n Stress
Time Temp | Temp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [day] . Trans phgtos | oo |pngiee
Bays ~C € NVII7m g 11T ynth wih Yilth Gro\th
Emergence-End 14 | 267 17.0 120 10.79 0.3 327 0000 | 000 | 0429 | 0280
JUVETIE
il-Panicl
ﬁ]?goﬂ”"c"" pan 16 303 | 153 17.0 11.02 22 402 0000 [ o000 | 0707 | 0534
ic! Inition-Eno
P‘ZQ'C r'gv':'on 32 355 | 219 17.8 1151 21.0 1460 | 0000 | 000 | 0330 | o0.196
End Leaf Growth- 8 1 | 255 14.4 1% 8.8 33.0 0.000 | 000 | 0.000 (1000
BCZIn Gramn FihnQ
 Smin Filling | 20 378 276 17.6 12.28 314 1108 0000 ©00 0000  0.000
DT
I (d) 2070 | I
| Water |Stress Nitrogen Stress
Time TL."mp Temp Solar Photop Rain Evapo
Development  Phase Span Max. Muin. Rad. [dav] - Trans photos | Oro | phgtec —
Days C C MJ/m hr mm ynth wih ynth Oro\\1
| anrgnnrn.Fnr{ 7 079 > Z 000
i 1 %67 94 8.1 . 9. 270 0. 000 [ 0432 | 0295
End Juvcnil-Panicl
SaIa 13 34.6 186 165 11.00 13 365 0.000 | 000 | 0673 0.500
Pallid Inilian-End
| terom 30 375 | 239 184 11.42 17 1263 | 0000 | 000 | 0288 0.204
Leaf wth-

% 8 398 | 266 20.9 11.84 0.7 47.0 0.000 | 0.00 | 0.000 0.000
Grain Filling | 19 396 277 200 1215 9.0 1085 0000 000 0000 0000
Table B 4.29: Predicted climatic parameters and stresses in different development phases
£ 01 M + MNA M la 3 : [aYaYaYe) n [aTal [aTaYulal P aYatwlal
UTDT\I1 |LA¥] ¥ U |V|y||| ||D|||g|| 1 UlUll LI VU0, U0V, ZU0U dilu ZUTU

tal 2008
Water ptress Nitrog({1l  Stress
Time Tcmp Tcmp Solar Photop Rain Evapo
Development  Phase _i_.& Max. Min. R+d.' _Ld'?vl Trans w:eae==ﬂm—m
ays MJ/m r nun ynth wth ynth
Emergence-End
il 20 232 13.0 123 10.74 7.9 47.9 0.000 | 0.00 | 0525 0.367
J il-Panici
IEnr}?lounven' 21 246 16.6 113 182 415 54.1 0000 | 000 | 0310 | 0168
icilnition-End
Panicilnition-En 37 202 | 213 129 11.80 193.4 1143 | 0000 | 000 | 0.106 0.000
LCdl 'OTUNLT
th-
% 8 335 | 247 14.6 12.35 6.7 33.9 0000 | 000 | 0.289 0.052
in Fillin
Grain Filling 25 336 254 133 1273 2640 87.1 0000 000  0.043 0.000
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| (b) 2030

209

Water $tress Nitrogl.~ Stress
Time Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span Max. Min Rnd. [day] T Trans BHotos——Ero——Photos
v . ' hr 11111 Gro\\th
| Days C C Ml/m | | | 1111 | T | =7 | Vi
Emergence-End 20 24.0 132 10.0 10.74 388 423 0000 | 000 | 0502 0.349
Juvenile
Fnri'SOJn“\cn"'Pa”'C' 20 25.1 15.9 124 | Il | 28.4 | 454 | 0000 | 0.00 | 0403 0.257
Pallid Initian-End 37 201 220 11.2 1177 | 3004 1041 | 0000 | 000 | 0023 0.000
LcafGrov.th
End LeafGrov.th- 8 342 257 143 12.33 49 281 0000 | 000 | 0061 | 0.000
Beoin Gmin Fillin. | | | |
Grain Filling
| Phase | 326 25.9 93 | 1270 | 4%2 | 631 | 0.000 | 000 | 0000 | 0000
| (c) 2050 | | | | | | |
| l Water BStress l Nitrogen  Stress
Time Temp | Temp Solar Photop Rain Evapo
Development  Phase Span Max. I\/I.in. Rad [day) o Trans Dhatae | Ao Dhatac
L] ' TToTT y T TTOTOT Craunth
| Days C C MY/m | hr | | YL | o | v.thl i | |
Emergence-End 17 24.9 14.9 1038 1072 18 38.7 0000 | 0.00 | 0478 0.330
Juvenile ‘ : ' ' ’ : ' ' | ’ | ' |
iI-Pll1ucl
E’;fioi“"e”' u 17 273 145 138 11.02 53 37.3 0.000 | 0.00 | 0.774 | 0.603 |
Pa”'[ﬂ:'”'t'on'E"d 35 335 | 204 16.9 11.60 72.8 1402 | 0.000 |ooo 2 A
End Leaf Grov.th-
Bein arain i 8 345 | 264 145 | 12.13 | 341 | 31.9 | 0.000 o.oo| 0.027 | 0.000 |
Grain Filling
| Phase | 36.9 27.0 160 | 1250 | 6L5 | 1217 | 0000 | 0.00 | 0036 | 0000 |
| (d) 2070 | | | | | | |
Nitrogeln Stress
Time Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span ng. Min. Rad. [day] T Trans
Y . nin Gro\lh
Days C C MJlm | hr | | Lt . | iy | T
JEUTﬁgg’iznce’E”d 16 25.2 173 9.4 | 10.71 | 5.9 305 0000 |o000 | 472 | 0325
venil-Panicl
Frﬂfioi“ enil-Fa 13 21 | 159 16.9 10.% 15 35 0000 |000 | 0753 | o581
Panid Inition-End
i 32 34.9 22,9 162 11.45 127 135.8 0.000 o000 | 0222 0.129
End Leaf Grov.th-
Bein orain Fillino 8 39.8 26 205 | 11.93 | 12 47.9 0.000 |0.00 | ooivo 0.000
Grain Filling
| Phasc | 36.0 26.9 159 | 1228 | 740 | 897 | 0000 |000 | 0.000 0.000




Table B 4.30: Predicted climatic parameters and stresses in different development phases

210

of BR 14 rice at T:\'\q:\il rnqun 1n ’)ﬂﬂ'-l, ')n'-zn" 2050 nnd 2070 -
22008 | | | | | |
Water $tress Nitrogen Stress
Time Temp Temp Solar Pholop Rain Evupo
Development  Pha<;c Span Max. Min. Rad. day] Truns Dhnt Aen Lo —
C C MJ/m hr mm Gro\\th
Mih ittt ynth
Emergence-End 19 21 138 124 10.76 103 48.4 0000 F2U 0403 | 0342
Juvenlie |
tlil-Panicl
E}Tﬂoﬂ]“"t til-Panic 18 25.4 17.4 10.1 11.09 457 378 oox) | 000 | 0318 | 0192
Plllliel Inilion-End
i) 36 303 | 208 137 11.70 53.8 1248 | 0000 | o000 | 0.055 0.024
wth-
%ﬁm—_ 8 380 | 260 20.1 12.22 05 514 0.000 | 000 | 0.000 0.000
iD Filli
GmiD Filling | 22 07 274 207 1257 14.6 1714 0000 000  0.000 0.000
| (h) 2030 | | | | | |
| I I I I I I Water ptress Nitrogen Stress
Time | Temp | Temp Solar Pholop Rain | Evapo
Development Pha'ic Span Max. Min. Rad. [day] un Trans poatas oo | orcs
o} Qo T
dys U U VIJ/m nr 11D )||th \h )|||h Gro\\'th
Emergence-End
] 19 25.2 135 9.6 10.76 39.7 376 0000 | 0.00 | 0507 0.353
JUVETIIE
Eﬂﬂoﬂluvcn"'%n'c' 19 26.0 152 138 11.10 709 479 0000 | 000 | 0442 | 0208
Panid Inition-El1ld
| Crow 35 317 | 228 141 171 1055 1263 | 0000 | 0.00 | 0.099 0.040
Leaf Growth-
End Leaf Growth 7 375 26.4 184 1221 56 454 0.000 | 000 | 0.063 0.000
l'leplll GIdllt l‘llll”g
in Fillin
Grain Filling | 23 87 274 18.6 1256 1375 1469 0000 000 0019 0,000
(c) 2050 | | | | | | |
Water $tress Nitroan Stress
Time Temp Temp Solar PholOp Rain Evapo
Development ~ Phase Span Maé. Min. Rjd'. [qha¥| Tlmrllls Rhatec | o mm
Days C | MIm r Jith | Wh | ynth
Emergence-End 15 26.3 165 105 1073 0.6 322 0000 | 000 | 0465 | 0321
Juvenile
End Juvcnil-Panicl
00
Mo 16 30.6 12.9 17.8 10.99 0.8 37.3 {0 | 000 | 0785 0.617
Plltlicl Inilion-End
| cero 33 360 | 211 179 1152 89.5 1506 [ 0000 | o000 | 0194 0.111
IroW1h-
%I%%F 8 36.4 26.4 ITO 12.01 15.0 50.1 0.000 [UTIO| 0.000 0.000
Grain Filling | 17 409 287 203 1231 213 1131 0053 %l 0.000 0.000




| (d) 2070 |
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Water Jtress Nitroggn  Stress
Tunc Temp Temp Solar Photop Rain Evapo
| Development ~ Phase Span M.ai. M.IE Rad. [dayj nun Trans Phatas Cra Bhatac -
Days C C VI Ar mm Ylith \\th vnth Growt
pEmergence-Fnd 15 25.9 18.2 8.7 10.73 3.2 26.9 0000 | 000 | 0462 0318
I JUVENIIE
Ww 12 352 18.6 17.1 10.95 03 345 0000 |000 | 0721 | o548
R
Panid Inition-End 2 37.9 235 176 11.42 73 1431 0.000 |000 | 0.203 0.160
L CaTGTOWT
GrO\ th-
End Lear Cr 9 M6 236 23.1 11,90 0.6 58.8 0.000 |o0.00 | 0.000 0.000
evin rain ihn.

Grain Filling 18 398 282 19.4 1222 2\4 1057 0000 000 0000 0000
Table B 4.31: Predicted climatic parameters and stresses in different development phases
ofBR14 rice at Satkhira region in 2008,2030,2050 and 2070

| (a) 200S
| Water $tress Nitroan Stress
Time Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span Max Min Rud Idovd Trans
1
Days C C MJ/m hr nml ynth wih ynth GrO\th
Emergence-End 17 2438 15.0 108 10.84 133 39.4 0000 | 000 | 0443 0.303
JUVETINE
il-Panicl
End Juvenil-Panic 17 26.6 181 123 111 38.0 433 0000 | o000 | 0471 | 0280
FmteT——————
Paniclinition-End 34 3\6 2.2 146 1,63 105 1333 0.000 | o000 | 0200 0.153
Ledlr Grov.tn
End Lear Grov.th-
S 8 353 25.2 178 12.10 03 43.4 0.000 | 000 | 0.000 0.000
e
| Smin Filling | 30 395 270 21 12.41 2.0 147.3 0.000 000  0.000 0.000
| | | | | |
| b12030 | | I I I
| Water $tress Nitrogeh ~ Stress
Time Temp Temp Solar Photop Rain Evapo
Development ~ Phase Span Max. Min. MRJL/JdIZ [day] - Trans A & p —
| By m nr mm ynth wth ynth
E
| EmergenceBnd | 46 26.4 16.3 8.7 10.83 105 324 0000 | 0.00 | 0434 0.2%
e
n venil-Panicl
:Emf:oi”e 18 26.9 16.3 13.9 nID | 300 5\.9 0000 | 000 | 0370 | 0236
id Illition-End
%%%}Tn= 32 32.8 23.0 16.6 1161 25 137.4 0.000 | 0.00 | 0.398 0.250
Leaf Grmth-
_Ec—ni.%%nﬁﬂﬁ 8 35.7 26.4 173 12.05 43 421 0.000 [T 0.000 0.000
Groin Filling 19 39.7 27.4 205 12.35 47 1245 0.000 I&'go_l 0.000 0.0IXI




(cy 2050

T T
] ]
Wah:s Ptress Nitrog,'I1 Stress
Time Temp Temp Solar Photop Rain Evapo
Development Phase Span Max. Min. Rad. [day] i Trans TG T —P oS
v v ' mm rOl\\th
| Days C C MJ/m e | | | YTT | \ih [ )TIth | CHONE
Emergence-End 0.01
Juvenile 13 27.2 17.2 125 10.81 | 05 | 316 | 0.000 5 | 043 0.297
| Fn'}fmjn”ve”"'Pa”'d 15 317 159 18.4 | 11.02 | 1.0 | 414 | 0.000 | 1).oo| 0.689 | 0.506
Panicl Inition-End
Leaf GrO\th 31 36.8 221 19.0 11.47 | 93 | 150.1 | 0.000 | 1).00] 0231 0.125
End Leaf Growtll-
BeQin Grain Fillino 9 36.5 25.9 15.3 1. 91 | 6.2 | 41).9 | onoe | 0.00 | 1).059 | oo
Gram Filling 17 a5 | 284 21.0 12.20 106 1147, 0025 | 991 6600 | 1000
| Phase I I I 2
| ) 2070 | | | | | |
Water btress Nitrogen Stress
Time Temp Temp Solar Photop Rain Evap<>
Development  Phase Span Max. Min. Rad. Iday] o Trans Photos——E&ro——Ptotos
| Days C C MY/m' | hr | | m | e | s | T | Crowth
ES\“/‘;;?I‘;”CE'EM 12 28.7 20.3 108 | 10.80 | 5.1 | 31.0 0.000 | 0.00 | 0.400 0.230
il-Panicl
Fn':‘tjl anuvemI Pan 12 36 | 200 151 10.98 0.9 37.0 0000 | 000 | 0575 | 0400
Panicl Inition-End 30 386 | 244 183 11.37 37 1284 | 0000 | 000 | 0266 | o0.194
Leaf Growth
13-
End Leaf Growt!J 7 418 | 276 22,0 11.77 05 445 0000 | 0.00 | 0.000 0.000
Beoin Grain Fillino | | |
Grain_Filling 19 41.0 28.2 21.4 12.06 46 | 1149 | 0000 | 000 | 0.000 | 0.000
| Phase | [ |
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Tabhle B 432 I\/Innfhl\/ average maximum and -minimum fnmnnrnfllm

solar radiation and

raln'rall at Ralshanhlln _2ZUUc Zd)dU 2050 and 2070

200R 2030
Month Tmal. | TOlin Srad Rainfall | Tmax | TOlin Srad Rainfall
(6C) {0C) Mj/mTda~" (mmy ™) (C) Mj/m/da~" (mm)
Januan’ 24.10 12.62 11.98 0.52 24.10 2.93 12.05 148
Fch'llan’ 27.02 16.94 12.69 151 27.05 16.02 13.85 4.94
March 34.61 23.11 16.62 0.55 34.55 23.66 17.45 2.36
Aunl 41.99 27.79 22.75 1.01 41.88 27.33 22.39 2.39
Ma, 44,10 29.13 25.63 1.63 44.10 28.96 22,45 6.35
A, cragc 32.17 19.R 17.19 0.87 32.83 19.95 17.12 2.92
2050 2070
Month Tmax TOlin Srad Rainfall Tmax Tmin Srad Rainf'l1
{C) {0C) Mj/m7dTy (mm) (C) (0C) Mj/m'/d"y (mm)
Januan’ 26.75 13.24 13.86 0.07 27.75 17.49 9.79 0.26
[~ Fcblan 34.21 16.68 18.88 0.26 38.04 21.07 18,41 0.08
March 3879 | 24.78 19.74 0.71 4211 25.97 22.39 0.32
Auril 25.65 29,47 2428 0.58 39.23 28.93 17.66 7.91
M 40,45 29.62 18.94 6.21 41.94 30.92 21.65 6.51
A, cragc 35.66 21.35 18.14 1.32 36.01 23.19 17.22 2.68
Table B 433 I\/Innfhly average maximum and minimum temperature solar radiation and .
rain fallat Bo.gra In 2008, 2030, 2050 and 2070
2008 2030
Month Tmax Tmin Srad Rainfall | Tmax Tmin Smd R"infall
TC) TT) M 7day (mm) (aC) [§®)] Mj/m'/day (mm)
January 23.55 12.33 11.34 0.38 23.55 1U8 11.29 116
Fch'llan’ 26.52 16.38 13.24 2.14 26.98 15.99 13.79 261
March 32.55 22.33 15.10 us 32.83 23.58 14.79 4.05
[ Auri 39.76 76.95 2142 181 39.39 26.85 20.28 4,41
Ma, 41.80 28.39 23.99 2.08 41.80 27.92 19.57 10.56
A, cragc 30.88 19.24 16.24 1.276 31.55 19.57 15.63 3.79
2050 2070
Month Tmax Tmin Srad Rainfall | Tmax_ | TOlin Srad Rainfall
C) OC) T Mj/m'day (mm) ("0) ©0C) [ Mj/im'/da~" (mm)
January 26.00 12.61 12.92 0.05 27.34 17.24 10.92 0.21
Fchnlan’ 32.91 16.09 18.05 0.39 36,66 20.24 17,31 0.08
March 3790 | 24,23 19,34 0.95 41.16 25.53 21.32 0,41
AT ZTIT | 2887 7375 T03 37.79 | 28.76 16.65 10.54
Mg, 38,72 29.05 16.87 9.82 40.08 30.24 18.62 8.74
A,Cragc 34.57 20.n 17.37 2.05 34.99 22.74 16.39 3.43
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maximum

and_minimum

solar radiation

and

’ I ab|e B - I\/Innfhl\]/ n\lnrngn fnmpnrnfl e, 1
ram lall at DmalDur m ZU0s  ZPsU  ZUSU gnd ZU/U |
2008 2030
Month Tmax Tmin Srad Rainfall | Tmax Tmin Srad Rainfall
Ty Ty MjmTaa). (mm) (C) (0C) MjTm'/da). (mm)
Januan. 23.91 12.0~ 11.8~ O.1~- 23.91 11.~0 11.87 0.66
Fcoruan. 26.61 15.62 1~.31 2.5~ 27.7~ 15.39 15.35 1.02
vViarch 32.26 21.H 15.82 1.9~ 31.15 22.56 1~.39 5.27
Anril 35.3~ 25.38 18.59 1.60 36.02 2~.39 19.3~ 3.51
Viay 36.86 26.69 20.71 2.29 36.86 25.H 16.50 9.23
AyCragc 29.35 18.22 15.56 1,43 30.1~ 18.3 15.22 3.28
2050 2070
Month Tmax Tmin Srad Rainfall | Tmax Tmin Srad Rainfall
(@C) OC) Mj/m'/daJ (mm) (0C) (0C) Mj/m'/da). (mm)
Januan’ 26.00 11.80 13.57 0.06 28.36 16.23 13.40 0.11
[~ Fepruary 325~ 15.68 19.31 0.3~ 36.81 19.92 18.62 0.01
March 38.2~ 22.93 20.71 0.55 ~0.36 2~.49 22.02 0.33
Al"ll ~2.13 27.55 23.00 1.38 3~.76 27.71 1~.70 9.89
VId,. 36.37 27.83 17.0~ 8.~5 35.~5 27.72 16.88 9.01
AYyClage 33.8~ 19.7~ 17.99 1.8 33.8 21.61 16.57 3.23
Tahle B 435 Mnnthly average maximum —and minimum temperature solar radiation and |
ram Tallat MYmensmgl h'm 2008 [ 2030 2050 gnd 2070 [
2008 2030
Month Trnax Tmin Srad Rainfall Tmax Tmin Srad Rainfall
0C) () MJ/m7da). (mm) ("C) (0C) Mj/m'/day (mm)
Januan' 22.83 12.2~ 12.49 0.30 22.83 12.53 11.55 1.10
Fcbnmn 2~95 16.48 11.65 3.58 25.88 16.62 12.95 1.21
viarcn 29.57 22.00 12.76 2.25 29.11 22.61 10.20 10.26
Allril 5~.00 25.26 1~.11 5.03 32.49 25.88 10.77 13.08
viay 35.24 26.45 13.75 8.68 35.24 26.76 12.11 19.44
A,.Cragc 28.18 18.86 13.02 3.33 28.25 19.36 11.93 7.52
2050 2070
Month | Tmax | Tmin Srad Rainf.11 | Tmax | Tmin Srad R"inf 11
(0C) (0C]) Mj/m7day (mm) (0C) (0C) Mj/m'/d"J (mm)
Januan' 2~21 12.96 12.27 0.1~ 25.36 IH8 9.39 0.54
Fcbru™. 29.0~ 16.18 15.45 1.02 32.77 18.85 15.79 0.25
M"rch 33.80 22.84 15.98 2.72 37.49 24.56 17.63 1.59
April 38.03 27.49 16.58 2.58 35.38 27.55 13.41 12.33
M™,. 3~.93 27.7~ 12.65 1~.63 35.10 28.78 12.04 15.76
AVCrage 3127 20.2 1~5 3.5~ 32.08 22.08 13.63 5.12
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and _minimum

solar radiation and

Tabhle B 4736: l\/lnn'rhl\l/ average maximum i temperature !
ram Tallat Tangal 'Im 2008 | 2030 , 2050 and 2070
2008 2030
Month Tmax | Tmin sr:ld Rainfall | Tmax Tmin Srad Rainfall
(O [ (O  Mjmida mo) [ (@0) T (0C) | M.imvda)" (mOl)
January 23.40 12.47 11.72 0.42 23.40 12.24 11.10 152 |
Februan 26.16 16.85 11.76 2.60 27.14 16.76 13.75 2.49
March 3241 22.92 14.95 0.73 32.78 23.83 14.55 3.59
A, 40.17 27.10 20.81 1.73 38.98 27.31 19.33 470
May 41.90 28.37 23.55 2.66 41.90 28.37 19.94 10.29
A, cra~C  30.99 t9.54 15.96 1.37 31.46 19.92 15.49 3.77
20511 21170
Month Tmax Tmin Srad Rainfall [ Tmax | TOlin Srad Rainfall
) O 17 MymTday (moT) (W) (O [ Mj/m/da~ (mOl)
Janu3n’ 25.66 12,91 12,97 0.05 26.93 18,07 9.98 0.25
February 32.96 16.64 17.36 0.43 36.28 2040 | 1696 | 011 |
March 37.37 24.63 18.32 1.06 40.69 25.92 20,59 0.78
AT 23502010 7750 0,57 38.23 | 28.82 17.16 7.98
LYED 39,34 29,32 16.97 8.11 40.39 30.40 18,99 7.36
A, €rage 34.42 21.15 17.01 1.76 34.91 23.04 16.17 2.88
Table B 4.37: Monthly average maximum and minimum temperature, solar radiation and
| rainfall at Jessore in 2008, 20#0, 2050 and 2070
2008 2030
Month Tmax Tmin Srad Rainfall Tmax Tmin Srad Rainfall
(@) CC) T MjimTda)” (0101) D) ('0) Mij/m'/day (mOl)
Januan 23.99 13.01 11.32 0.70 23.99 13.06 12,03 0.49
~ Februan | 2607 18,15 11.14 2.05 2855 18.13 14,14 0.91
March 34.38 23.01 17,06 0.20 34.69 24.55 17,27 1.02
Anril 39.71 26,95 21.89 0.46 39.30 2779 | 2096 | 164 |
May 41.70 28.30 25,02 1.08 41.70 29.22 22,62 2.42
Ayer:tgc 31.46 211.08 16.63 0.79 32.26 20.53 17.15 1.08
I I
2050 2070
Month Tmax Tmin Srad Rainfall Tm:tx Tmin Srtd Rainfall
(W) {0C) Mj/mTday (0101) (U0) (UC) | Mij/m'/da)” (0101)
Januan’ 26.34 13.90 13.53 0.07 28.82 19,54 10.23 032 |
Fchruary 34,01 18.61 18.39 0.27 37,91 21.79 17.85 0,10
March 37.77 25.14 18.06 0.56 41.19 27.33 21.09 0.41
AT 730 | 28,08 7313 052 39.00 | 28,97 19.45 521
Ma, 4047 29.81 19.98 3.41 40.69 30.72 22.29 3.97
A, Cragc 34.86 22 17.59 0.82 35.91 23.86 17.58 1.7
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Table B 4.38: Monthly average maximum and minimum temperature,

solar radiation and

rainfall at Satkhira in 2008, 2030, 2050 and 2070 |
2008 2030
Month Tmax Tmin Srad Rainfall [ max Tmin Srad Rainfall
(O T (O [ MImida~ (mm) (0 'O [ MIm'da~' (mm)
Januan” | 2425 | 13.90 10.67 0.58 24.25 13.67 11.36 0.37
Februan 27.52 18.92 12Al tAl 28.77 18.64 14.27 1.13
March 34.10 24.12 16.62 Ul 3UI 24.68 18.38 0.72
Apﬁl 39.38 26.94 22.25 0.19 39,15 27.83 20.86 1.06
May 42.36 28.24 25.22 0.35 42.36 29.39 23.57 1.04
AYETage 31.62 20.41 16.66 0.5 32.49 20.83 17.44 0.72
|
2050 2070

Month | Tmax | Tmin Smd Rainfall | Tmax | Tmin Srad Rainfall
[€9) [§9) MJ/m'/da~' (mm) '0) ("C) M.j/m'/day (mm)
Januan’ 26.82 [ 14.68 13.90 0.07 29.98 20.54 11.26 0.32
Februan 34.67 19.25 18.79 0.21 38.04 22,43 17.94 012
March 37.02 25.30 18A0 0.35 40.96 27.58 21.36 0.16
AL 41738 Z8.90 22.33 UAY 39.23 29.22 19.66 3.89
Vil 70.32 79.66 Z1.06 2.72 40.90 30.79 23.23 2.85
Ayerage 34.89 22.35 17.77 0.67 36.2 24.29 18.05 1.24

Table B 4.39: Monthly average maximum and minimum temperature,

solar radiation and

rainfall at Barisal in 2008, 20

30, 2050 and 2070

2008 2030
Mnnth Tmax Tmin Srad Rainfall | Tmax Tmin Srad Rainfall
T) (%) MJ/m7day (mm) [€9) [¢9) MJ/m'/day (mm)
Jaouan’ 23.94 12.36 12.67 I 2394 | 1284 13.31 025
[ Februan' 26.5 18.36 10.72 2.05 28.10 18.22 14.29 0.90
Vrarcn 32.5 2313 17.07 0.16 31A9 24.01 13.80 1.24
AUl 3278 26.1 17.71 0.27 33.48 27.25 14.80 2.55
Vg, 35.97 27.65 18.66 1.34 35.92 28A3 18.74 2.88
Aera~C 20047 19.74 15.09 0.82 29.79 20.28 15.23 1.3
| |
2050 2070
Month Tmax Tmin Srad Rainfall | Tmax Tmin Srad Rainfall
(G <'C) MJ/m'/da~' (mm) [€9) ("C) MJ/m'/day (mm)
Janua~' 25.90 14.10 13.20 3.20 28 19.5 9.77 OAll
- Fepruan 31.93 19.05 16.10 19.78 35.8 21.4 17.55 0.08
March 35.27 24.39 16.99 0.70 37.63 26.8 18.27 0.23
AT 37.88 28.29 20.05 0.54 36.9 28.31 18.86 6.18
Viay 37.20 29A6 16.35 2.97 37.23 30.1 19.1 4,97
AWTage 32.71 21.75 16.11 454 33.96 23.54 16048 1.98
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solar radiation and

Tahle R 4.40: Manthly average maximum and minimum temperature
ramlallat Md anpur m 2005 2050 2050 and 2070
2008 2030
Month | Tmax | Tmin Srad Rainfall | Tmax | Tmin Srad Rainfall
§9) () Mj/m’/day (mm) (fIC) ("C) Mj/m'/d"y (mm)
Januar. 23.86 12.27 12.81 1.0-1 23.86 12A3 13.37 OA5
Febru™ 26A7 18.03 10.96 2.28 28.05 17.9-1 1-1.12 1.0-1
MIuch 33.27 23.21 17.35 0.16 32.18 H.02 Ul 1A5
AP 36.95 26.360 18.99 0.39 35.05 27.35 16.53 321
M"y 37.53 27.69 19.85 1.60 37.53 28.39 18.85 .U5
Aer,e 30.08 19.69 15.63 0.9-1 30.37 20.13 15.58 1.72
2050 2070
Mooth | Tma, | Tmin Srad Rainfall | Tml' | Tmin Srad Rainf 11
(00) ("¢ | Mj/m'/day (mm) | (00) ) | Mij/m/da~' (mm)
Januan’ 25.74 13.75 13.12 0.08 27.77 18.99 9A7 OA4
Februan 3263 | 18.72 16.82 057 3658 | 21.31 18.03 0.05
March 3613 | 24A6 17.38 0.01 3893 | 26.88 18.89 0.31
Fpl’l| 30.57 28A6 21.11 0.62 37.77 28A2 19.26 6.18
May 38A9 29.59 17.01 2.92 38.25 30.23 19A6 -1.75
AWTa..€ 33A2 21.68 16.52 0.86 3-1.53 23.-I-1 16.67 1.96

solar radiation and

Table B 4.41: Monthly average maximum and minimum temperature
ramtalTat Chandpur m 2008, O30, 2050 gnd ~070
2008 2030
Month Tma, Tmin Srad Rainf, 11 | Tma, Tmin Srad Rainfall
W) [0C) Mj7m7day (mm) (C) (C) Mij/m'/day (mm)

Januan’ | 2-122 | 11.96 13.77 1.07 2U2 12.26 13.82 0.38
Fenruan 26.65 17.96 11.88 1.88 28.19 17.79 1-1.97 0.96
wrarch 37A8 23.26 16.01 O.I- 31.56 23.98 13.75 1.65

ATt 3500 | 26.33 16.97 OA3 33.70 27.33 1-1.69 321

Nay 3500 | 27.76 17.86 .-I-I 35.99 | 28.29 17.78 15|
Avera:e 2963 19.66 15.1 0.85 29.9 20.07 15.23 1.79

I |
2050 2070
Mooth Tma, Tmin Srad Riofall | Tm~IX | Tmin Srad Rainfall
(fic) TC) My/m7day (mm) (0C) (oC) Mj/m'/d,,~' (mm)

January 25.76 13.81 13.30 2.28 21.75 18.69 10.23 0.28
Februan' 3171 18.77 16.03 20A9 35.8-1 | 2112 17.66 0.D7 |
March 35.H 2-157 17.38 1.00 37.95 26.93 18.2-1 0.19

ZATITT /20| 2830 19.65 0.63 3751 | 26A4 19.11 556

Vi, 3774 | 29.59 7™ 278 | 3755 | 30.23 19.23 -1.25
ATETTE 32.83 21.68 16.26 -1.5-1 3112 2338 16.6 1.73
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saolar radiation and

Table B 442: Maonthlv average maximum and minimum temperature.
| r:infa“ a: Comilla 1n 2009 2020 2050 a.“.d 2070 !
I ratrfal—at-ComiHa——-2008—2(430
2008 2030
Month Tma.l: Tmin Srad Rainfall | Tmax Tmin Srad Rainfall
('C) (C) Mj/m'/da)’ (mm) (0C) (0C) Mj/m'/da)' (mm)
|_Januan' | 2418 | 1148 13.70 088 2418 | 1192 L 1215 | onos
Februarv 26.39 17.36 12.63 2.67 27,91 17.11 15.24 111
arc 31.44 22.71 15.11 0.53 30.74 23.36 13.61 3,98
ALl 3401 25.02 11.45 0.57 3283 26.73 14 43 451
MaX 36.30 21.29 18.57 2.02 36.36 27.59 16.79 5.58
Awrage 29.45 19.16 15.19 1.13 29.59 19.52 14.83 2.71
2050 21170
Month Tmax Tmin Srad Rainfall Tmax Tmin Srad Rainfall
<) ©0C)_|_Mj/m/day (mm)_|_(C) Q) | Mimidav | (om)
Jannan' 25,43 13,40 13.43 0.D7 27.38 17.80 1073 023
Februarv' 30.84 18.21 15.71 0.76 34.88 20.27 17.32 0.09
arc 35.09 24.34 17.42 141 37.96 26.69 18,41 0,28
Anril 37.63 28.00 18.48 093 37.31 28 02 1754 5.20
Viav 3/./0 29.03 16.76 3,06 36.66 29.61 16.64 4.66
Average 32.4 21.19 15.98 1.05 33.62 22.8 15.84 1.79
—Table B 4.43: Monthly av. |
| rainfall at Svlhet in 2008, 2030, 2050 and 2070 |
2008 2030
Month | Tmax | Tmin Srad Rainfall | Tmax | Tmin Srad Rainfall |
(C) (0C) Mj/m'/day (mm) ('C) (0C) Mj/m'/day (mm)
Jannarv 23.22 11.36 13.31 0,59 23.22 12.04 11.19 1.48
Fehruarv 23.77 16.32 9.92 9.25 24.75 16.112 12.12 295
March 27.03 21.40 11.77 10.01 26.59 21.10 8.14 24.58
Aurtl 28:78 23.54 8.78 21.88 27.99 24.29 5.68 38.50
Mav 30.85 24.89 9,79 19.02 30.85 25.20 1.42 43.03
Average 26.33 17.96 11.21 10.1 26.33 18.38 9.687 18.5
I
211511 21170
Month | Tmax | Tmin Srad Rainfall | Tmax | Tmin Stad | painfan |
©) | ©O | Mjmiday (mm) | (00) ©00) [ Mim/day [ (mm) |
Januan' 23.00 13.04 11.56 127 25.00 1657 10.70 231
Fehruan' 26.63 16.01 13.75 4.60 30.54 18.74 15.01 157
March 29.83 22.04 12.21 12.43 32.60 24.13 3.07 843
AN 31.36 25.53 0.83 15.59 3245 | 2614 1102 28 35
Mav 30.79 26,19 8.46 28.44 31.60 27.26 7,99 3411
A, crage 28.14 19.37 11.67 104 29.73 21.22 11.91 125
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