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Climate change represents an urgent global 
challenge, underpinned by a substantial body 

of evidence. Over the past three decades, the Earth 
has experienced a consistent increase in surface 
temperatures, a trend that stands in stark contrast to 
the climate patterns observed prior to 1850 (Stocker 
et al., 2013). This warming has triggered a cascade 
of responses across the climate system, including 
shifts in precipitation patterns, glacial retreat, sea-level 
rise, and an increase in the frequency and intensity 
of extreme weather events (Stocker et al., 2013; 
Hartmann et al., 2013). Such transformations have 
profound and widespread implications for agriculture. 
Among the array of globally cultivated crops, rice holds 
particular significance due to its extensive role in food 
production and consumption. India, a major contributor 
to the global rice market, accounts for over 20% of the 
world’s rice production, with a substantial share of this 
output being generated during the monsoon season 
(FAOSTAT, 2018). In the fiscal year 2022-23, India 
achieved a historic milestone by producing 135.75 
million metric tons of rice, an increase from the 129.47 
million metric tons recorded in the previous year and 
surpassing the five-year average of 120.39 million 

metric tons (Statista, 2024). In the state of Kerala, rice 
is a fundamental staple, covering approximately 7.62% 
of the total cultivated land. During the 2022-23 period, 
paddy cultivation in Kerala spanned 1.91 lakh hectares, 
yielding a total of 5.59 lakh tonnes, with a productivity 
rate of 2,884 kg per hectare. However, rice cultivation 
is particularly vulnerable to climate variability, and rising 
temperatures pose a significant threat to both its growth 
and yield.

The latest report by the Intergovernmental Panel 
on Climate Change (IPCC) highlights a significant rise 
in atmospheric carbon dioxide (CO₂) levels, reaching a 
record 419.3 parts per million (ppm), which represents 
a 50% increase compared to pre-industrial levels. This 
alarming trend is largely driven by human activities, 
including fossil fuel combustion and deforestation. 
The global mean climate is governed by its energy 
budget, a delicate equilibrium between the solar 
energy absorbed and the energy radiated back into 
space. As global temperatures rise from +1.5°C to 
+4°C above pre-industrial levels, extreme temperature 
events, particularly the hottest-day temperatures, are 
projected to intensify, especially in mid-latitude and 
semi-arid regions (IPCC, 2023). The composition 
of the atmosphere plays a pivotal role in maintaining 
this balance by influencing the radiative fluxes at the 
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ABSTRACT
Climate change is having significant and observable impacts on both ecosystems and livelihoods, 
particularly in agricultural regions like Kerala. This study utilized the GFDL CM3 climate model 
to project future climatic conditions under RCP 4.5 and RCP 8.5 scenarios, indicating a marked 
temperature increase across the region. By mid- to late-century, the northern zone is expected to 
experience a temperature rise of 4°C to 6°C, while the southern zone may see a rise of 2°C to 4°C under 
both scenarios. The implications of these temperature changes on rice phenophases were examined 
using the CERES-DSSAT model, calibrated with data from a split-plot design experiment involving two 
rice varieties (Jyothi and Jaya) and five planting dates. The study focused on three key phenophases: 
transplanting to panicle initiation, panicle initiation to anthesis, and anthesis to physiological maturity. 
The results showed that under projected future climate conditions, the duration from transplanting 
to panicle initiation for Jyothi reduced from 31-41 days (base period) to 29-31 days, and for Jaya 
from 38-51 days to 37-39 days. Additionally, the duration from panicle initiation to anthesis generally 
decreased, except in Idukki where it increased by 2-5 days. The period from anthesis to physiological 
maturity also shortened, dropping from 34-41 days to 31-33 days for both varieties. The consistent 
reduction in the total crop duration was linked to the projected temperature increases of 1°C to 6°C, 
with 1°C warming accelerating rice maturity by 4-6 days. These shortened crop durations could have 
adverse effects on rice production.
Keywords: CERES-DSSAT, Heat stress, Planting date, Temperature stress
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Earth’s surface. Human-induced changes, such as the 
emission of greenhouse gases (GHGs), aerosols, and 
modifications to land use and land cover (LULC), have 
disrupted this balance, driving contemporary climate 
change (Krishnan et al., 2020). Global Climate Models 
(GCMs) are indispensable tools for understanding 
climate change, as they simulate various greenhouse 
gas emission scenarios that help elucidate potential 
future climate patterns (Chou, 2014). These models 
simulate different pathways of radiative forcing through 
Representative Concentration Pathways (RCPs), 
specifically RCP 2.6, RCP 4.5, RCP 6, and RCP 8.5, 
with radiative forcing values of 2.6, 4.5, 6, and 8.5 W/m², 
respectively. The outcomes of these simulations depend 
on the projected levels of greenhouse gas emissions in 
the coming decades (Zhai, 2019). In India, projections 
indicate a significant increase in mean surface air 
temperatures by the end of the 21st century (2070-2099). 
Under RCP 2.6, the temperature is expected to rise by 
0.24-1.33°C, while under RCP 4.5, it could increase 
by 0.41-2.44°C, and under RCP 8.5, by 0.45-4.44°C 
(Sanjay et al., 2020). Such temperature changes are 
poised to have detrimental impacts on livelihoods and 
ecosystems, possibly undermining recent technological 
advancements aimed at mitigating these effects. 
Scientific observations confirm that climate change is 
occurring globally, affecting all regions and components 
of the climate system. Since pre-industrial times, the 
global average surface temperature has increased by 
approximately 1°C due to anthropogenic forcing (Allen 
et al., 2018).

Temperature is a critical environmental factor that 
governs the growth and development of crops (Slafer 
and Rawson, 1994). Consequently, the agricultural 
sector is particularly vulnerable to climate change, given 
its scale and sensitivity to weather patterns, leading 
to significant economic repercussions (Mendelsohn, 
2009). Challinor et al. (2014) noted that if both 
temperate and tropical regions experience a warming 
of 2°C, the combined production of staple crops such 
as wheat, rice, and maize is likely to decline. Rice, in 
particular, requires optimal temperature conditions 
between 20°C and 40°C, and temperature extremes 
can adversely affect its growth and yield. Yoshida et 
al. (1981) emphasized that rice production in tropical 
regions is highly sensitive to climatic changes. Studies 
have also shown that higher temperatures result in a 
reduced growing season for rice, ultimately leading to 
yield reductions (Matthews et al., 1997; Ullah, 2017). 
This paper aims to assess the impact of projected 
climate change scenarios, specifically RCP 4.5 and 
RCP 8.5, on the duration of rice cultivation.

MATERIALS AND METHODS

Study area
Kerala, located in the southwest region of India, 

spans between 8°18’ and 12°48’ N latitude and 74°52’ 
and 77°22’ E longitude. Covering a total geographical 
area of 38,863 sq. km (Ajithkumar, 2015), the state 
is administratively divided into 14 districts. For the 
purpose of this study, weather data from each district 
were analyzed, and the entire state was categorized 
into five distinct agro-climatic zones: the Northern zone, 
Central zone, High-range zone, Problematic zone, and 
Southern zone (Plate 1). The Northern zone comprises 
the districts of Kasargod, Kannur, Kozhikode, and 
Malappuram. The Central zone includes the districts of 
Palakkad, Thrissur, and Ernakulam. The Problematic 
zone encompasses Alappuzha and Kottayam. The 
High-range zone is represented by the districts of 
Wayanad and Idukki, while the Southern zone consists 
of Thiruvananthapuram, Kollam, and Pathanamthitta. 
Notably, Wayanad district was excluded from the 
analysis due to the absence of rice cultivation during 
the virippu (kharif) season.

Plate 1. Study area: Kerala

Weather data
To assess climate change in Kerala, gridded 

data were collected from the India Meteorological 
Department (IMD) for all 13 districts from 1980 to 2020, 
specifically focusing on the kharif rice planting period. 
The weather parameters analyzed included solar 
radiation, rainfall, maximum temperature, and minimum 
temperature. To project future climate changes in 
Kerala, two climate scenarios were utilized: RCP 4.5 
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(a stabilization pathway) and RCP 8.5 (a high emission 
pathway), as outlined in the Intergovernmental 
Panel on Climate Change’s fifth assessment report 
(AR5). Under the RCP 4.5 scenario, greenhouse gas 
emissions are expected to peak around 2040, followed 
by a decline, representing a trajectory often described 
as the “stabilization pathway.” In contrast, the RCP 8.5 
scenario assumes a continuous increase in emissions 
throughout the 21st century, defining it as a “high 
emission pathway” (van Vuuren et al., 2011). These 
pathways offer valuable insights into the range of future 
climate scenarios, contingent on global greenhouse gas 
management, which is why both RCPs were selected 
for this study. Future climate conditions were projected 
using data from various Global Climate Models 
(GCMs), including CCSM4, HadCM2, and GFDL CM3. 
Among these, the GFDL CM3 model was deemed the 
most accurate for Kerala following bias correction, 
as demonstrated by Venkat (2017). The GFDL CM3, 
developed by the Geophysical Fluid Dynamics 
Laboratory, is a coupled general circulation model 
that integrates the atmosphere, ocean, land surface, 
and sea ice. This model was specifically designed to 
address complex climate change challenges, such as 
aerosol-cloud interactions, climate-chemistry dynamics, 
and stratosphere-troposphere coupling (Donner, 2011). 
This study compared the baseline period (1980-2020) 
with projected future climate simulations for the mid-
century (2021-2050) and end-of-century (2051-2080) 
periods across the 13 districts of Kerala. 
Table 1. Geographical coordinates of districts in Kerala

Sr. 
No.

District Latitude Longitude

1 Thiruvananthapuram 8.61 77.02
2 Kollam 8.96 76.88
3 Pathanamthitta 9.28 76.93
4 Alappuzha 9.42 76.45
5 Kottayam 9.64 76.65
6 Idukki 9.88 77.03
7 Eranakulam 10.06 76.47
8 Thrissur 10.47 76.32
9 Palakkad 10.79 76.56
10 Malappuram 11.13 76.16
11 Kozhikode 11.48 75.83
12 Kannur 12.00 75.53
13 Kasaragode 12.46 75.15
14 Wayanad 11.71 76.10

Experimental data
The experiment was conducted during the 2020 

kharif season and involved five distinct planting dates 
and two rice varieties: Jaya and Jyothi. Jaya is a 

medium-duration variety with a growth period of 130 
days and is a cross between Taichung (Native) 1 and 
T-141. It is typically cultivated under irrigated conditions 
across India during both the kharif and rabi seasons. 
In contrast, Jyothi is a short-duration variety with a 
growth period of 110-115 days and is well-adapted to 
wetlands, making it suitable for year-round cultivation in 
Kerala. Jyothi was developed through a cross between 
PTB-10 and IR 8. The experimental design employed 
was a split-plot design, where the main plot treatment 
consisted of five planting dates: June 5th, June 20th, July 
5th, July 20th, and August 5th. The sub-plot treatment 
included the two rice varieties, Jaya and Jyothi, allowing 
for a comprehensive analysis of the interaction between 
planting dates and rice variety on crop growth and yield. 

Crop simulation model
The DSSAT’s CERES-Rice model was employed to 

investigate the impact of climate change on the duration 
of rice cultivation. This model was calibrated and 
evaluated using data collected from the field experiment. 
The CERES-Rice model is part of the Decision Support 
System for Agrotechnology Transfer (DSSAT), a 
comprehensive tool developed by the International 
Benchmark Sites Network for Agrotechnology Transfer 
(IBSNAT). DSSAT was created through collaboration 
among an international network of scientists to facilitate 
the application of crop models within an integrated 
system. The initial motivation for developing DSSAT 
was to combine information on soil properties, weather 
conditions, and crop management practices to enhance 
decision-making processes for transferring agricultural 
production technologies across regions with varying 
soil and climatic conditions (IBSNAT, 1993). Vysakh et 
al. (2016) demonstrated the application of the CERES-
Rice model to simulate rice phenology and yield. They 
calibrated the model’s genetic coefficients through 6000 
iterations and validated its performance against field 
experimental data. The genetic coefficients used for 
simulating the phenophases are presented in Table 2.

The duration of rice growth was predicted using the 
calibrated genetic coefficients in the DSSAT CERES 
model, under climate change scenarios based on 
Representative Concentration Pathways (RCP) 4.5 
and 8.5. This analysis was conducted for 13 districts 
in Kerala.

RESULTS AND DISCUSSION

Changes in maximum temperature during the 
kharif season

The analysis reveals that maximum temperatures 
are projected to increase substantially in future scenarios 
compared to the base period. Under the RCP 4.5 
scenario, northern districts in Kerala, such as Kasargod, 
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Kannur, Kozhikode, and Malappuram, are expected to 
experience a temperature rise of 4°C by mid-century, 
with further warming to 5°C by the end of the 21st century 
(Table 2). In the central districts of Palakkad, Thrissur, 
and Ernakulam, temperature increases of 3.5°C by mid-
century and 4.5°C by the century’s end are anticipated. 
In the problem area zone, comprising Alappuzha and 
Kottayam, temperature increases of 2°C and 3°C are 
projected by mid-century and the end of the 21st century, 
respectively. In contrast, the southern districts of Kollam, 
Pathanamthitta, and Thiruvananthapuram are expected 
to see a more modest temperature rise of 1-2°C under 
future scenarios. A unique pattern is anticipated in 
Idukki, where temperatures are expected to decrease 
by 0.9°C by mid-century, followed by a slight increase 
of 0.2°C by the end of the 21st century. Similarly, under 
the RCP 8.5 scenario, temperatures are projected to 
rise significantly across the state. By the end of the 
century, the northern zone may experience an increase 
of 6°C (Ajithkumar and Riya, 2022). In the central zone, 
a temperature increase of 5°C is expected, while the 
problem area zone may experience a 4°C warming. 
the northern and central zones of Kerala are expected 
to undergo more pronounced temperature changes 
compared to the southern zone (Table 3).

Table 2. Genetic coefficients of Jyothi and Jaya varieties of rice

Variety P1 P2R P5 P2O G1 G2 G3 G4 PHINT
Jaya 557.0 60.3 465.4 10.4 57.0 0.0286 1.10 1.10 81.0
Jyothi 551.0 22.3 444.0 11.4 50.4 0.0256 1.10 1.10 82.0

Table 3. Changes in maximum temperature during kharif season: Base period vs. future scenarios under RCP 4.5 and 
RCP 8.5

District Base Period 
temperature 

(°C)

RCP 4.5 RCP 8.5
Mid-century 

temperature (°C)
End-century 

temperature (°C)
Mid-century 

temperature (°C)
End-century 

temperature (°C)
Kasargod 26.5 30.8(4.3) 31.7(5.2) 31.0(4.5) 33.0(6.5)
Kannur 26.6 31.0(4.4) 31.9(5.3) 31.2(4.6) 33.1(6.5)
Kozhikode 26.7 31.0(4.3) 31.9(5.2) 31.2(4.5) 33.2(6.5)
Malappuram 27.1 31.0(3.9) 32.0(4.9) 31.2(4.1) 33.3(6.2)
Palakkad 27.7 31.1(3.4) 32.1(4.4) 31.3(3.6) 32.2(4.5)
Thrissur 28.9 31.8(2.9) 32.9(4.0) 31.4(2.5) 33.1(4.2)
Ernakulam 28.6 30.5(1.9) 32.0(3.4) 31.3(2.7) 33.2(4.6)
Idukki 29.6 28.7(-0.9) 29.7(0.1) 28.9(-0.7) 31.1(1.5)
Alappuzha 29.4 31.0(1.6) 31.9(2.5) 31.2(1.8) 33.1(3.7)
Kottayam 29.4 31.3(1.9) 32.2(2.8) 31.5(2.1) 33.4(4.0)
Pathanamthitta 30.4 32.1(1.7) 33.0(2.6) 32.2(1.8) 34.4(4.0)
Kollam 30.7 31.2(0.5) 32.1(1.4) 31.4(0.7) 33.5(2.8)
Thiruvananthapuram 31.2 31.9(0.7) 32.8(1.6) 32.1(0.9) 33.1(1.9)

Changes in minimum temperature during the 
kharif season

The analysis indicates that minimum temperatures 
are projected to rise across Kerala, irrespective of the 
concentration pathways. Under the RCP 4.5 scenario, 
minimum temperatures in the northern and central 
zones are expected to increase by 6-7°C in future 
scenarios. In the problem area zones, a temperature 
rise of nearly 4°C is anticipated, while the southern 
zone is projected to experience a warming of 3-4°C. A 
similar pattern is observed under the RCP 8.5 scenario, 
with minimum temperatures expected to increase by 
approximately 7°C in the northern zone and by 5-6°C 
in the central zone. In the problem area zones, a 
temperature rise of nearly 5°C is predicted, while the 
southern zone may see a warming of 3-4°C. However, 
Idukki, which falls within the high-range zone, exhibits 
a distinct pattern. Under the RCP 4.5 scenario, the 
minimum temperature in Idukki is expected to decrease 
by 0.2°C by mid-century, followed by increases of 0.6°C 
and 1.6°C by the end of the 21st century under RCP 
4.5 and RCP 8.5, respectively (Table 4). Overall, the 
model predicts an increase in minimum temperatures 
throughout Kerala, with the most significant warming 
expected in the northern and central zones, compared 
to the southern zone.
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Thus, both maximum and minimum temperatures 
are expected to rise during the southwest monsoon 
period in Kerala. Research by Nayak et al. (2022) 
suggests a warming trend of 3-5°C across India 
between 2051 and 2110, compared to the reference 
period of 1951-2010. This temperature increase is 
particularly pronounced under the RCP 8.5 scenario, 
as indicated by the study’s findings. Similarly, Kaur and 
Kaur (2022) observed that temperature escalation is 
more significant under the RCP 8.5 scenario compared 
to the RCP 4.5 scenario, further supporting this trend.

Impact of increase in temperature on 
phenophase

The entire rice growing period was divided into three 
phenophases, with the duration of each phenophase 
presented in Tables 5 and 6. There was minimal 
variation in temperature between the RCP 4.5 and RCP 
8.5 scenarios, which may explain the lack of significant 
differences in the duration of each phenophase under 
both RCPs.

Transplanting to panicle initiation
During the base period, the time required for panicle 

initiation in the Jyothi rice variety ranged from 31 to 41 
days. The minimum and maximum temperatures during 
this period were between 19 to 23°C and 26 to 31°C, 
respectively. As temperatures are projected to rise in 
future scenarios, the duration for panicle initiation is 
expected to decrease. Under the RCP 4.5 scenario, 
maximum temperatures are forecast to increase by 0.3 
to 4°C, and minimum temperatures by 2.2 to 5.6°C. 

Table 4. Changes in minimum temperature during kharif season: Base period vs. future scenarios under RCP 4.5 and 
RCP 8.5

District Base Period 
temperature 

(°C)

RCP 4.5 RCP 8.5
Mid-century 

temperature (°C)
End-century 

temperature (°C)
Mid-century 

temperature (°C)
End-century 

temperature (°C)
Kasargod 20.1 25.7(5.6) 26.3 (6.2) 25.8 (5.7) 27.3 (7.2)
Kannur 19.9 25.8(5.9) 26.4 (6.5) 25.9 (6.0) 27.4 (7.5)
Kozhikode 19.6 25.6(6.0) 26.3 (6.7) 25.7 (6.1) 27.3 (7.7)
Malappuram 19.6 25.4(5.8) 26.1(6.5) 25.5 (5.9) 27.1 (7.5)
Palakkad 20.2 25.5 (5.3) 26.2 (6.0) 25.6 (5.4) 27.2 (7.0)
Thrissur 22.2 25.6 (3.4) 26.3 (4.1) 25.8 (3.6) 27.3 (5.1)
Ernakulam 21.2 25.7 (4.5) 26.4 (5.2) 25.8 (4.6) 27.4 (6.2)
Idukki 22.0 21.8 (-0.2) 22.5 (0.5) 21.9 (-0.1) 23.7 (1.7)
Alappuzha 22.2 25.6 (3.4) 26.3 (4.1) 25.8 (3.6) 27.3 (5.1)
Kottayam 22.2 25.8 (3.6) 26.5 (4.3) 25.9 (3.7) 27.5 (5.3)
Pathanamthitta 23.0 25.9 (2.9) 26.7 (3.7) 26.1 (3.1) 27.8 (4.8)
Kollam 23.3 25.8 (2.5) 26.5 (3.2) 25.9 (2.6) 27.6 (4.3)
Thiruvananthapuram 23.8 26.3 (2.5) 27.0 (3.2) 26.4 (2.6) 28.0 (4.2)

As a result, the time required for panicle initiation is 
anticipated to shorten by 30 to 31 days by mid-century, 
and further decrease to 29 to 30 days by the end of 
the 21st century across all districts, except for Idukki. 
In Idukki, however, the time for panicle initiation is 
projected to increase by 2 days by mid-century, with no 
further change by the century’s end. A similar trend is 
expected under the RCP 8.5 scenario. In Idukki, the time 
for panicle initiation is projected to decrease by 2 days 
by the end of the 21st century compared to the baseline 
period. For the rice variety Jaya, the base period 
showed a panicle initiation duration ranging from 36 to 
51 days. In future scenarios, this duration is expected 
to decrease to 37 to 39 days by mid-century and 36 
to 38 days by the end of the 21st century under both 
RCPs. These findings indicate a notable advancement 
in the time from transplanting to panicle initiation under 
future temperature increases, particularly in regions 
experiencing more pronounced warming. Similar 
results were reported by Das et al. (2020), who found 
that a 2-3°C temperature rise reduced the vegetative 
period by 10 days. This accelerated growth could have 
significant implications for rice crop management and 
timing, highlighting the need for adaptation strategies 
to address the challenges posed by changing climatic 
conditions.

Panicle initiation to anthesis
For the Jyothi rice variety, the period from panicle 

initiation to anthesis ranged from 32 to 40 days 
during the base period, with maximum and minimum 
temperatures between 27°C and 32°C. As temperatures 
are projected to rise in future scenarios (mid and end of 
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the 21st century) under both RCPs, this growth stage 
is expected to shorten, with the duration reduced to 31 
to 32 days. However, in the high-range zone of Idukki, 
an opposite trend is expected, where a temperature 
decrease of 1°C is projected. As a result, the duration 
from panicle initiation to anthesis, which was 32 days 
during the base period, is expected to increase to 35-
40 days by mid and end-century under future climatic 
conditions. Similarly, for the Jaya rice variety, the base 
period showed the panicle initiation to anthesis duration 
ranging from 33 to 40 days. In future scenarios, this 
period is projected to decrease to 31-32 days, indicating 
a faster progression from panicle initiation to anthesis. 
In Idukki, however, the period from panicle initiation to 
anthesis is expected to increase from 34 days to 36-
38 days under the projected climate scenarios. These 

findings highlight the complex and region-specific 
responses of rice growth stages to future climate 
changes, highlighting the need for localized adaptation 
strategies.

Anthesis to physiological maturity
The duration from anthesis to physiological 

maturity showed a significant negative correlation with 
temperature. This period was prolonged in both rice 
varieties in the northern zone, where temperatures are 
lower compared to the southern zone. In the northern 
zone, maximum temperatures ranged from 27°C to 
29°C, while in the southern zone, they ranged from 28°C 
to 30°C. In Jyothi, this period ranged from 42 to 34 days, 
and in Jaya, it ranged from 43 to 36 days. Under future 
climate scenarios (mid and end of the 21st century) for 

Table 5. Days to each phenophase of Jyothi under RCP 4.5 and 8.5: Base period and future projections

Districts Base period Mid century End century
RCP 4.5 T- PI* PI-A A-PM T- PI PI-A A-PM T- PI PI-A A-PM
Kasargod (KSG) 41 40 42 31 32 33 30 31 33
Kannur (KNR) 41 40 42 31 32 32 30 31 33
Kozhikode (KZK) 41 40 43 31 32 32 30 31 32
Malappuram (MLP) 40 39 42 31 32 32 30 32 32
Palakkad (PLK) 39 38 41 31 32 32 30 31 33
Thrissur (TSR) 38 37 40 31 32 33 32 31 34
Ernakulam (EKM) 36 36 38 31 32 32 30 20 43
Idukki (IDK) 34 32 39 36 37 39 34 35 37
Alappuzha (ALP) 34 34 37 31 32 33 30 31 33
Kottayam (KTM) 34 33 37 30 31 33 29 31 32
Pathanamthitta (PTA) 33 33 36 30 31 32 29 31 32
Kollam (KLM) 32 32 36 30 31 32 29 31 31
Thiruvananthapuram (TVM) 31 32 34 30 31 32 29 30 31
RCP 8.5 T- PI PI-A A-PM T- PI PI-A A-PM T- PI PI-A A-PM
Kasargod (KSG) 41 40 41 34 32 34 29 31 33
Kannur (KNR) 41 40 41 31 32 32 29 31 32
Kozhikode (KZK) 41 40 42 31 32 32 29 31 32
Malappuram (MLP) 40 39 42 31 32 33 29 31 32
Palakkad (PLK) 39 38 41 31 32 33 29 31 33
Thrissur (TSR) 38 37 40 31 32 33 29 31 33
Ernakulam (EKM) 36 36 38 29 31 32 29 31 32
Idukki (IDK)03 34 32 39 36 36 38 32 40 29
Alappuzha (ALP) 34 34 36 31 31 32 29 24 38
Kottayam (KTM) 34 33 37 30 31 33 29 30 32
Pathanamthitta (PTA) 33 33 36 30 31 32 29 31 32
Kollam (KLM) 32 32 35 30 31 32 29 30 32
Thiruvananthapuram (TVM) 31 32 34 30 31 32 29 30 31

*T-PI: Transplanting to panicle initiation, PI- A: Panicle initiation to anthesis, A-PM: Anthesis to physiological maturity
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Table 6. Days to each phenophase of Jaya under RCP 4.5 and 8.5: Base period and future projections

Districts Base period Mid century End century
RCP 4.5 T- PI* PI-A A-PM T- PI PI-A A-PM T- PI PI-A A-PM
Kasargod (KSG) 51 39 43 39 32 35 38 32 34
Kannur (KNR) 51 40 43 38 32 35 38 32 34
Kozhikode (KZK) 51 40 45 39 32 34 38 32 34
Malappuram (MLP) 49 40 45 39 32 35 38 32 33
Palakkad (PLK) 47 38 42 38 32 35 37 32 34
Thrissur (TSR) 39 38 41 38 32 35 37 32 34
Ernakulam (EKM) 44 36 40 38 32 35 37 32 33
Idukki (IDK) 43 34 39 45 38 40 42 36 40
Alappuzha (ALP) 42 34 39 38 32 34 37 32 33
Kottayam (KTM) 42 34 38 37 32 33 37 32 33
Pathanamthitta (PTA) 40 33 37 37 32 34 36 32 34
Kollam (KLM) 39 33 36 37 32 34 36 31 33
Thiruvananthapuram (TVM) 38 33 36 37 28 37 36 31 33
RCP 8.5 T- PI PI-A A-PM T- PI PI-A A-PM T- PI PI-A A-PM
Kasargod (KSG) 51 39 43 39 32 35 37 31 34
Kannur (KNR) 51 40 43 38 32 35 37 31 33
Kozhikode (KZK) 51 40 45 38 32 34 37 31 33
Malappuram (MLP) 49 40 45 39 33 34 37 32 34
Palakkad (PLK) 47 38 42 38 32 35 37 31 33
Thrissur (TSR) 39 38 41 38 32 35 36 31 34
Ernakulam (EKM) 44 36 40 38 32 35 36 31 33
Idukki (IDK) 43 34 39 44 37 41 40 35 37
Alappuzha (ALP) 42 34 39 38 32 34 36 31 34
Kottayam (KTM) 42 34 38 37 32 33 36 31 33
Pathanamthitta (PTA) 40 33 37 37 32 34 36 31 32
Kollam (KLM) 39 33 36 37 32 34 36 31 33
Thiruvananthapuram (TVM) 38 33 36 37 31 34 36 31 32

*T-PI: Transplanting to panicle initiation, PI- A: Panicle initiation to anthesis, A-PM: Anthesis to physiological maturity

both RCPs, the duration is projected to decrease to 31-
33 days in Jyothi and 33-35 days in Jaya. In the future, 
under the RCP 4.5 scenario, the maximum and minimum 
temperatures are expected to increase by up to 3°C 
and 6°C, respectively, by mid-century. By the end of the 
century, the temperature increase is expected to follow 
a similar trend. Under the RCP 8.5 scenario, by the end 
of the century, the minimum temperature is projected to 
increase by 7°C, and the maximum temperature by 5°C. 
This rise in temperature is anticipated to accelerate the 
maturity process of rice, consistent with findings from 
Geethalakshmi et al. (2017) and Liu et al. (2017), which 
indicate that higher temperatures shorten the maturity 
period of rice. Notably, there was minimal difference 
in temperature between the RCP 4.5 and RCP 8.5 
scenarios, which may explain the minimal variation in 
the duration of this growth stage under both scenarios.

4.3. Impact on the total duration of rice 
To assess the impact of temperature increases 

on the total duration of rice growth, we examined the 
duration of two rice varieties, Jaya and Jyothi, during 
the base period and under simulated future climate 
scenarios. The duration of these varieties during the 
base period and in future conditions is presented in 
Tables 7 and 8, respectively. Our findings highlight the 
complex relationship between temperature and rice 
growth duration. The results are consistent with the 
conclusions of Saseendran et al. (2000) and Zhang 
et al. (2013), which emphasize the significant role 
of temperature fluctuations in crop maturation. It is 
essential to interpret these findings within the context 
of agricultural practices and climate change adaptation. 
These insights shed light on potential challenges for rice 
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Table 7. Changes in duration (days) of Jyothi under RCP 4.5 and 8.5: Base period vs. future scenarios

Districts Base period RCP 4.5 RCP 8.5
Mid-century End of century Mid-century End of century

Kasargod (KSG) 122 96 94 96 92
Kannur (KNR) 122 95 94 95 92
Kozhikode (KZK) 124 95 94 95 92
Malappuram (MLP) 122 95 94 95 93
Palakkad (PLK) 117 95 95 95 92
Thrissur (TSR) 115 95 97 96 92
Ernakulam (EKM) 109 95 93 92 92
Idukki (IDK) 105 112 107 110 101
Alappuzha (ALP) 104 96 94 94 91
Kottayam (KTM) 104 94 92 94 91
Pathanamthitta (PTA) 101 93 92 93 91
Kollam (KLM) 99 93 91 93 91
Thiruvananthapuram (TVM) 97 93 91 92 90

Table 8. Changes in duration (days) of Jaya under RCP 4.5 and 8.5: Base period vs. future scenarios

Districts Base period RCP 4.5 RCP 8.5
Mid-century End of century Mid-century End of century

Kasargod (KSG) 134 106 104 106 102
Kannur (KNR) 134 105 104 105 101
Kozhikode (KZK) 136 105 104 105 101
Malappuram (MLP) 134 106 103 105 102
Palakkad (PLK) 127 106 103 105 101
Thrissur (TSR) 117 105 103 105 101
Ernakulam (EKM) 120 105 102 104 100
Idukki (IDK) 115 123 118 122 111
Alappuzha (ALP) 115 104 102 103 101
Kottayam (KTM) 115 103 102 103 100
Pathanamthitta (PTA) 110 103 102 103 100
Kollam (KLM) 109 103 101 103 99
Thiruvananthapuram (TVM) 107 102 100 102 98

production and offer valuable information for developing 
strategies aimed at ensuring sustainable rice cultivation 
in a changing climate.

Focusing on the Jyothi rice variety, during the base 
period, the crop duration ranged from 97 to 124 days. 
However, future simulations project a contraction in this 
duration, reducing it to 90 to 100 days. In the northern 
zone (comprising Kasargod, Kannur, Kozhikode, and 
Malappuram), the crop duration initially ranged from 
122 to 124 days but is expected to decrease to 95 days 
by mid-century. Under both the stabilization (RCP 4.5) 
and high-emission (RCP 8.5) scenarios, a temperature 
increase of 4.5°C is anticipated, further shortening the 
maturity period to 94 days under RCP 4.5 and 92 days 

under RCP 8.5 by the end of the century. In the central 
zone, Jyothi’s crop duration is projected to decrease to 
95 days in future simulations, with a more pronounced 
reduction to 92 days under the RCP 8.5 scenario by 
the century’s end. In the southern and problem areas, 
a projected 2°C temperature rise is expected to reduce 
the crop duration from 100 days to 93 days by mid-
century. By the end of the century, with a further 3°C 
increase, the duration is expected to shorten to 91 days. 
On the other hand, in the high-range zone, a reverse 
trend is predicted, with a slight temperature decrease of 
0.8°C under RCP 4.5 and 0.6°C under RCP 8.5 by mid-
century. This cooling effect is projected to extend the 
duration of Jyothi by approximately 7 days under both 
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scenarios (Fig. 1 and 2). A clear negative correlation 
between temperature and crop duration is evident, as a 
mere 1°C increase in temperature accelerates maturity 
by 6-7 days. This observation aligns with Ziska et al. 
(1997), who found that a 4°C temperature rise led to 
faster rice crop maturation. Interestingly, seasonal 
variations also influence crop maturation: during dry 
seasons, maturity is hastened by six days, while in wet 
seasons, it is advanced by five days. This warming trend 
has significant implications for rice cultivation. Elevated 
temperatures shorten each phenological stage, leading 
to a decrease in overall crop duration (Ahmad et al., 
2019). Moreover, increased temperatures can reduce 
the grain-filling period, leading to incomplete grain filling 
and limited starch accumulation, which in turn reduces 
grain yield (Ren et al., 2023).

Parallel outcomes were observed for the Jaya 
rice variety. The established duration for Jaya, ranging 
from 107 to 136 days, was notably shortened in future 
simulations, with the crop duration predicted to reduce 
to 90-100 days. During the base period, in the northern 
zone of Kerala, Jaya had a 134 day crop duration. 
However, by mid-century, this duration is expected to 
decline to 106 days under both the RCP 4.5 and RCP 8.5 

scenarios, reflecting a 4°C temperature rise compared 
to the baseline. By the end of the century, the duration 
further contracts to 101-104 days, corresponding to a 
5-6°C temperature increase. In the central zone, which 
includes districts like Palakkad and Thrissur, where 
temperatures are projected to rise by 3°C, the crop 
duration decreases from 120 days to 105-106 days. 
Similarly, in the Ernakulam district, a 2°C temperature 
increase is expected to reduce Jaya’s duration from 120 
to 105 days. By the end of the century, a 4°C temperature 
rise will further reduce Jaya’s duration to 100 days. In 
the southern and problematic zones, the base period 
saw a duration of 110-115 days for Jaya, which is 
expected to decrease to 103 days by mid-century, 
due to a 2°C temperature increase. By the end of the 
century, with an additional 2-3°C rise in temperature, 
Jaya’s maturity period is projected to shorten further to 
100 days. On the other side, in the high-range zone, 
where a temperature decrease is expected, the crop 
duration of Jaya is projected to increase by 8 days 
under both RCP scenarios. However, under RCP 8.5, 
by the century’s end, a projected 1.5°C temperature 
rise will result in a 4-day reduction in Jaya’s duration 
compared to the baseline (Fig. 4 and 5). It is important 

Fig. 3. Deviation from normal minimum temperature and 
changes number of days from transplanting to 
maturity during Mid-century in Jyothi 

Fig. 4. Deviation from normal minimum temperature and 
changes in number of days from transplanting to 
maturity during mid-century in Jyothi

Fig. 1. Deviation from normal maximum temperature and 
changes in number of days from transplanting to 
maturity during mid-century in Jyothi

Fig. 2. Deviation from normal maximum temperature and 
changes in number of days from transplanting to 
maturity during end of the century in Jyothi 
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to note that the shortening of the crop maturity period, 
due to reduced time for biomass accumulation during 
the vegetative phase, would result in a reduction in rice 
yield (Yao et al., 2007). An increase in temperature can 
hasten crop senescence, thus shortening the overall 
crop duration and impairing grain filling, as observed 
in wheat (Lobell et al., 2012). A similar trend was found 
in rice, where a decrease in the grain-filling stage could 
potentially reduce rice yield (Lyman et al., 2013).

CONCLUSION 
In conclusion, the rising temperatures in Kerala 

are projected to significantly impact rice growth and 
yield, primarily by reducing the overall crop duration. 
The acceleration of growth stages, driven by the rapid 
accumulation of Growing Degree Days (GDD), leads 
to shorter phenophase durations. Among the various 
zones in Kerala, the northern zone is expected to 
experience the greatest temperature increase, resulting 
in the most considerable reduction in crop duration. 
On the other hand, the high-range zone, such as 
Idukki, is projected to experience a slight temperature 
decrease, extending the crop duration by 8 days under 
both the RCP 4.5 and RCP 8.5 pathways. These 

findings highlight the importance of understanding 
regional temperature trends and their effects on crop 
development. By recognizing these changes, farmers 
can make informed decisions on crop management, 
such as adjusting planting schedules and adopting 
practices that enhance yield stability. Ultimately, this 
knowledge will enable better adaptation to regional 
temperature variations, ensuring more reliable rice 
production outcomes in the face of climate change.  
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