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Appendix 1: Search query used in the Scopus database:
TITLE-ABS-KEY (“Climate Variability*” OR "Climate Change*" OR "Global Warming”) AND TITLE-ABS-KEY (“Rice Production" OR "Rice Yield”) OR ("Rice disease*" OR "Rice Pathogen*" OR " Plant Pathogen") AND TITLE-ABS KEY (“Bangladesh” OR " Southeast Asia" OR “Asia” OR “India”)




















[bookmark: _Hlk214878664][bookmark: _Hlk172536424]Appendix 2: Conversion of the various statistical outputs such as correlation coefficients, regression coefficients, R2 values into a common effect size (Cohen's d) using the following equations:

[bookmark: _Hlk172536699]Cohen’s d from correlation coefficients (r):


Cohen’s d from regression coefficients (β):
	


Where β is the regression coefficient, σy and σx ​ are the standard deviation of the dependent variable and independent variable respectively.

Cohen’s d from R2 values:
	










Appendix 3: Mann-Kendall test-
[bookmark: _Hlk214879582]The Mann-Kendall test is a rank-based technique commonly used to identify long-term trends in meteorological data in climate studies (Burn and Hag Elnur 2002; Paparrizos et al. 2016; Yue and Wang 2004). It is robust to extreme cases and performs well even with skewed distributions. This test is essential for understanding climate variability in rice production systems. For all indices, we used a 95% confidence level to assess the significance of trends. At this significance level, the null hypothesis of ‘no trend’ is rejected if the absolute value of the Z statistic (|Z|) is greater than 1.96. In another nonparametric trend test, we used Sen's (1968) slope estimator to estimate the magnitude of change in the climate data. While the Mann-Kendall test identifies the direction of change or trend, Sen's slope estimator quantifies the rate of change. 













[bookmark: _Hlk214879519]Appendix 4: Rice yield impact analysis using quadratic polynomial regression-
We used a quadratic polynomial regression (Eq. 1), adapted from Lobell et al. (2011) and Hasan and Kumar (2021), to regress aman rice yields against a series of climate variables to quantify the impacts of temperature, rainfall, and humidity trends on rice yields. These researchers use both fixed and random effects (mixed effects) in their study. As we conduct our study in only one location and one crop, there are no random effects except for the fixed effects (climate effect). 
For this analysis, data on average temperature, total rainfall, and average humidity were aggregated for the aman rice-growing season over the time period 1981–2018.

[bookmark: _Hlk165184622],				 (1)
 
where Yi is the aman rice yield (ton/ha), α is the intercept, β1...5 are the regression coefficients of the predictor variables, and t is time (year). T, R, and H are the climate variables, namely, average temperature (°C), total rainfall (mm), and average humidity (%), respectively, for the aman rice-growing season, and εi is the residual errors, which are assumed to be independently and usually distributed. The logarithm of yield was regarded as a linear combination of the aforementioned predictors, as the crop yield data closely resembles a log-normal distribution (Lobell et al., 2011). The yield curve increases rapidly when the time (year) variable is squared, which may be a result of evolving farming practices and the impact of technological advancements (Hasan and Kumar 2021). Therefore, we added t (time) and t2 (time squared) to mask out the effects of improved farming practices and technological advancements (both being non-climatic factors) from the impacts of climate on rice yields, as these non-climatic factors are not accounted for in the current study.

We employed the procedure outlined by Lobell et al. (2011) to evaluate the yield effect of climate trends in three steps. First, the yearly series of climate variables were detrended. The detrended series (of the climate variables were estimated by deducting the predicted or fitted values of the regressions () from the observed time series values () and adding the initial value () (Eq. 2) (Lobell et al. 2011; Hasan and Kumar 2021).
[bookmark: _Hlk165184241] 				 		(2)

Second, rice yields were modelled using various combinations of the observed and the detrended series, as follows:
· F(T, R, H) = yield predicted by observed climate variables, i.e., temperature, rainfall, and humidity 
· F(Td, R, H) = yield predicted by detrended temperature, observed rainfall, and observed humidity
· F(T, Rd, H) = yield predicted by observed temperature, detrended rainfall, and observed humidity 
· F(T, R, Hd) = yield predicted by observed temperature, observed rainfall, and detrended humidity
· F(Td, Rd, Hd) = yield predicted by detrended climate variables, i.e., temperature, rainfall, and humidity 

Third, the differences F(T, R, H) − F(Td, R, H), F(T, R, H) − F(T, Rd, H), F(T, R, H) – F(T, R, Hd), and F(T, R, H) − F(Td, Rd, Hd) were computed to quantify the yield impacts of trends in temperature, rainfall, humidity, and the combined effects of temperature, rainfall, and humidity, respectively.
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Fig. S1 PRISMA Flow diagram depicting the literature selection procedure 
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Fig. S2 Trend in annual average (a) maximum temperature (°C); (b) minimum temperature (°C); (c) annual total rainfall (mm); and, (d) annual average humidity (%) in the coastal Patuakhali region, during aman season (Jun-Dec) in the period 1981-2018










Table S1 Inclusion and exclusion criteria for literature screening
	Inclusion criteria
	Exclusion criteria

	1. Time: 2000 - October 2022
	1. Time: before 2000 and after 2022

	2. Language in English
	2. Languages other than English

	3. Document type is article, review, or book chapter
	3. Document type is other than review, article, or book chapter (e.g., thesis, book review, conference paper)

	4. Documents containing keywords related to climate change and climate variability impact on rice yield and diseases (e.g., climate variability, climate change, global warming, rice yield, rice disease, rice pathogen, etc.)
	4. Documents containing keywords other than those related to climate change and climate variability impact on rice yield and diseases

	5. Addresses at least one type of document 
(climate change impact on rice yield, or rice diseases)
	5. Addresses other than one of these two types

	6. Subject areas focusing on Agricultural and biological science, environmental science, and multidisciplinary
	6. Subject areas focusing on other than Agricultural and biological science, environmental science, and multidisciplinary















Table S2 summary of regression results between rice yield and climatic variables over the period 1981-2018 in coastal Patuakhali region

	Climatic variables
	Coefficient/slope 
	t-Value
	p-Value
	R2
	Standard error

	Temperature
	7.256e-01 
	4.911
	2.24e-05***
	0.6275
	0.2599

	Rainfall
	-1.216e-04 
	-1.143 
	0.2609 
	0.6275
	0.2599

	Humidity
	3.792e-02 
	1.823 
	0.0772
	0.6275
	0.2599


*, ** and *** indicate significance, respectively, at 0.10, 0.05 and 0.01 levels of probability




































Table S3 Summary of Pearson correlation coefficient (r) between rice yield and climatic variables over the period 1981-2018 in the coastal Patuakhali region

	Climatic variables
	r 
	P value

	Temperature
	0.7543658 **

	4.511e-08

	Rainfall
	-0.3243919*

	0.04692

	Humidity
	0.5716851**

	0.0001774

	
	
	


*α=0.001 level of significance, **α=0.01 level of significance, ***α=0.05 level of significance















[bookmark: _Hlk176942380]Table S4 Threshold levels used to determine the number of favorable days for the occurrence of three major rice diseases
	Name of the Diseases
	Favorable weather conditions for disease development
	References

	Sheath blight of rice
	Average temperature 28-32°C, relative humidity above 80% 
	BAMIS (2023)


	Blast of rice
	Minimum temperature 16-20°C, maximum temperature 25-30°C, relative humidity above 90% 
	BAMIS (2023),
Salam et al. (2020) 

	Bacterial leaf blight of rice
	Average temperature 25-34°C, relative humidity 70-90%, rainfall above 30mm
	Haque et al. (2022), BAMIS (2023)






References
BAMIS (2023) Bangladesh Agro-Meteorological Information Service (BAMIS). www.bamis.gov.bd. Retrieved December 5, 2023, from https://www.bamis.gov.bd/en/thresholds/1/all/76/
Salam M, Krupnik TJ, Montes C, Nessa B, Khatun M, Ali MP, & Uddin MS (2020) Potential impact of climate change on crop insect pests and diseases in Bangladesh: Future scenarios and strategies for climate services
Haque MM, Mita MM, Bashar S, Masud MM, Protic IA, Mozumdar UK, & Islam MR (2022) Weather parameters largely regulate the outbreak of the rice bacterial blight: an endemic disease poses a threat to food security in Bangladesh. Asian-Australas J Food Saf Secur 6(1):35–47. https://doi.org/10.3329/aajfss.v6i1.59851





Table S5 Six thematic categories used to organize findings from the Systematic literature review with definition and example
	[bookmark: _Hlk207870223]Six thematic categories
	Definition
	Example

	[bookmark: _Hlk124481851]a) overall impact of climate variability on rice yield
	Refers to how changes in climatic factors, namely temperature, rainfall, and humidity, affect rice growth and yield.
	climate variability in terms of maximum temperature and excess rainfall negatively affects rice yield, whereas minimum temperature positively affects rice yield in India (Bhardwaj 2022).

	[bookmark: _Hlk124481635]i) Impact of temperature on rice yield
	Refers to how variations in minimum and maximum temperature affect rice yield.
	High minimum temperature negatively affects rice yield in Asia (Khairulbahri 2022).

	[bookmark: _Hlk124481733]ii) Impact of rainfall and humidity on rice yield
	Refers to how changes in rainfall patterns (e.g., droughts, floods) and humidity affect rice yield.
	Intense rainfall and higher humidity have negative and positive effects, respectively, on rice yield in Bangladesh (Amin et al. 2014).

	b) overall impact of climate variability on rice disease
	Refers to how fluctuations in climate conditions (such as temperature, rainfall, humidity) affect rice diseases.
	climate variability in terms of Increased temperature and increased humidity will increase sheath blight disease in south Korea (Kim and Cho 2016).

	i) Impact of temperature on rice disease
	Refers to how temperature changes influence rice diseases.
	increasing temperature will increase bacterial leaf blight disease in Tanzania Duku et al. 2016).

	ii) Impact of humidity and rainfall on rice disease
	Refers to how changes in humidity affect rice diseases.
	Higher humidity increase the occurrence of sheath blight disease in in India (Pal 2017).








Table S6 Summary of publications that focus on the impact of climate variability on rice yield
	Publication details.
	Country/region
	Climatic variables/ stresses
	Time

	Model used

	Climate variability impact
	Effect size (Cohen’s d, 95% CI)

	01. Baig et al. (2022)
	India
	Increasing and decreasing temperature, excess and less rainfall
	1991–2018
	NARDL and Granger causality
	[bookmark: _Hlk124663582]Increasing temperature or decreasing temperature >- Rice yield in the long run

Increasing temperature or decreasing temperature >+ Rice yield in the short run

Excess rainfall >- Rice yield

[bookmark: _Hlk124686733]A decrease in rainfall>+ Rice yield in the long and short run

	Tmean, 
d = 1.31 (0.49, 2.12) 

Raverage, 
d = 0.67 (-0.09, 1.43)





	02. Bhardwaj (2022)
	India
	[bookmark: _Hlk124663736]Maximum temperature, 
minimum temperature,
excess rainfall
	1981–2017
	FMOLS, DOLS, PMG
	Maximum temperature >- Rice yield

Minimum temperature >+ Rice yield

Excess rainfall >- Rice yield

	

Tmax,
d = 0.52 (0.33, 0.71)
Tmin,
d = 0.18 (−0.01, 0.37)
Raverage,
d = 0.33 (0.14, 0.52)


	03. Zhao (2022)
	Southeast Asia, Africa, South America, North America
	Increase or decrease number of warm days, extremely heavy precipitation
	1950–2100
	multivariate nonlinear model
	Increase or decrease number of warm days >- Rice yield at
the end of the 21st century in
Southeast Asia and South America

extremely heavy precipitation >- Rice yield 

Increase or decrease number of warm days, extremely heavy precipitation >+ Rice yield at African and North American country in the mid-21st century
	No. of warming days, 
d = 1.46 (1.03, 1.89)

Total heavy precipitation, 
d = 0.95 (0.52, 1.38)

	04. Aziz et al. (2023)
	Bangladesh
	increased and decreased rainfall
	1970-2060
	geospatial techniques
	Increased or decreased rainfall in Kharif-II season >- Aman Rice yield
	NA

	05. Khairulbahri (2022)
	Asia
	High minimum temperature
	
	system archetypes
	High minimum temperature >- Rice yield

	NA

	06. Chandio et al. (2021)
	Asia
	[bookmark: _Hlk124663829]Average temperature changes
	
1961–2016
	DOLS ,Dumitrescu and Hurlin 
causality test
	Average temperature changes >- Rice yield

	Tmean, 
d = 0.6 (0.31, 0.89)
Raverage, 
d = 0.1 (-0.18, 0.37)



	07. Mondol et al. (2021)
	Bangladesh
	Drought
	1979–2018
	Mann-Kendall test and Sen Slope estimation
	Drought >- Rice yield

	Drought, 
d = -0.177 (-0.57, 0.22)


	08. Dubey et al. (2021)
	India
	Increasing temperature
	
	quantile mapping method
	Increasing temperature>- Rice yield

	NA



	09. Kashyap and Agarwal, (2021)
	India
	Increase in minimum temperature, maximum temperature, mean temperature
	
1986–2017
	CROPWAT, and Path analysis, Mann–
Kendall test
	Increase in minimum temperature, maximum temperature, mean temperature >- Rice yield
	
Tem,
d = 0.18 (-0.21, 0.58)
rain,
d = 0.35 (-0.04, 0.75)


	10. Debnath et al. (2021)
	India
	increase in maximum temperature, minimum temperature and rainfall
	1981–2050
	DSSAT model
	increase in maximum temperature, minimum temperature and rainfall >-
Rice yield

	NA




	11. Jakariya et al. (2020)
	Bangladesh
	shortage of rain and increasing temperatures
	1981–2030
	Stochastic Model of multiple regression analysis, ARIMA model
	shortage of rain and increasing temperatures >- Rice yield
	
Tmean, 
d = -0.22(−0.36, -0.08)
rain,
d = 0.00 (-0.14, 0.14)

	12. Wu et al. (2021)
	Asia
	Rise in the
maximum temperature, increase in the minimum temperature, rising precipitation

	
	meta-analysis
	Rise in the
maximum temperature >+ Rice yield

increase in the minimum temperature >- Rice yield

rising precipitation
>+ Rice yield
	
Tmax, 
d = 0.52 (0.37, 0.66)
Tmin, 
d = 1.33 (1.19, 1.48)
rain,
d = 0.33 (0.19, 0.47)

	13. Jha et al. (2020)
	India
	[bookmark: _Hlk124663906]change in temperature, the increase in precipitation
	2020 to 2059
	DSSAT, CERES-Rice mode
	change in temperature >- Rice yield

the increase in precipitation >+ Rice yield
	NA



	14. Hasan and Rahman, (2020)
	Bangladesh
	Changes of monthly average temperatures, Variability in rainfall pattern and humidity
	2008-2070
	DSSAT, PRECIS
	Changes of monthly average temperatures >- Rice yield

Variability in rainfall pattern >- Rice yield
Variability in humidity >- Rice yield


	NA

	15. Kinose et al. (2020)
	Indonesia
	higher air temperature
	2018-2042
	MATCRO-Rice
	higher air temperature >- Rice yield

	NA



	16. Sarker et al. (2017)
	Bangladesh
	increase in maximum temperature, 
increase in minimum temperature,
increase in
rainfall
	1964–2012
	stochastic yield function approach
	1% increase in maximum temperature >+ Rice yield

an increase in minimum temperature >- Rice yield

[bookmark: _Hlk124690687]1% increase in
Rainfall >+ Rice yield


	
Tmax,
 d = 6.96 (6.87, 7.05)

Tmin, 
d = 1.85 (1.76, 1.94)

rain, 
d = 0.00 (-0.09, 0.09)



	17. Gupta and Mishra, (2019)
	India
	increasing
temperature, precipitation
	

1976–2095
	CSM-CERES-Rice v4.5) of DSSAT
	increasing
temperature, precipitation >- Rice yield RCP 8.5 till the end of 21st century

	NA


	18. Bhatt et al. (2019)
	India
	increase in minimum temperature
	1971 to 2013
	time-series non-parametric Mann-Kendall trend test
	increase in minimum temperature >- Rice yield
	Tmax, 
d = -0.03 (-0.40, 0.32)
Tmin,
d = 0.30 (-0.07, 0.67)
rainfall,
d = 0.00 (-0.36, 0.36)


	19. Duc et al. (2019)
	Vietnam
	Changes in the rainfall and temperature patterns
	1975–2014
	geostatistical techniques, Mann-Kendall trend test

	Changes in the rainfall and temperature patterns >- Rice yield
	NA

	20. Mall et al. (2018)
	India
	more number of days with temperature greater than 40 °C
	1971–2000
	quantile mapping approach, DSSAT
	more number of days with temperature greater than 40 °C >- Rice yield
	NA

	21. Pranuthi and Tripathi, (2018)
	India
	increased maximum temperature
	1961–2090
	PRECIS RCM, Mann- Kendall’s test, DSSAT CERES rice model
	increased maximum temperature >- Rice yield
	
Tmax, 
d = -8.77 ( -8.33, -9.20)
Tmin,
d = -8.78 (-8.35, -9.21)
rainfall, 
d = -7.77 (-7.34, -8.20)

	22. Prabnakorn et al. (2018)
	Thailand
	increases in Tmin and Tmax
	1984–2013
	SPEI
	increases in Tmin and Tmax >- Rice yield

precipitation >+ Rice yield

	Tmax, 
d = 0.44 (0.07, 0.82)
Tmin, 
d = 0.45 (0.07, 0.83)
Rainfall, 
d = 0.42 (0.05, 0.79)

	23. Dkhar et al. (2017)
	India
	[bookmark: _Hlk124663996]increase in monsoon maximum temperature, increase in June
rainfall
	1975–2009
	yield regression model
	1% increase in monsoon maximum temperature >+ Rice yield

1% increase in June
rainfall >+ Rice yield
	

Tmax, 
d = 2.67 (1.94, 3.41)
Tmin, 
d = -0.87 (−3.13, 1.41)
Rainfall,
d = 1.19 (0.64,1.76)


	24. Balasubramanian et al. (2017)
	India
	temperature increased
	
	
	temperature increased >- Rice yield

	NA



	25. Maniruzzaman et al. (2017)
	Bangladesh
	Increase in maximum and minimum temperature
	1971 to 2010
	MAKESENS model
	maximum temperature changes by 
1o C >+ Boro Rice yield, 

one degree rise in minimum temperature >-Boro Rice yield

	
Tmax, 
d = 3.19 (3.62, 2.76)
Tmin, 
d = -8.04 (-8.47, -7.61)


	26. Singh et al. (2017)
	India
	increase in temperature, maximum and minimum, Precipitation decreases
	1950- 2060
	CERES-Rice Model, DSSAT



	increase in temperature, maximum and minimum >- Rice yield

Precipitation decreases >- Rice yield

	NA

	27. Abeysingha et al. (2016)
	India
	increase in rainfall

	1982-2099
	SWAT

	increase in rainfall
>+ Rice yield
	NA


	28. Hasan et al. (2016)
	Bangladesh
	change in average temperature, increase in seasonal rainfall
	1972–2013
	Regression model
	change in average temperature >- Rice yield

1% increase in seasonal rainfall >+ Aman Rice yield
	

Taverag, 
d = 2.97 (2.31, 3.63)
Rainfall,
d = 3.83 (3.32, 4.34)

	 29. Ara et al. (2016)
	Bangladesh
	Temperature and rainfall
	1981–2010
	Linear mixed models

	Temperature and rainfall >- Rice yield

	Tem,
d = -4.32 (-4.77, -3.87)
rainfall, 
d = -2.50 (-3.28, -1.72)

	30. Chun et al. (2016)
	Southeast Asia
	warming trend for temperature
	1991–2100
	GLAM-Rice and CERES-Rice crop models
	warming trend for temperature >- Rice yield

	NA



	31. Banerjee et al. (2016)
	India
	Temperature increase
	1980- 2050
	CGSM, PRECIS
	Temperature increase >- Rice yield

	Tem, 
d = 1.00 (-0.95, 2.95)



	32. Sailaja et al. (2015)
	India
	Temperature increase
	2011
	Oryza2000 model
	Temperature increase >- Rice yield

	
Tem, 
d = -1.76 (-8.53, 5.01)


	33. Prajapati, (2015)
	India
	Increased precipitation
	1971–2005
	Quantile regression
	Increased precipitation >+ Rice yield
	NA

	34. Amin et al. (2014)
	Bangladesh
	temperature 
extremes, intense rainfall and humidity
	1972–2010
	HAC and FGLS method
	temperature 
extremes, intense rainfall >- Aman 
Rice yield

Higher temperature>- BoroRice yield
Higher humidity > +Aman yield
	Tmax, 
d = -2.68 (-2.25, -3.11)
Tmin,
d = -4.32 (-3.88, -4.75)
rainfall,
d = -0.00 (-0.43, 0.43)
NA


	35. Pattanayak and Kumar, (2014)
	India
	Daytime maximum temperature
	1969–2007
	multivariate fixed effects panel data regression models
	Daytime maximum temperature >- 
Rice yield

	Tmax, 
d = 3.03 (2.44, 3.63)

Tmin,
d = 0.71 (0.57, 0.84)
rainfall, 
d = 0.07 (0.06,0.08)



	36. Saxena and Soora, (2014)
	India
	increased temperature
	1970-2005
	InfoCrop-RICE model
	increased temperature >- 
Rice yield

	
Tem, 
d = 1.70 (-0.61, 3.41)

	37. Zacharias et al. (2014)
	India
	Extreme high temperature and rainfall intensity days
	2070-2100
	PRECIS
	Extreme high temperature and rainfall intensity days >- 
Rice yield

	NA

	38. Haris et al. (2013)
	India
	increases in temperature
	1961–2080
	InfoCrop model
	increases in temperature>-
Rice yield in long-duration variety
	
Tem,
d = 5.69 (4.95, 6.43)


	39. Lyman et al. (2013)
	USA
	increases in growing-season temperature
	2007-2010
	OLS multiple regression model
	increases in growing-season temperature >- 
Rice yield

	
Tem,
d = 1.20 (0.89, 1.51)

	40. Soora et al. (2013)
	India
	Increase in rainfall, change in temperature
	1969-2080
	InfoCrop-rice model
	Increase in rainfall>+ 
Rice yield in low 
rainfall region

change in temperature >- 
Rice yield

	NA

	41. Sarker et al. (2012)
	Bangladesh
	minimum and maximum temperature, 
rainfall
	1972 to 2009
	Just–Pope yield function
	minimum and maximum temperature >- 
Rice yield


rainfall >- 
Aus Rice yield

	NA



	42. Barnwal and Kotani, (2013)
	India
	increase in temperature and precipitation
	1971 to 2004
	quantile regression approach
	increase in temperature >- 
Kharif Rice yield

increase in precipitation >- 
Kharif Rice yield

	
Tem,
d = -1.47 (-102.17, 99.23)
rain, 
d = 2.19 (1.81, 2.57)

	43. Kim et al. (2013)
	East Asia
	temperature increases
	1986–2112
	CERES-Rice 4.0
	temperature increases >- 
Rice yield

	
Temperature, 
d = 1.34 (0.99, 1.69)

	44. Hossain et al. (2013)
	Bangladesh
	higher temperature
	
	
	higher temperature>- 
Rice yield

	NA


	45. Sarker et al. (2012)
	Bangladesh
	Maximum temperature,
Minimum temperature
	1972–2009
	OLS and QR models
	Maximum temperature >- 
Boro Rice yield

Minimum temperature >- 
Aman Rice yield

Maximum temperature >+ 
Aus and Aman Rice yield

Minimum temperature>+ 
Boro Rice yield

	
Tmax, 
d = 0.09 (-0.03, 0.21)
Tmin, 
d = 0.03 (-0.07, 0.13)

Rain, 
d = 0.05 (−2.71, 1.94)

	46. Auffhammer et al. (2012)
	India
	[bookmark: _Hlk124664175]warmer
nights, Drought, extreme rainfall and lower rainfall
	1966–2002
	Regression model
	warmer
nights >- 
Rice yield

Drought, extreme rainfall and lower rainfall >- 
Rice yield

	
Tmin, 
d = 0.99 (0.66, 1.32)
Rain, 
d = 1.59 (1.26, 1.92)

	47. Karim et al. (2012)
	Bangladesh
	high temperature, rainfall pattern and distribution
	2000–2100
	ORYZA2000
	high temperature >- Rice yield

rainfall pattern and distribution >- Rice yield
	NA



	48. Swain, (2010)
	India
	high temperature
	2008
	CERES, DSSAT
	high temperature
>- Rice yield in long duration variety
	
Tem,
d = -2.92 (-3.31, -2.53)

	49. Welch et al. (2010)
	Asia
	Higher minimum and maximum temperature
	1994–1999
	multiple regression model
	Higher minimum temperature >- Rice yield

higher
maximum temperature>+ Rice yield
	
Tmax, 
d = -1.78 (-2.17, -1.39)
Tmin,
d = 0.6 (0.21, 0.99)


	50. Xiong et al. (2009)
	China
	higher temperature
	1961–1990
	PRECIS ,CERES
	higher temperature >- Rice yield

	NA

	51. Swain, (2009)
	India
	Increase in average air temperature
	1974-2000
	CERES-rice
	Increase in average air temperature >- Rice yield
	NA


	52. Tao et al. (2008)
	China
	increase in growing season maximum temperature
	1951–2002
	simple linear regression, multiple
linear regressions
	increase in growing season maximum temperature >- Rice yield
	Tmax, 
d = 1.84 (1.19, 2.59)
Tmin,
d = 1.89 (1.15, 2.63)
rain, 
d = 1.27 (0.53, 2.01)


	53. Saseendran et al. (2000)
	India
	increase in monsoon seasonal mean surface temperature
	1951-2049
	CERES-Rice v3
	increase in monsoon seasonal mean surface temperature >- Rice yield
	NA



	Note: >-  and >+ indicate the variable(s) preceding the >- and >+ symbols had negative and positive impacts, respectively, on rice yield; NA- Not applicable.








Table S7 Summary of studies that focus on climate variability impact on rice diseases
	Sl. No.
	Authors
	Disease(s) focused /pathogen (s)
	Main findings
	Climatic variables
	Geographic scope

	01.
	 Wang et al. (2022)









	Blast of rice (Pyricularia 
oryzae)


Sheath blight of rice (Rhizoctonia solani)
	Rice blast will become more severe in lower latitudes as temperatures rise. 
Rising temperatures will raise the risk of blast epidemics in cool subtropical zones like northern China.
Rising temperatures will reduce the risk of blast in the humid tropics and warm humid subtropics.
Under high temperature microclimatic conditions (28-32 °C), sheath blight has a high infection rate.



	Increased temperature
	Global

	02.
	 Juroszek et al. (2022)
	Blast of rice (Pyricularia 
oryzae)
	Rice leaf blast risk will most likely decrease in Asia in the future.
	Increased temperature
	Global

	03.
	 Shew et al. (2019)
	Bacterial Panicle Blight (Burkholderia glumae)
	According to the 1˚C warming scenario, the rise in BPB and accompanying yield losses would have resulted in 51% greater overall yield losses than those projected in the baseline.
	Increased temperature
	USA

	04.
	 Velásquez et al. (2018)
	Bacterial leaf blight of rice (Xanthomonas oryzae)
Sheath blight of rice (Rhizoctonia solani)
	In Asia, rice bacterial leaf blight and sheath blight infection could be increased as temperatures increase
	Increased temperature
	Global

	05.
	 Gautam et al. (2013)
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)

	Elevated temperature is also posing higher threat to blast and sheath blight disease of rice
	Increased temperature
	Global

	06.
	 Luck et al. (2011)
	Blast of rice (Pyricularia oryzae)
	An increase above normal temperatures resulted in
more severe blast epidemics in rice
	Increased temperature
	Global

	07.
	 Haq et al. (2011)
	Sheath blight of rice (Rhizoctonia solani)

Blast of rice (Pyricularia oryzae)


	Increased temperature and humidity will increase sheath blight and blast incidence in Bangladesh 
	Increased temperature and increased humidity
	Bangladesh

	08.
	 Kim and Cho, (2016)
	Sheath blight of rice (Rhizoctonia solani)
Blast of rice (Pyricularia oryzae)

	sheath blight will remain to be one of the rice diseases to be favored by a climate change regime
	Increased temperature and increased humidity 
	South Korea

	09.
	 Chakraborty, (2000) 
	Blast of rice (Pyricularia oryzae)

	An increased risk of serious rice blast was predicted for cool, subtropical rice growing zones, such as Japan. In the humid tropics and subtropical zones, such as in the Philippines, blast development would be inhibited at higher temperatures.
	Higher temperature
	Global

	10. 
	 Ghini et al. (2008)
	Blast of rice (Pyricularia oryzae)

	In cool subtropical zones, higher temperatures caused increases in disease severity, because higher risk of epidemics occurs under higher temperatures. In humid tropical and humid warm subtropical zones, such as Southern China, Philippines and Thailand, the opposite effect was observed. Lower temperatures increased the risk of rice blast epidemics since the current temperatures in these regions are above favorable values for the occurrence of this disease
	Higher temperature
	Global

	11.
	 Luck et al. (2011)
	Blast of rice (Pyricularia oryzae)

	Temperature change emerged as the main determinant of crop loss; in the cool subtropics such as Japan and northern China, an increase above normal temperature resulted in more severe blast epidemics, whilst in the warm ⁄ cool humid subtropics, temperature increase caused significantly fewer blast epidemics. 
	Increased temperature
	Global

	12.
	 Duku et al. (2016)
	Bacterial leaf blight of rice (Xanthomonas oryzae)
Blast of rice (Pyricularia oryzae)


	Bacterial leaf blight is predicted to increase than leaf blast in the future due to increasing temperature
	Increased temperature
	Tanzania

	13.
	 Viswanath et al. (2017)
	Blast of rice (Pyricularia oryzae)

	Leaf blast is projected to increase during the winter season (December–March) in 2020 (2010–2039) and 2050 (2040–2069) climate scenarios due to temperature rise
	Rising temperature
	India

	14. 
	 Das, (2017)
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)


	Rice diseases such as rice blast, sheath, blight could become more widespread in South East Asia due to rising temperature
	Rising temperature
	South east Asia

	15.
	Kirtphaiboon et al. (2021)
	Blast of rice (Pyricularia oryzae)

	If the temperature increases, the severity of blast disease will decrease. On the other hand, the severity will increase when the relative humidity increases. 
	Increased temperature and humidity
	Thailand

	16.
	 Webb et al. (2010)
	Bacterial leaf blight of rice (Xanthomonas oryzae)
	Higher temperatures are predicted to accelerate higher disease pressure of bacterial leaf blight
	Higher temperatures
	Philippines

	17.
	 Pal, (2017)
	Sheath blight of rice (Rhizoctonia solani)

	Higher temperature and higher humidity increase the occurrence of sheath blight
	Higher temperature and humidity
	India

	18.
	 Kim et al. (2015)
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)

	Higher temperature is the major factor that determined the increased trends of both leaf blast and sheath blight disease epidemics
	Higher Temperature
	Korea

	19.
	 Sharma et al. (2007)
	Bacterial leaf blight of rice (Xanthomonas oryzae)

						[bookmark: top]Significant and positive correlations were found between bacterial leaf blight severity and high temperature and relative humidity















	High temperature and relative humidity
	India

	20.
	 Singh et al. (2019)
	Sheath blight of rice (Rhizoctonia solani)

	High temperature and humidity played major role in the progression of the sheath blight disease
	High temperature and humidity
	India

	21.
	 Gupta et al. (2018) 
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)

	Rise in temperature and humidity will increase rice blast and sheath blight severity
	Rising temperature and humidity
	Global

	22. 
	 Fahad et al. (2019)
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)
Bacterial leaf blight of rice (Xanthomonas oryzae)


	High temperature and humidity favor the infection of blast, sheath blight and bacterial leaf blight disease
	High temperature and humidity
	Global

	23.
	 Castejón-Muñoz, (2008)
	Blast of rice (Pyricularia oryzae)

	A rise in temperature of 1°C in early August (mid tillering stage) may have caused an increase in mean leaf blast intensity 
	Rising Temperature
	Spain

	24.
	Shafaullah et al. (2011)
	Blast of rice (Pyricularia oryzae)

	Increased in humidity and rainfall will rise blast incidence.
	Increased humidity and rainfall
	Pakistan

	25.
	 Asibi et al. (2019)
	Blast of rice (Pyricularia oryzae)
Sheath blight of rice (Rhizoctonia solani)


	 increased air temperature due to climate change are projected to spread major rice diseases to new area
	Increased temperature
	Global

	26.
	 Rajput et al. (2017)
	Blast of rice (Pyricularia oryzae)
	Rise in temperature leads to increase in growth and sporulation of blast pathogen 
	Rise in temperature
	Tropical and subtropical regions

	27.
	 Bregaglio et al. (2013)
	Blast of rice (Pyricularia oryzae)
	number of infection events of blast disease is projected to increase Europe
	Rising temperature
	Europe

	28.
	 Lee et al. (2022)
	Blast of rice (Pyricularia oryzae)
	rice blast epidemics increase until the mid-2040s but decrease thereafter until 2100
	Rise in temperature
	Korea
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Fig. S3 Trend in rice yields over the 38 years under study (1981–2018) in the coastal Patuakhali district of Bangladesh
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Fig. S4 Relationship between rice yields and climate variables: (a) temperature (°C), (b) rainfall (mm), and (c) humidity (%) over the period 1981-2018
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