Projection of Future Climate Data Using Global Circulation Models
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ABSTRACT
The accurate prediction of future climate patterns is of paramount importance in understanding and mitigating the impacts of climate change on various ecosystems and human societies. This study focuses on the utilization of Global Circulation Models (GCMs) to project forthcoming climate data. GCMs are indispensable tools that simulate the Earth's atmospheric and oceanic processes, enabling us to gain insights into the complex interactions driving climatic shifts. 2 climate models namely HadGEM2-ES and MIROC-ESM were selected to generate future climate data for the period 2010-2090 from MarkSim daily weather generator and also generated climate data compared with the observed data for the period 2010-2021. By comparing model predictions with observed trends, it helps to validate the performance of GCMs and identify potential areas of improvement. Results reveals that both RCP 4.5 and 8.5 scenarios predicted substantial rise in precipitation and temperature for future years. HadGEM2-ES with RCP 8.5 show very high temperature whereas MIROC-ESM with RCP 4.5 shows very low temperature. There is an increasing trend in prediction of climate data from 2010 to 2090 with highest precipitation and temperature in 2090 and lowest in 2010. From the prediction it is expected to increase in rainfall from 49.75 mm to 1341.66 in the future and maximum and minimum temperature about 32.98-36.84 °C and 24.37-28.58°C. it was also observed that minimum temperature was increasing drastically compared to the maximum temperature. Mean monthly observed and predicted precipitation and temperature was compared for the period 2010-2090. Statistical analysis was done to compare both data. RCP 8.5 scenario is more correlated with observed data. Models had underestimated 1-3°C temperature and 30-49.7 mm rainfall this bias has to be corrected. RCP 8.5 scenario was having highest R2 about 0.88 for precipitation and 0.97 for temperature low correlation was observed for RCP 4.5 scenario compared to 8.5. Statistical analysis results confirms that data obtained from MIROC-ESM with RCP 8.5 scenario are in close agreement with the observed data with low bias in data, hence this model and scenario can be used for future projection of climate data. The findings provide crucial insights for policymakers, researchers, and stakeholders working towards a comprehensive understanding of the Earth's changing climate and the formulation of effective strategies to address its far-reaching consequences.
I. INTRODUCTION
	In the twenty-first century, climate change (CC) stands out as the foremost environmental challenge. Its effects on food security are already observable, marked by shifts in precipitation patterns, increasing air temperatures, and more frequent occurrences of extreme events. [IPCC (2016)., Islam et al (2021)]. This problem is further complicated by insufficient environmental resource management and constrained adaptive capacity within developing nations. [Groitoru et al (2016), IPCC (2014)]. India, classified as a developing nation, faces significant vulnerability to changing climate conditions. Over the latter part of the twentieth century, India witnessed notable increases in air temperatures, as well as monsoon and post-monsoon rainfall, whereas winter precipitation declined, all due to the impact of climate change. The occurrence of extreme weather events, directly linked to these climatic shifts, has risen in frequency in recent times, resulting in significant economic losses and human casualties. Projections indicate that with ongoing global warming, these trends of intensified extreme weather are anticipated to persist throughout the current century. [Fahad et al (2018), Islam et al (2022), Das et al (2022)]. Therefore, understanding the changes in precipitation and air temperature is crucial for formulating efficient approaches to mitigate climatic risks.
Climate projections play a crucial role in the fields of climate science and policy formulation by offering valuable insights into the potential changes Earth's climate may undergo in diverse scenarios. The primary purpose of climate projections lies in comprehending and anticipating likely climate trends and impacts across various spatial and temporal dimensions. They aid in evaluating how human activities, including actions like altering land use, greenhouse gas emissions, and industrial practices, might shape the planet's climate. These projections supply estimates of forthcoming alterations in temperature, precipitation patterns, sea levels, and occurrences of extreme weather. It's essential to acknowledge that climate projections do not offer absolute predictions; rather, they provide probabilistic estimations rooted in multiple emission scenarios and model uncertainties. They function as invaluable tools for making informed decisions amidst the uncertainty of future climates. Ongoing enhancements in climate models and observational methods contribute to the ongoing improvement and reliability of these projections over time. 
To investigate potential consequences of climate change, it is necessary to provide descriptions of climate at both local and regional levels.. The Global Climate Models (GCMs) are the fundamental tool for understanding the potential impacts of climate change [Yue et al (2002), Eyring et al (2016)], and making projections for the future. 
Considering the above points, the study was conducted to project future climate data of Bapatla district using two GCMs like, HadGEM2-ES and MIROC-ESM. 
II. MATERIAL AND METHODS
A. Study area
The research was carried out within Bapatla district, located in the southern Indian state of Andhra Pradesh. Positioned along the eastern coastline of India, Bapatla is situated on the Bay of Bengal at approximately 15.90 degrees North latitude and 80.470 degrees East longitude. This region features a flat landscape with only a few meters of elevation above sea level, experiencing a tropical climate marked by warm and humid summers alongside milder winters. The district's average maximum and minimum temperatures stand at 32.3°C and 18.5°C, respectively, and it witnesses a normal annual rainfall of 925.3 mm. Renowned for its agricultural significance, Bapatla is recognized for rice cultivation and the production of crops such as pulses, cotton, and tobacco. The district's soils are notably fertile, classified primarily as black cotton soil, sandy loamy, and red loamy. In the district, approximately 70% of the area comprises black cotton soil, with the remaining 30% characterized by sandy loamy soil. Bapatla enjoys well-established transportation connections, facilitated by the presence of the Chennai-Kolkata railway line and National Highway 16 (NH 16), enabling efficient travel to neighboring cities and states. The geographical location of the study area is illustrated in Figure 1.
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Fig 1 Location map of Study area
B. Future Climate data generator
MarkSim serves as a software solution aimed at producing daily weather data through the utilization of a stochastic weather generator. This application employs a third-order Markov process to replicate daily weather patterns and has been fine-tuned using an extensive dataset obtained from over 9200 global weather stations. To organize this dataset, a clustering algorithm grouped the stations into 664 clusters, each holding distinct rainfall model parameters derived from monthly averages of key metrics such as rainfall, air temperature, diurnal temperature range, elevation, and latitude. Employing interpolated climate surfaces with a resolution of 10 minutes of arc (approximately 18 km), the software effectively pinpoints the pertinent cluster for a given location, consequently assessing and adapting the model parameters accordingly. Within the scope of this study, MarkSim was employed to generate detailed daily weather data files for the execution of DSSAT crop models. Within MarkSim's 17 available models, two were meticulously chosen to project forthcoming climate conditions, as per the reference provided by Jones et al. in 2000.
HadGEM2-ES stands as an advanced coupled model, merging Atmosphere-Ocean General Circulation Model (AOGCM) capabilities with high-resolution attributes within both atmospheric and oceanic aspects. The atmospheric dimension boasts N96 resolution (1.875 × 1.25 degrees), comprising 38 vertical levels, while the oceanic sector follows a resolution of 10 degrees (progressing to 1/30 degrees at the equator) with 40 vertical levels. Particularly notable is HadGEM2-ES's incorporation of interactive land and ocean carbon cycles, thereby accommodating dynamic representations of vegetation. It offers the valuable option to prescribe either atmospheric CO2 concentrations or anthropogenic CO2 emissions, consequently enabling the simulation of CO2 concentrations. Additionally, the model introduces an interactive tropospheric chemistry scheme, facilitating the simulation of atmospheric composition evolution and intricate interactions involving atmospheric aerosols. These intrinsic attributes position HadGEM2-ES as a comprehensive and potent instrument for investigating climate mechanisms and the Earth's multifaceted reactions to diverse compelling factors.
The ESM, referred to as "MIROC-ESM," originates from the global climate model MIROC (Model for Interdisciplinary Research on Climate). This variant, known as MIROC-ESM (MIROC-ESMCHEM), is developed from a version that doesn't include the coupled atmospheric chemistry component. It is valuable to assess the influence of interactions between chemistry and climate within the transient climate system.
Climate models are employed to project potential future shifts in climate conditions based on specific scenarios. These models are executed multiple times using diverse future condition scenarios, encompassing factors like population levels and anticipated emissions of carbon dioxide (CO2) or other greenhouse gases. Each Global Climate Model (GCM) possesses unique characteristics and sensitivity to greenhouse gas emissions. The collective range of these models is pivotal for researchers as it offers insight into the uncertainty surrounding potential future outcomes within a given scenario and timeframe. To encompass this diversity and leverage the array of projections, ensembles of multiple simulations from global climate models are commonly utilized. CMIP5, denoting the Coupled Model Intercomparison Project Phase 5, represents the fifth stage of a collaborative global initiative aimed at comparing and assessing climate models. Coordinated by the World Climate Research Programme (WCRP), CMIP5 involves numerous international climate modeling centers. Within the CMIP5 simulations, four future scenarios known as "Representative Concentration Pathways" (RCPs) are included. These scenarios stem from the work of four integrated assessment models (IAMs) and are chosen from a pool of over 300 published greenhouse gas emission scenarios derived from socio-economic and energy-system modeling. These RCPs are designated based on their approximate global radiative forcing levels for 2100, with RCP 8.5 indicating a stabilization phase after 2150, RCP 4.5 and RCP 6 signifying different points of progression, and RCP 3-PD reflecting a "Peak and Decline" pattern of maximal forcing levels. Among the four available scenarios, this study focuses on two for climate projection: RCP 4.5 and RCP 8.5.
Weather data has been generated from MarkSim DSSAT weather generator. Data from 2010-2090 was generated for future projection and data from 2010-2021 for comparison of projected and observed data. For generation of future weather data, latitude and longitude of Bapatla district has been entered. Screenshot depicting the location, model selection and replication selection for generating future climate data is shown in Fig 2.  
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Fig 2 Entering data in the MarkSim DSSAT weather generator
As above mentioned, 2 climate forecast models have been selected from the drop window. The input details have to be entered like location, and models. Two models mainly HADGEM2-ES and MIROC-ESM were identified with scenario 4.5 and 8.5 to generate the future climatic data. The model was run with 50 replications to minimise the errors in simulation. After entering the input details run the model and then click on download CXL file.
The future rainfall maximum temperature and minimum temperature and radiation were generated, and the screenshot displaying the data is shown in Fig 3. The future climate data was generated from 2010 to 2090 using the weather generator and from 2010-2021 for comparison of projected and observed data.
[image: ]
Fig 3. Generation of weather data in MarkSim DSSAT weather generator
C. Observed weather data
For the comparison of future projected data and observed data, observed data from 2010-2021 was collected from weather station Dr. NTR College of Agricultural Engineering, Bapatla. Observed data from 2010-2021 is shown in Table 1.


                                                                   Table 1. Observed Weather parameters 
	Year
	Temperature
	
Rainfall(mm)

	
	Maximum
	Minimum
	

	2010
	28.90
	18.90
	2254.80

	2011
	30.86
	18.83
	838.70

	2012
	30.20
	19.17
	1153.10

	2013
	29.95
	17.92
	1676.20

	2014
	30.00
	18.10
	878.10

	2015
	30.47
	18.80
	1050.20

	2016
	30.68
	18.51
	1200.80

	2017
	30.52
	17.65
	856.20

	2018
	34.42
	23.14
	701.00

	2019
	34.45
	23.76
	716.60

	2020
	33.93
	23.49
	903.70

	2021
	34.00
	23.49
	1035.90



III. RESULTS AND DISCUSSIONS
A. Generation of future Rainfall data for Bapatla district  
MarkSim tool was utilized to project changes in future precipitation data. The climate models, namely HadGEM2-ES and MIROC-ESM with 2 RCP scenarios i.e., RCP 4.5 and RCP 8.5 were used to generate future climate data from 2010-2090.  

Fig 4. The variability of projected average annual rainfall from 2010-2090 in HadGEM2-ES and MIROC-ESM in both 4.5 and 8.5 RCP scenarios
The average annual rainfall projection for the period 2010-2090 from different climate with RCP scenario 4.5 and 8.5. from the graph (Fig 4) it can be observed that the rainfall trend is increasing from 2010-2090 with minimum rainfall in the year 2010 and maximum in the year 2090 for all the scenarios and models. In both HadGEM2-ES and MIROC-ESM models with RCP 8.5 rainfall is
increasing drastically compared to 4.5 RCP scenario for the same models where rainfall is gradually increasing and also low rainfall compared to RCP 8.5 scenario. 
Similar trend was also observed from previous studies (Thoeun H C 2015, Krishnan et al (2020), Tyagi et al (2022), Kamruzzaman et al (2023) where at the end of century there is highest rainfall.

B. Generation of future temperature (Maximum & Minimum) data for Bapatla district
The projected maximum and minimum temperature for future is shown in Fig 5.a &b respectively for all the selected climate models with RCP 4.5 and 8.5. Figures show the temperature for moderate emission scenario (RCP 4.5) and high emission scenario (RCP 8.5) from 2010-2090, as time passes the maximum temperature is projected to rise by 1°C to more than 3°C, whereas the minimum temperature is projected to rise by 1°C to more than 4°C. As per the analysis the minimum temperature is increasing drastically compared to maximum temperature for both models and scenarios the same trend was also reported by Kamruzzaman et al (2023). For the period 2010-2090 the maximum warming is projected to be from 32.98°C to 35.58°C for RCP 4.5 and from 33.12°C to 36.84°C for RCP 8.5 in HadGEM2-ES, and from 32.12°C to 34.12°C for RCP 4.5 and minimum warming is projected to be from 24.32°C to 26.53°C for RCP 4.5 and 24.43°C to 28.58°C for RCP 8.5 in HadGEM2-ES model whereas in MIROC-ESM it is projected to be from 24.39°C to 25.75°C for RCP 4.5 and from 24.37°C to 26.89°C for RCP 8.5 scenario. Both maximum and Minimum temperature generated in HadGEM2-ES for RCP 8.5 is in increasing trend, the potential consequences could pose a significant threat to the entire region.
It strongly agrees with the report submitted by Krishnan et al (2020). Under the RCP8.5 scenario, it is projected that by the end of the twenty-first century, temperatures will increase by around 4.7°C to 5.5°C compared to the average temperatures during the recent past (1976–2005). Tyagi et al (2022) and Krishnan et al (2020) also reported that under RCP 4.5 scenario increase mean temperature is projected to be by 2.1- 4.8°C and under worst case that RCP 8.5 it is projected to be increase by 3.1-5.8°C at the end of 21 century.

Fig 5. The variability of average annual (a)Maximum and (b)Minimum temperatures from 2010-2090 in HadGEM2-ES and MIROC-ESM for both 4.5 and 8.5 RCP scenarios

C. Comparison of observed and projected mean monthly climate data 
For the validation of data obtained from both the climate models, observed data from 2010-2021 was compared with model data, various statistical analysis was also done. Results obtained from statistical analysis is presented in below (Table 2).  Trend analysis and comparison of both data is graphically represented below (Fig 6.a-c). 
From the analysis it was observed that there has been an increasing trend in monthly rainfall from January to September and then decreasing trend up to December in both climate models and observed data (Fig 6.a) the results align with earlier research that has similarly forecasted a rise in rainfall during monsoon periods and a decline in winter precipitation (Kwon and Sung, 2019). All the scenarios show increase in precipitation, smallest increase in precipitation is shown by MIROC-ESM 4.5 with lowest R2 about 0.77 and R as 0.88, and the error in prediction was MAE 35.66 mm and RMSE 49.74 mm the highest correlation and lowest error was observed for MIROC-ESM 8.5 (Table 2).  All the scenarios underestimated the precipitation during rainy season.
The comparison of mean monthly observed maximum and minimum air temperatures for the period 2010-2021 with the maximum and minimum temperatures from HadGEM2-ES and MIROC-ESM for Bapatla region indicated that maximum and minimum temperature were high in summer for both predicted and observed data. From the analysis it can be revealed that models underestimated the temperature data. The maximum temperature was in the range 30.5-38.13°C (Fig 6.b) and minimum temperature was 18-27.9°C (Fig 6.c)  Similar trend and results were observed from the previous findings (Thoeun H C 2015.) that a comparison of observed maximum and minimum air temperatures from 1985 to 2008 with the annual maximum and minimum temperatures projected by climate models showed that the maximum temperature range was between 31.5°C and 36.1°C, while the minimum temperature range was between 21.5°C and 26.3°C. 
Observed maximum temperature data was more than the predicted data 2-3°C whereas minimum temperature was 1-1.2 °C higher. Statistical results confirms that the MAE and RMSE are in the range 3-3.3°C for maximum temperature and for minimum temperature they are in the range 1-1.2°C (Table 2).
Table 2. Statistical results obtained from the comparison of predicted and observed data for the period 2010-2021
	Statistical
Parameters
	Maximum temperature °C
	Minimum temperature °C
	Rainfall (mm)

	
	 HadGEM2-ES
	MIROC-ESM 
	HadGEM2-ES
	MIROC-ESM 
	HadGEM2-ES
	MIROC-ESM 

	
	RCP 4.5
	RCP 8.5
	RCP 4.5
	RCP 8.5
	RCP 4.5
	RCP 8.5
	RCP 4.5
	RCP 8.5
	RCP 
4.5
	RCP 
8.5
	RCP 
4.5
	RCP
 8.5

	R2
	0.97
	0.96
	0.97
	0.97
	0.96
	0.96
	0.97
	0.97
	0.84
	0.84
	0.77
	0.88

	R
	0.98
	0.98
	0.99
	0.99
	0.98
	0.98
	0.98
	0.99
	0.91
	0.92
	0.88
	0.94

	MAE
	3.19
	3.06
	3.11
	3.22
	1.03
	0.97
	1.04
	1.05
	32.20
	32.05
	35.66
	29.29

	RMSE
	3.26
	3.14
	3.16
	3.28
	1.19
	1.10
	1.17
	1.19
	47.58
	47.26
	49.74
	41.99




 
Fig 6. Mean monthly projected and observed climate data for selected climate models with RCP scenario 4.5 and 8.5 (a)Rainfall, (b)Maximum temperature and (c)Minimum temperature

IV. CONCLUSION
Projections of climate data for period 2010 to 2090 from two climate models with selected RCP scenarios showed an increasing trend in average rainfall, maximum temperature and minimum temperature in all the cases. At the end of the twenty-first century i.e., 2090 all the projected climate data reaches the extreme end in RCP 8.5 scenario for both models. The projected results obtained from RCP 8.5 scenario in both GCMs for all the climate parameters agrees with the observed data, this can be considered valid projection models for future. Comparison of observed and predicted data for the period 2010-2021 reveals that RCP 8.5 is having highest correlation lowest error in prediction and there is 2-3°C bias in the model in temperature prediction and also underestimated the precipitation, it should be corrected before prediction.
The ongoing human-induced climate change is projected to persist throughout the twenty-first century. To enhance the precision of future climate projections, especially when considering regional forecasts, it is crucial to adopt strategic methods aimed at advancing our understanding of Earth system processes. Additionally, continuous efforts to improve observation systems and climate models are essential for refining our predictions and addressing the challenges posed by climate change effectively. climate projections from GCMs are indispensable tools for understanding the potential trajectory of earth’s climate. They help the society to prepare for a changing climate, foster sustainable development, and inform actions aimed at safeguarding the environment and future generations and also helps in policy making and implementation related to adoption and mitigation in interest of a larger society.
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(a)

HadGEM2-ES	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	32.975000000000001	33.241	33.566000000000003	33.924999999999997	34.258000000000003	34.591000000000001	34.832999999999998	35.08	35.58	HadGEM2-ES	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	33.107999999999997	33.375	33.691000000000003	34.125	34.6	35.116	35.683	36.265999999999998	36.841000000000001	MIROC-ESM 	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	33.119999999999997	33.25	33.4	33.54	33.683999999999997	33.840000000000003	33.950000000000003	34.024999999999999	34.116700000000002	MIROC-ESM 	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	32.975000000000001	33.133000000000003	33.325000000000003	33.582999999999998	33.85	34.15	34.466000000000001	34.799999999999997	35.133000000000003	
Maximum temperature(°C)




(b)

HadGEM2-ES	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	24.32	24.616	24.966000000000001	25.35	25.7	26.033000000000001	26.283000000000001	26.457999999999998	26.533000000000001	HadGEM2-ES	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	24.440999999999999	24.783000000000001	25.175000000000001	25.640999999999998	26.166	26.716000000000001	27.332999999999998	27.95	28.582999999999998	MIROC-ESM 	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	24.425000000000001	24.59	24.8	24.99	25.184000000000001	25.341000000000001	25.515999999999998	25.608000000000001	25.75	MIROC-ESM 	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	24.366	24.55	24.8	25.082999999999998	25.416	25.741	26.116	26.507999999999999	26.890999999999998	
Minimum temperature(°C)




HadGEM2-ES_4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	2.5916666666666668	3.6	4.6749999999999998	7.0583333333333336	45.666666666666664	72.316666666666663	113.63333333333334	148.56666666666669	155.89166666666665	192.31666666666669	66.724999999999994	12.299999999999999	HadGEM2-ES_8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	3.3083333333333336	5.2416666666666698	4.4249999999999998	8.06666666666667	46.274999999999999	68.833333333333343	115.39999999999999	149.20833333333334	154.1	193.05000000000004	70.25	10.858333333333334	MIROC-ESM_4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	9.3166666666666664	6.39	8.5083333333333293	10.5166666666666	55.75	117.20833333333331	115.05	175.6	145.09166666666667	178.52500000000001	49.058333333333337	14.341666666666669	MIROC-ESM _8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	12.283333333333331	8.57	11.5833333333333	14.841666666666599	44.883333333333333	95.058333333333337	111.48333333333333	165.92500000000001	167.05833333333334	172.74166666666667	88.808333333333323	23.425000000000001	Observed Data	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	6.3833333333333329	9.9509166666666662	9.6258333333333006	14.32775	44.920833333333327	75.047499999999985	198.36875000000001	221.12083333333337	257.0891666666667	159.98416666666668	122.62	11.9875825	
Rainfal(mm)




HadGEM-ES_4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	26.833333333333332	28.691666666666666	30.799999999999997	32.816666666666663	35.499999999999993	34.566666666666663	31.141666666666669	30.558333333333334	30.191666666666674	29.158333333333335	27.599999999999998	26.3	HadGEM-ES_8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	26.966666666666669	28.708333333333332	30.858333333333331	32.80833333333333	35.375	34.891666666666673	31.541666666666671	30.816666666666663	30.283333333333331	29.200000000000003	27.758333333333329	26.474999999999998	MIROC-ESM _4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	26.875	28.775000000000002	30.883333333333329	32.758333333333333	35.608333333333327	34.258333333333326	31.166666666666668	30.61666666666666	30.516666666666669	29.108333333333338	27.75833333333334	26.758333333333336	MIROC-ESM _8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	26.716666666666665	28.574999999999999	30.558333333333334	32.608333333333334	35.524999999999999	34.31666666666667	31.074999999999992	30.61666666666666	30.508333333333336	28.983333333333331	27.55	26.683333333333326	Observed data	30.457166666666666	31.638250000000003	33.784399999999998	35.379416666666664	38.137166666666666	36.105500000000006	34.433750000000003	33.782250000000005	33.843916666666665	33.242750000000001	31.176416666666672	30.414416666666668	
Maximum temperature(°C)




HadGEM-ES_4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	18.091666666666672	19.299999999999997	21.683333333333326	24.308333333333334	25.975000000000005	26.191666666666666	24.324999999999999	24.05	23.916666666666668	23.016666666666666	20.158333333333331	18.033333333333335	HadGEM2-ES_8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	18.349999999999998	19.316666666666666	21.583333333333332	24.233333333333334	25.975000000000005	26.383333333333336	24.591666666666669	24.250000000000004	24.100000000000005	23.166666666666671	20.450000000000003	18.3	MIROC-ESM_4.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	18.3	19.400000000000002	21.533333333333331	24.216666666666669	26.158333333333331	25.933333333333334	24.291666666666668	24.150000000000002	23.983333333333331	22.875	20.308333333333334	18.474999999999998	MIROC-ESM _8.5	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	18.233333333333334	19.274999999999999	21.425000000000001	24.175000000000001	26.108333333333334	25.916666666666668	24.216666666666669	24.108333333333338	24.008333333333329	22.833333333333332	20.375000000000004	18.466666666666665	Observed data	jan	feb	mar	apr	may	jun	jul	aug	sep	oct	nov	dec	18.00525	18.767750000000003	22.336749999999999	25.946416666666668	27.786416666666668	26.24291666666667	26.030833333333334	25.414416666666668	25.25108333333333	23.97966666666667	21.686916666666665	18.777083333333334	
Minimum temperature(°C)




HadGEM2-ES	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	745	748.66	747.90000000000009	744.5	740.34	737.25	737.33	743	755.67	HadGEM2-ES	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	748.5	747.83	750	757.16	772.16	792.41	814.57999999999993	831	832.75	MIROC-ESM 	4.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	749.75	818.66	895	971.1	1038.4000000000001	1093.7	1136.5999999999999	1163.9000000000001	1170.1669999999999	MIROC-ESM 	8.5	2010	2020	2030	2040	2050	2060	2070	2080	2090	781.5	838	896.66	958.08	1019.83	1082	1148	1229.83	1341.6599999999999	
Rainfal(mm)
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