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Abstract
Diurnal temperature range (DTR) is an important meteorological component affecting the yield and
protein content of winter wheat. The accuracy of climate model simulations of DTR will directly affect the
prediction of winter wheat yield and quality. Previous model evaluations for worldwide or nationwide
cannot answer which model is suitable for the estimation of winter wheat yield. We evaluated the ability
of the coupled model intercomparison project phase 6 (CMIP6) models to simulate DTR in the winter
wheat growing regions of China using CN05 observations. The root mean square error (RMSE) and the
interannual varibility skill score (IVS) were used to quantitatively evaluate the ability of models in
simulating DTR spatial and temporal characteristics, and the comprehensive rating index (CRI) was used
to determine the most suitable climate model for winter wheat. The results showed that the CMIP6 model
can reproduce DTR in winter wheat growing regions. BCC-CSM2-MR simulations of DTR in the winter
wheat growing season were more consistent with observations. EC-Earth3-Veg simulated the
climatological DTR best in the wheat growing regions (RMSE=0.848). Meanwhile, the evaluation for
climatological DTR in China is not applicable to the evaluation of DTR in winter wheat growing regions,
and the evaluation for annual DTR is not a substitute for the evaluation for winter wheat growing season
DTR. Our study highlights the importance of evaluating winter wheat growing regions' DTR, which can
further improve the ability of CMIP6 models simulating DTR to serve the research of climate change
impact on winter wheat yield.

1 Introduction
Winter wheat is widely grown in China ( Cao et al., 2011; Song and Dong, 2006) and is one of the major
food sources for humans. The changes in winter wheat yield and quality are related to the food security
of human society. The yield and protein content of wheat is known to be in�uenced by the environment
and other factors (Rao et al., 1993; Baenziger et al., 1985; Vaughan et al., 1990; Smika and Greb, 1973;
Tao et al.,2010). Temperature is a major factor affecting crop growth and production (Lobell et al., 2008;
Schlenker et al., 2009). The optimum temperature required for different fertility stages of the crop is not
consistent, so the air temperature can affect the crop positively or negatively (Baker et al.,1993). In the
past 20-30 years, the effects of temperature rise on crop yield and phenology have been observed in the
United States and Germany (Chmielewski et al., 2004; Lobell and Asner, 2003). It was also observed in
China that the warming trend shifted crop phenology and impacted crop yields (Tao et al., 2006; Lobell et
al., 2011). In addition, precipitation and other meteorological components can also affect the growth and
yield of winter wheat. Water is essential for the survival and growth of winter wheat, if the water supply is
insu�cient, it will affect the physiological functions of winter wheat, which will lead to changes in its
phenology and yield (Viala et al., 2008). The impact of precipitation on modern agriculture has been
greatly reduced with the progress of farming technology and social development. Therefore, at the current
level of technology, air temperature is one of the main meteorological components that affect the growth
and development of winter wheat.
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The quality and yield of winter wheat are in�uenced by the diurnal temperature range (DTR). DTR is one
of the most important agro-meteorological variables in agricultural production. DTR is an important
factor affecting the yield and protein content of winter wheat (Wang et al., 1990). To quantitatively
assess the impact of climate change on wheat yield and quality, scholars have conducted a considerable
number of experiments (Aronson et al., 2009; Ortiz et al.,2008). However, previous studies have focused
on the effects of air temperature and extreme weather events on winter wheat yield, and only a few
studies paid attention to DTR (Tian et al.,2014). It is reported that changes in daily maximum temperature
and minimum temperature may have different in�uences on crops (Dhakhwa et al.,1998; Tubiello et al.,
2002), lower daily minimum temperature helps to improve crop quality. DTR is an important factor
affecting the yield and protein content of winter wheat (Wang et al., 1990). Jiang (2013) indicated that a
decrease in DTR in spring and summer was bene�cial for crop yield increase, while an increase in DTR in
fall was bene�cial. There are still some major uncertainties in wheat production under future climates due
to the uncertainty of future changes in DTR.

There are still large uncertainties in the simulation of DTR by climate models. The assessment results for
air temperature cannot replace the assessment for DTR. The Coupled Model Intercomparison Project
Phase 6 (CMIP6) is the latest experiment in simulating global climate through climate models. It brings
together the world's best models and conducts the most colorful experiments with comprehensive
coverage of the world and long-time series. The latest studies have analyzed and evaluated model
simulations for a wide range of climate variables. According to previous studies, climate models have
reasonable con�dence in the simulation of global surface air temperature (SAT), climate extremes,
atmospheric circulation, and other elements (Zhou et al., 2006; Lorenz R et al., 2014; Sillmann J et al.
2013a, 2013b; Zhou et al. 2014; Chen and Sun, 2015; Gao et al., 2021). The IPCC Fifth Assessment Report
(2013) indicated that the CMIP5 model can well reproduce the large-scale surface temperature patterns,
but that in many regions there are large uncertainties in the trends and possible interpretations of DTR
(Christy J R, et al., 2006; Fall et al., 2011; Zhou and Ren, 2011). Lewis and Karoly (2013) evaluated the
DTR simulated by 27 CMIP5 climate models in four land surface regions (North America, Europe, mid-
latitude Asia, and Australia) and pointed out that the DTR has decreased in the past 50 years, and the
changes simulated by these models are smaller than those observed. Lindvall and Svensson (2015)
evaluated the simulation ability of 20 CMIP5 models in simulating the terrestrial DTR of recent and future
projections using HadGHCND and CRU and found that the DTR varies considerably between CMIP5
models and that the DTR is often underestimated. This uncertainty creates a great deal of confusion in
applying the results of climate models to assess the extent to which crops are exposed to climate
change. In summary, although the CMIP6 model already has a good simulation capability for air
temperature and precipitation, the simulation capability for important agrometeorological elements such
as DTR still needs to be improved.

Considerable studies have been conducted by scholars to quantitatively assess the simulation of key
meteorological elements by climate models (Slafer et al., 1995; Larmure et al., 2005). However, few have
evaluated climate models simulations for DTR. The spatial scales of previous assessments have focused
on worldwide or nationwide (Wang et al., 2020), and only a few studies have been conducted on the scale
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of crop-growing regions. Meanwhile, previous assessments mainly evaluated the ability to simulate the
interannual variability of meteorological components on the time scale (Lewis et al., 2013), and only a
few studies were conducted within the growth period of crops. As a largely agricultural country, China
should be more concerned about the impact of climate change on crops. Therefore, the more important
question for our scholars is: How well do climate models simulate meteorological elements in crop
production areas in China? Which models are applicable to the study of crops? Until now, few have
quantitatively evaluated the ability of the CMIP6 climate model to simulate DTR in winter wheat growing
areas in China. Therefore, we quantitatively evaluated the ability of the CMIP6 model to simulate the
spatial and temporal characteristics of DTR in winter wheat growing regions in China from multiple
perspectives and selected the most suitable model to simulate winter wheat DTR. It helps to further
improve the ability of global climate models to simulate DTR in winter wheat growing areas in China, to
serve the research of climate change impact on winter wheat yield and quality.

2. Data And Methods
2.1 CMIP6 Model outputs

CMIP6 takes into account the effects of external forcing, including natural factors and human activities,
over time in the simulation of historical periods. Global near-surface maximum air temperature and
minimum air temperature data simulated by twenty-six CMIP6 models from 1961 to 2014 were retrieved
from the CMIP6 website (https://esgf-node.llnl.gov/search/cmip6). The model data used in this study
were the simulated results of the near-surface maximum air temperature (Tasmax) and near-surface
minimum air temperature (Tasmin) simulated by 26 CMIP6 models to calculate the DTR. Table 1 shows
the information of each model.
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No. Model name Institution (Country) Resolution

1 ACCESS-CM2 CSIRO-ARCCSS (Australia) 1.875°×1.25°

2 ACCESS-ESM1-5 CSIRO (Australia) 1.875°×1.24°

3 AWI-CM-1-1-MR AWI (Germany) 0.9375°×0.9375°

4 AWI-ESM-1-1-LR AWI (Germany) 1.875°×1.875°

5 BCC-CSM2-MR BCC (China) 1.125°×1.125°

6 BCC-ESM1 BCC (China) 2.8125×2.8125

7 CanESM5                 CCCma (Canada) 2.8125°×2.8125°

8 EC-Earth3 EC (Sweden) 0.703°×0.703°

9 EC-Earth3-Veg EC (Sweden) 0.703°×0.703°

10 EC-Earth3-Veg-LR EC (Sweden) 1.125°×1.125°

11 FGOALS-f3-L CAS (China) 1.25°×1.25°

12 FGOALS-g3 CAS (China) 2.0°×2.0°

13 GFDL-CM4 NOAA-GFDL (America) 1.25°×1.25°

14 GFDL-ESM4 NOAA-GFDL (America) 1.25°×1.0°

15 GISS-E2-1-G NASA-GISS (America) 2.5°×2.0°

16 INM-CM4-8 INM (Russia) 2.0°×1.5°

17 INM-CM5-0 INM (Russia) 2.0°×1.6°

18 IPSL-CM6A-LR IPSL (France) 2.5°×1.25°

19 KIOST-ESM KIOST (Korea) 1.875°×1.875°

20 MIROC6 MIROC (Japan) 1.40625°×1.40625°

21 MPI-ESM-1-2-HAM MIROC (Germany) 1.975°×1.975°

22 MPI-ESM1-2-HR MPI-M (Germany) 0.9375°×0.9376°

23 MPI-ESM1-2-LR MPI-M (Germany) 1.875°×1.875°

24 MRI-ESM2-0 MRI (Japan) 1.125°×1.126°

25 NorESM2-MM NCC (Norway) 1.25°×0.9375°

26 NESM3 NUIST (China) 1.875°×1.875°

Table 1.   Information of CMIP6 models.

2.2 Observation data
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To evaluate the simulated results of the CMIP6 models, the daily maximum and minimum temperature
data of the China high-resolution dataset CN05.1 released by the Open Laboratory for Climate Research
of China Meteorological Administration (Wu et al., 2013) were used as observational data in this study.
The available starting and ending times of these data are 1961-2018, with a high spatial resolution of
0.5°×0.5°. This dataset has a long period and high spatial resolution. The generation process of this
dataset only used the actual observational data of observation stations for statistical interpolation,
covering the entire land area of China (Taiwan province is missing statistical data). Compared with the
reanalysis data, the CN05.1 data have greater reliability.

The data of all models were interpolated uniformly to a 0.5°×0.5° grid using the bilinear interpolation
method. Due to the different periods of the model data and observational data, only China's land area
was considered in this study, and the study period from 1961 to 2014 was 54 years in total.

2.3 Methods

To facilitate the analysis, a bilinear interpolation method was adopted to interpolate the model data
uniformly to the same resolution, corresponding to the grid positions and resolutions of the observed
datasets.

According to the Atlas of Fine Agricultural Climatic Resources in China (Mao et al., 2018) and Harvested
Area and Yield for 175 Crops (Monferda et al.,2008), the main growing regions of winter wheat in China
were selected as the study regions and extracted from the above grid points. All assessments were
conducted on these grid points.

According to the research of Wu (2020) and combined with the distribution of winter wheat-growing
regions, China was divided into eight subregions in this study. The regional divisions in China are shown
in Figure 1.

2.3.1 Evaluation of climatological DTR

The historical simulation experiments in CMIP6 were conducted from 1850 to 2014, while different future
scenarios were divided from 2015 onwards. The period from 1995-2014 can better represent the current
climate state and help us understand the simulation capability of the CMIP6 model for the current climate
state. Therefore, the climatology from 1995-2014 was selected to evaluate the simulation ability of
CMIP6 models to the spatial distribution of the DTR in winter wheat-growing regions in China.

2.3.2 Evaluation of DTR in the winter wheat-growing season

The research results of Wang (2020) indicated that the reviving and maturity periods of winter wheat in
northern China mainly occur from March to June. In this study, March to June of the current year was
selected as the winter wheat-growing season. 54 years of data from 1961 to 2014 were selected for
analysis in this study. The annual mean DTR and the winter wheat growing season mean DTR simulated
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by CMIP6 models in winter wheat growing regions were calculated and compared. The Interannual
varibility skill scores (IVS) were calculated for each model.

2.3.3 Multimodel ensemble method

It was revealed in previous studies that the multimodel ensemble mean usually shows higher reliability to
reproduce the present Chinese climate relative to an individual model (Jiang et al., 2005, 2009). Therefore,
the multimodel arithmetic mean ensemble with the same weights (MME) was used in this study as the
multipattern ensemble method.

2.3.5 Performance Metrics 

In the evaluation of the CMIP6 model's simulation capability to DTR in winter wheat-growing regions in
China, the following indexes were used.

To further evaluate the overall skills of the CMIP6 model for DTR simulation in China's winter wheat-
growing regions, root mean square error (RMSE) was used. RMSE is:

Where Mi and Oi are the simulated value and the observation of the ith grid, respectively. N is the grid
number. The RMSE is bigger than 0. When RMSE is 0, it indicates that the pattern matches the
observation perfectly; the smaller RMSE indicates the pattern has better performance.

The Interannual varibility skill score (IVS) is used to quantitatively express the ability of models in
simulating the interannual variability. IVS is:

where σm and σo denotes the interannual standard deviation of simulated variables and observed
variables. The IVS value is equal to 0 when σm is indentical to σm and the closer the IVS value is to 0, the
greater skill in simulating the interannual variability.

To evaluate the ability of models to simulate both climatic state DTR and interannual variability, this
study comprehensively ranks the simulation ability of each CMIP6 model based on RMSE and IVS. The
Comprehensive Rating Index (CRI) enables e�cient ranking of model simulation values (Jiang et al.,
2015). CRI is:
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where n is the number of evaluation indicators, m is the number of models, and ranki is the ranking of the
ith indicator of the model. The closer the CRI value is to 1, the better the model simulation is.

3 Results
3.1 Evaluation of climatological DTR

The CMIP6 models can reproduce the spatial characteristics of climatological DTR in winter wheat
growing regions(Figure 2): The DTR increased gradually from low to high latitudes and ranged from 8°C
to 12°C in winter wheat growing regions. The DTR gradually increased from coastal to inland regions,
with higher DTR in NEC and TP than in other regions.

When comparing with observations, the multimodel ensemble data are approximately 3°C lower than the
observations nationwide and 6°C lower in NEC. In addition, the DTR in CY is 2°C higher than the
observation.

EC-Earth3-Veg has the best simulation ability among 26 CMIP6 models for simulating the climatological
DTR both in China (RMSE=1.388) and winter wheat-growing regions (RMSE=1.018). DTR simulated by
MME was not as good as EC-Earth3-Veg both in China and in the wheat growing regions. The same
conclusions can be drawn across the country. The simulation of EC-Earth3-veg is relatively small in SWC
compared to the observation, while in other regions they are approximately 1°C higher. It shared the same
characteristics in China, but in NEC, the simulation was about 3°C lower, and the deviations were more
than 5°C in some areas.

There was geographical variability in the distribution of standard deviations among models. (Figure 3).
The mean SD within winter wheat growing regions is 2.33, and in China, the SD is 2.72. The consistency
within winter wheat growing regions is higher than that in China. The SD of simulations in NEC and TP
are about 4°C higher than the other regions, and there are signi�cant differences between models. The SD
of the simulated results in Xinjiang is slightly higher, and CMIP6 models have signi�cant differences in
this region. It indicates that CMIP6 models have good simulation capability in eastern China. In NEC and
TP, there are great differences between the simulated results of different models. It indicated that CMIP6
models are still de�cient in their ability to simulate the climatological DTR in TP, which is consistent with
CMIP5. Improving the model to make the simulation more reliable has become a new challenge for model
developers.

We evaluated each region and calculated the RMSE for each model separately, the evaluation results are
presented in Figure 4 to show the comprehensive performance of the model more visually.

In general, the CMIP6 model can reproduce the spatial distribution of climatological DTR (Fig. 4), and
most of the models had RMSEs less than 2. CMIP6 model performed better in simulating DTR in winter
wheat growing regions than that in China (RMSEG was smaller than RMSEN). EC-Earth3-Veg had better
simulation effects for both nationwide (RMSE=1.388) and growing regions (RMSE=1.018) relative to the
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other models, and the MME showed the same characteristics. However, the difference between MME
(RMSE=1.28) and observation was slightly greater than that of EC-Earth3-Veg. There were large
differences in model performance across regions: for different regions, EC-Earth3-Veg had the smallest
RMSE and the highest ranking in NC, SWC, and CY, which is consistent with the results of the nationwide
and winter wheat growing regions evaluations. However, the simulation ability of EC-Earth3-Veg was not
the best in JH and SWC. This suggests that even the model with the best performance among the 26
models may not have the best performance in all regions. The results show that the CMIP6 model has
better simulations in JH (mean RMSE = 0.780) and NC (RMSE = 1.022); the simulations in NWC (RMSE =
1.78) are more different from observations.

3.2 Evaluation of DTR in the winter wheat-growing season

According to the observations, the growing season DTR in wheat growing regions shows a decreasing
trend at a rate of -0.080°C/10a (Figure 5). The same trend is observed for the annual DTR, with the
decreasing rate of -0.108°C/10a. The annual DTR showed a greater rate of decline relative to the winter
wheat growing regions. CMIP6 models can better simulate these trends (Figure 6): among 26 CMIP6
models, GISS-E2-1-G had the best simulations for the annual DTR trend (-0.110°C/10a); BCC-CSM2-MR
performed best in winter wheat growing regions (-0.083°C/10a). The MME can simulate these trends with
slower rates. 

In general, CMIP6 models were able to simulate the interannual variation of annual DTR and growing
season mean DTR in winter wheat growing regions. Most of the CMIP6 models had IVSs less than 0.9.
The CMIP6 model simulated the winter wheat growing season DTR signi�cantly different from the
simulation of the annual DTR, and some models simulated the annual DTR better than the simulation of
the growing season DTR. Similarly, it has been reported that CMIP5 simulated interannual variability of
annual air temperature better than monthly and seasonal temperature. It is worth noting that models with
good simulations of annual DTR were slightly inferior in simulating growing-season mean DTR, while
models with good simulations of growing-season mean DTR showed unsatisfactory simulations for
interannual variation of annual DTR (Figure 7). The model with a good simulation of annual DTR does
not imply a good simulation of the winter wheat growing season; therefore, targeted evaluation for the
winter wheat growing season becomes essential. BCC-CSM2-MR had the best ability to simulate DTR for
the winter wheat growing season, and it was more suitable for studies targeting the winter wheat growing
season compared with the interannual variation. The performance of the CMIP6 model varies greatly
across regions (Figure 7). The MME was more suitable for the simulation of annual DTR.

3.3 Overall model ordering

To comprehensively evaluate the ability of each model simulating the spatial and temporal
characteristics of DTR in winter wheat growing regions, the CRI was used to evaluate each model in this
study. According to Table 2, EC-Earth3-Veg-LR had the best simulation of DTR in winter wheat growing
regions (CRI=0.85), which is more suitable for the simulation of DTR in winter wheat growing regions in
China.
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Table 2.  CRI of CMIP6 models.

Model name CRI Model name CRI

ACCESS-CM2 0.60  GFDL-ESM4 0.63 

ACCESS-ESM1-5 0.48  GISS-E2-1-G 0.62 

AWI-CM-1-1-MR 0.56  INM-CM4-8 0.71 

AWI-ESM-1-1-LR 0.38  INM-CM5-0 0.62 

BCC-CSM2-MR 0.58  IPSL-CM6A-LR 0.25 

BCC-ESM1 0.46  KIOST-ESM 0.19 

CanESM5 0.33  MIROC6 0.33 

EC-Earth3 0.79  MPI-ESM-1-2-HAM 0.31 

EC-Earth3-Veg 0.81  MPI-ESM1-2-HR 0.46 

EC-Earth3-Veg-LR 0.85  MPI-ESM1-2-LR 0.63 

FGOALS-f3-L 0.13  MRI-ESM2-0 0.44 

FGOALS-g3 0.08  NorESM2-MM 0.19 

GFDL-CM4 0.56  NESM3 0.52 

4 Discussion
There are uncertainties in the simulation of DTR by climate models. To explore the applicability of the
CMIP6 model to crop research, we evaluated the ability of the CMIP6 model to simulate DTR in winter
wheat growing regions in China. The results show that consistent with CMIP5 (Lindvall and Svensson,
2015), CMIP6 can reproduce the spatial distribution of climatological DTR. The CMIP6 model had
signi�cant differences in simulating DTR in western China and had the same characteristics as other
meteorological components (Guo et al., 2013; Zhou and Yu, 2006; Xu and Xu, 2012), which might be
related to the complex topography of NWC (Hu et al., 2014). The CMIP6 model simulated the
climatological DTR of winter wheat growing regions better than that of DTR in China, but there were
differences in the rankings between models. In winter wheat growing regions, both annual DTR and
growing season mean DTR showed slow decreasing trends. The decreasing DTR trend has been
universally observed since the 1950s (Karl et al., 1993; Easterling et al., 1997; You et al., 2017; Wang and
Clow, 2020). The CMIP6 model simulates the annual DTR better than the growing season DTR, and the
same characteristics can be found in the simulations of meteorological components such as temperature
and precipitation (Xia et al., 2015; Kamworapan, S., & Surussavadee, 2019). This difference makes it
critical and essential to perform the targeted model evaluation of the winter wheat growing season.
Although a considerable number of studies have been conducted to assess the simulation capability of
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climate models for key meteorological components. However, the spatial scales of previous assessments
have been mainly for worldwide or nationwide. Only a few studies have been conducted for crop-growing
regions. Meanwhile, few studies were conducted within the crop growing season. Our study evaluated the
model's ability to simulate climatological DTR for winter wheat growing regions and China, as well as the
ability to simulate growing season DTR versus annual DTR, and found large differences in model
performance. When estimating future climate impacts on winter wheat, using inappropriate climate
model data would greatly reduce the credibility of the study results. Therefore, climate model evaluation
for winter wheat can make essential contributions to the accurate estimation of future changes in winter
wheat yield and quality.

This study only evaluates the DTR of the winter wheat growing area in China, and the ability of the
climate model to simulate other climate components in the winter wheat growing area in China needs to
be further evaluated. Meanwhile, the scope of our study is limited in China, and the simulation capability
of the climate model in other regions and globally needs to be further evaluated.

5 Conclusions
The ability of the CMIP6 model to simulate the spatial and temporal characteristics of DTR in winter
wheat growing regions can be understood by evaluating the simulations of the CMIP6 model. Our study
provides a better de�nition of the scope for model evaluations of winter wheat by using actual winter
wheat growing regions. Therefore, more targeted results can be obtained when quantitatively evaluating
the ability of climate models to simulate key agrometeorological components. In this study, the
performance of CMIP6 models in reproducing the DTR in winter wheat-growing regions in China was
analyzed by comparing model simulations with observations. The CMIP6 model can reproduce the
spatial and temporal distribution characteristics of DTR in winter wheat growing regions in China, but
there are discrepancies in performance between models. The main conclusions are summarized as
follows:

(1) CMIP6 models can generally reproduce the spatial distribution and interannual variation of DTR in
winter wheat growing regions. The CMIP6 model can simulate the DTR of winter wheat growing regions
better than that in China (RMSEG was smaller than RMSEN). 

(2) The evaluation for China cannot replace the evaluation for winter wheat growing regions, and it does
not imply that the results of model evaluation within China are fully applicable to winter wheat growing
regions. Compared with other models, EC-Earth3-Veg had the best simulation ability for climatic state
DTR in winter wheat growing regions; meanwhile, EC-Earth3-Veg performed better in the winter wheat
growing regions than that in China.

(3) The evaluation of annual DTR cannot replace the evaluation of winter wheat growing season DTR,
and the model with a good simulation of annual DTR does not indicate that the results are suitable for
the simulation of winter wheat growing season DTR. BCC-CSM2-MR has the best performance in
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simulating the DTR of the winter wheat growing season and it is more suitable for winter wheat seasonal
studies.

(4) The evaluation of the CMIP6 model's comprehensive ability to simulate DTR in winter wheat growing
regions showed that EC-Earth3-Veg-LR is more suitable for simulating DTR in winter wheat growing
regions (CRI=0.85) than other models.

In summary, when studying the relationship between climate and crops, attention should be paid to the
selection of models most suitable for the study of the crop growing season and growing regions of the
crops under study, rather than simply selecting climate models with good simulation effects throughout
the country or the year.
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Figures

Figure 1

The regional divisions in China (Subregion 1: Northeast China (NEC), Subregion 2: North China (NC),
Subregion 3: Jianghuai (JH), Subregion 4: South China (SC), Subregion 5: Southwest China (SWC),
Subregion 6: Chuanyu (CY), Subregion 7: Northwest China (NWC), and Subregion 8: Tibetan Plateau
(TP)).
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Figure 2

Observation and simulated results of the DTR spatial distribution of climatology during 1995-2014 in
China (the left column displays simulated results of DTR in winter wheat-growing regions; the right
column shows the national results); (a) and (b) are the models with the highest TS scores. Observation
(c) and (d) multimodel ensemble data are shown in (e)~(f).
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Figure 3

Standard deviations (SD) between CMIP6 models in winter wheat-growing regions (a) and nationwide (b).
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Figure 4

RMSEs of climatological DTR simulated by CMIP6 models in each subregion in China. Each column
represents a subregion, and each row represents a CMIP6 model.

Figure 5

Growing season DTR (°C) time series simulated by CMIP6 models nationwide (a) and in winter wheat-
growing regions (b) in China showing patterns of �uctuations that re�ect annually varying correlations of
DTR in China. Shading indicates the range of simulations.
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Figure 6

Winter wheat-growing season DTR trends simulated by CMIP6 models and observations. The red lines
are the median of model-simulated trends, grey dots are the results of CMIP6 models. These red, blue,
and green dots represent the results of CN05.1 and MME, respectively.
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Figure 7

IVS scores of the annual growing season and annual DTR simulated by CMIP6 models in each subregion
in China. Each column represents a subregion, and each row represents a CMIP6 model.
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