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ABSTRACT
This study uses a WRF model to simulate the climate for 2000-2008 and the future climate change for
2051-2059 over the North China Plain under A2, A1B, and B1 emission scenarios. To validate the
accuracy of a WRF simulation, the global land data assimilation system (GLDAS) data are introduced
in this paper. Considering the effectiveness of GLDAS data first is necessary because these data are
the products generated by employing satellite and ground-based observational data. The observations
of 49 weather stations (MET) over the North China Plain are selected. The spatial-temporal characteristics
of temperature and precipitation of GLDAS are highly consistent with those of the MET. A comparison
of temperature and precipitation between that of WRF and GLDAS shows that the temperature
generated by WRF is overestimated, but the precipitation rate it obtains is consistent with that of
GLDAS (R = 0.94). The temperature obtained by WRF that is corrected by a bias correction technique,
which is based on the cumulative distribution function, has a high correlation with that of GLDAS. The
results of this study can be used to learn the influence of climate change on agriculture and water
resources by deriving a crop model and a hydrological model on a regional scale. Results show that
the mean temperature will increase by 0.21°C, 1.20°C and 1.55°C; the daily maximum temperature by
0.74°C, 1.76°C and 2.20°C; and the daily minimum temperature by -0.41°C, 0.52°C and 0.79°C under B1,
A1B and A2, respectively. On the other hand, to a certain extent, precipitation will decrease by 6.1%,
13.7% and 7.8% under B1, A1B and A2 in the future.
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INTRODUCTION

The effects of anthropogenic global warming on regional
agriculture and water resources have become an important
issue in the past few years (Gregory et al. 2005, Fuhrer et al.
2006). The reliability of results on the relationship between
agriculture and climate change depends crucially on high-
quality projections of a climate model (Schmidhuber et al.
2007). Therefore, developing climate data with fine resolu-
tion is necessary. Recently, a number of works have investi-
gated the application of regional climate models combined
with general circulation model (GCM) to research the pos-
sible effects of climate change on a regional scale.

In general, global climate models (GCMs), which uti-
lize both global atmospheric and oceanic circulation mod-
els, run at coarse resolution and are widely applied on a
global scale to predict global climate change (Knight et al.
2004, Naylor et al. 2007, Randall et al. 2007). The Fourth
Assessment Report of the Intergovernmental Panel on Cli-
mate Change (IPCC) reveals that temperature may increase
by approximately 1.4°C-6.4°C, 1.1 °C-2.9°C, 2.0°C-5.4°C
and 1.4°C-3.8°C under A1, B1, A2 and B2 at the end of this
century under future emission scenarios based on the out-

puts from GCMs. The warming trend in some regions may
be more serious than that at the global level. Accurate pre-
diction at fine spatial resolution is crucial to create an effec-
tive knowledge database for addressing regional and local
problems and for studying extreme weather and unusual
weather patterns on the regional scale (Kueppers et al. 2005,
Pierce et al. 2009). To understand and investigate regional
climate change, accurate simulations of future climate char-
acteristics using different regional climate models, such as
CSIRO CCAM (Nguyen & McGregor 2009), RegCM (Torma
et al. 2009), RCM (Kay et al. 2006), WRF model (Zhang et
al. 2009), are important.

Intensive studies on the bias correction methodology of
climate model results have been conducted to realistically
represent future climate changes (Christensen et al. 2008,
Piani et al. 2009). Simulations of general and regional cli-
mate models cannot be directly used in ecological models
without prior bias correction because of the uncertainty and
inaccuracy of such climate models ( Sharma et al. 2007).

The aim of the present study is to examine the climate
change over the North China Plain by focusing mainly on
the changes in temperature and precipitation. We use the
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outputs of the WRF model for 2000-2008 and in future A2,
A1B and B1 climate change scenarios for 2051-2059. The
performance of the WRF model is evaluated using GLDAS
data, and bias correction is performed on the WRF results
based on the statistical distribution. The difference between
the corrected and original temperatures is analysed.

METHODOLOGY

Study area: The North China Plain is the second largest
plain and is situated on the lower reaches of the Yellow
River (31°24’N, 110°18’E-42°42’N, 122°42’E) (Fig. 1).
Spreading over an area of approximately 300,000 km2, this
region covers Hebei, Shandong, Henan, Anhui, Jiangsu,
Beijing and Tianjin. The region has a warm and semi-hu-
mid continental monsoon climate, with an annual mean tem-
perature of 8°C-15°C and an annual precipitation of 600-
800 mm. In summer, which consists of hot and wet weather,
the maximum temperature during the hottest month (July)
is 28°C. In winter, when the weather is cold and dry, the
minimum temperature in the area is -6°C-0°C during the
coldest month (January).

WRF model: The advanced research WRF (ARW) modeling
system used in this study has desirable characteristics; it is
designed to be highly modular and can maintain a single
source code that can be configured for both research and
operations (http://wrf-model.org/index.php). Furthermore,
the ARW modeling system is suitable for application in
idealized simulations, parameterization research, data as-
similation research, forecast research and real-time NWP,
and coupled-model applications (Stensrud et al. 2009). In
recent studies, the predictive capability of WRF with im-
proved accuracy has been demonstrated by several scien-
tists (Davis et al. 2008, Nicole & Gerhard 2010).

In the present study, the WRF model domain was set up
over the North China Plain with the time step of 1800 s and
a horizontal resolution of 30 km × 30 km. The initial data
for 2000-2008 were from the NCEP/NCAR Global
Reanalysis Project (ds090.0) (http:// dss.ucar.edu /datasets
/ds090.0 /data /pgbf00-grb2d), with a 2.5° resolution and a
time step of 6 h. Given the necessity of SST data when run-
ning long simulations and the benefit of updating SST dur-
ing a model run, the global SST data with a 0.5° resolution
were selected (ftp: // polar.ncep.noaa.gov /pub /history /sst
(historic 0.5 degree data - only GRIB1)). The drive data in
future scenarios under A2, A1B, and B1 for 2051-2059 were
generated based on the CCSM simulation results (http://
www.ccsm.ucar.edu/) with a 2.5° resolution and a time step
of 6 h (Mo et al. 2013).

Global land data assimilation system (GLDAS): GLDAS
data are generated by employing satellite and ground-based

observational data products, advanced land surface
modeling, and data assimilation techniques (Rodell et al.
2004). GLDAS can supply the optimal fields of land surface
states and fluxes and can be downloaded from the website
(http://ldas.gsfc.nasa.gov). In this study, monthly Noah data
from 2001 to 2008 over North China Plain with a spatial
resolution of 0.25° × 0.25° were used to validate the per-
formance of the WRF simulations.

First, we considered whether GLDAS data could accu-
rately describe the weather condition in the North China
Plain. The weather data of 49 meteorological stations from
2001 to 2008 were selected to validate the GLDAS data
(Fig. 1). Daily observed meteorological data (MET) of the
selected 49 meteorological stations were supplied by the
China Meteorological Administration.

Bias correction: Bias correction based on the statistic tech-
nique was applied in this study (Feddersen & Andersen
2005). In general, the distribution of temperature with time
follows the normal distribution. At first, the correction rela-
tionship that depends on the quantile is generated by match-
ing the cumulative density function (CDF) of simulations
with that of the observation. The correction function is then
used to unbias the temperature from the present climate con-
dition and the future climate scenario quantile by quantile.

On the basis of the method detailed above, we sepa-
rately corrected the temperature simulated by the WRF in
the present (T

HIS
) and future scenarios under A2, A1B, and

B1 (T
A2

, T
A1B

, T
B1

). The temperature data of different sea-
sons must be pre-processed with the normalization method
(mean = 0, standard error = 1) before the probability distri-

Fig. 1: The distribution of 49 weather stations and the location of
North China Plain.
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bution could be calculated as T
GNORM 

(GLDAS normalized
temperature), T

HISNORM
,
 
T

A2NORM
, T

A1BNORM
, and T

B1NORM
. The

nine-year average daily temperature was used to obtain the
functions of the CDF, while that of WRF in different years
could be derived from this CDF. In this paper, the probabil-
ity of the WRF temperature on some days was assumed to be
similar to that of the GLDAS temperature. Thus, the tem-
perature on some days could be corrected by using the
GLDAS temperature with the condition that the same prob-
ability and formulas are used as follows:

GHISGNORMHISCOR TTT  

GAGAGNORMCORA TTTTT  222 

Here, HISCORT and CORAT 2  are the corrected temperature for
HIS and A2. HIS and 2A are the standard deviations of HIS
and A2. T

GNORM
 is the annual mean normalized temperature.

Temperature correction was applied independently for
four seasons [March-May (MAM), June-August (JJA), Sep-
tember-November (SON), and December-February (DJF)],
because the temperature bias between WRF and GLDAS
depends on the change of seasons. To show the difference

between the CDFs of GLDAS and of WRF, the domain center
grid was taken as an example. The CDFs of temperature in
four seasons of GLDAS and WRF are shown in Fig. 2. The
figure shows significant differences in different seasons. The
largest difference of CDF between GLDAS and WRF occurs
in summer (JJA). However, the differences in autumn and in
winter were smaller. The CDFs of temperature under the B1,
A1B, and A2 emission scenarios had similar variation trends
with time to those under the current climate (2000-2008).
However, obvious warming trends in summer and winter
were observed.

RESULTS AND DISCUSSION

Validation of GLDAS with MET: To evaluate the perform-
ance of GLDAS data, the temporal and spatial patterns of
MET data obtained from 49 weather stations were applied.
Statistical analysis showed that the annual mean tempera-
ture and annual precipitation (287.00±1.50 K and
695.1±181.0 mm respectively) of the 49 MET stations were
consistent with those of GLDAS (287.23±1.42 K and
684.1±203.9 mm respectively). To provide the details, the
region was divided into three parts from north to south with
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Fig. 2: The CDFs of daily temperature of GLDAS and WRF in the domain center (16, 14) in different seasons
under current, B1, A1B and A2.
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the same latitude intervals. In the northern part, the tem-
perature of GLDAS (285.86±1.07 K) was near to that of MET
(286.38±0.68 K), but the precipitation of GLDAS
(494.0±128.7 mm) was about 10.8% lower than that of MET
(553.5±102.8 mm). In the middle part, the temperature of
GLDAS (286.93±1.07 K) was also close to that of MET
(286.57±1.77 K), and the precipitation of GLDAS
(639.5±124.3 mm) presented the same trend as that in the
North, but the recorded precipitation was approximately
9.5% lower than that of MET (707.0±178.5 mm). In the southern
part, the temperatures obtained by GLDAS (288.66±0.56 K)
and MET (288.43±0.44 K) were similar, but the precipitation
recorded by GLDAS (885.3±148.6 mm) was obviously higher
than that of MET (850.2±121.7 mm) by approximately 4.1%.
The findings showed no obvious difference in temperature
and precipitation between GLDAS and MET for the entire
region, but a variation in precipitation in different parts was
exhibited.

The changes in monthly mean temperature and precipita-
tion with time were analysed to further reflect the character-
istics of climate seasonal change (Fig. 3). The GLDAS data
had higher correlation with the MET data (the temperature
and precipitation were 0.998 and 0.992 respectively).
Furthermore, the spatial distributions of temperature and
precipitation of GLDAS were similar to those of MET. A

considerable increase in temperature and precipitation of
both GLDAS and MET occurred from northwest to south-
east (Fig. 4). Many similarities exist between the GLDAS
data and MET data, not only in temporal variation but also
in spatial distribution. Therefore, GLDAS data over the North
China Plain have high creditability and can be used to evalu-
ate the WRF simulations as the observation data.

Comparison of GLDAS and WRF: A synthetic view of the
performance of WRF simulation compared with GLDAS is
shown in Fig. 5. The temperature bias is the difference
between WRF and GLDAS, and the precipitation bias is the
change percent of WRF relative to that of GLDAS. The tem-
poral variation of temperature bias is evident and has a similar
trend with the seasonal change of temperature. The most
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Fig. 3: The temporal characters of monthly mean temperature and
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Fig. 4: Spatial distributions of annual mean temperature (K) (top)
and annual precipitation (mm) (below) for GLDAS and MET.
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important bias is obtained in summer (approximately 3.4°C),
with a general overestimation of WRF temperature compared
with the GLDAS observation. In winter, the temperature bias
is smallest and changes around 0°C. For precipitation, the
temporal change of precipitation bias is opposite to that of
temperature and a larger decrease in precipitation occurs in
winter than in summer. The underestimation of WRF
precipitation in winter may be caused by the extremely small
simulations of the WRF model. High variations of the
precipitation bias between WRF and GLDAS in different
years over the period 2001-2008 are observed.

The difference analysis between the corrected and original
temperature: Large biases of WRF temperature were found
by comparing the temperature and precipitation between
GLDAS and WRF. Thus, correcting the simulation results of
WRF was necessary. Fig. 6 illustrates the temperature
variation of history condition (HIS) and corrected value in
history (HISCOR) with time (Mo et al. 2013). As shown in the
figure, the temporal change of corrected temperature has a
commonality with that of GLDAS, being obviously lower
than before without bias correction in summer. For spatial
distribution, the correlation between corrected daily tem-
perature (HISCOR) and GLDAS is also very high, which is
close to 1:1 line. Before correction, the WRF temperature
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showed the overestimation when temperature was greater
than 285 K.

With the domain center as an example, Fig. 7 presents
the variation characters of temperature before and after cor-
rection in different seasons with time under current scenario
and A2. The corrected temperature in the current scenario
not only keeps the similar average level with GLDAS data,
but also maintains the daily variability of WRF simulation.
In summer in particular, the corrected temperature is less
than that without bias correction. Under the A2 climate sce-
nario, the corrected temperature in summer is also less than
before, but that in winter is slightly higher than before.

CONCLUSIONS

The WRF model was used to explore the temporal and spa-
tial pattern of current climate and possible future climate
change over the North China Plain. The present climate
over the period 2000-2008 and the A2, A1B, and B1 future
climate scenarios over the period 2051-2059 were simu-
lated by the WRF model initialized by the NCEP data and
the CCSM global climate model projected data.

The result of the comparison between WRF and GLDAS
demonstrates that the temperature obtained by WRF was
overestimated relative to the observation, particularly in
summer, but the precipitation obtained by WRF was similar
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Fig. 7: The temporal variations of daily temperature of GLDAS, HISCOR and A2COR in the domain center (16, 14) for different seasons.
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to that of GLDAS. Bias correction method was applied to
solve the bias problem, which was based on the cumulative
PDF of WRF simulation, that is the same as that of GLDAS
observation.

For the North China Plain, an overall increase in mean
temperature of 0.21°C, 1.20°C, and 1.55°C; daily maximum
temperature of 0.74°C, 1.76°C, and 2.20°C; and daily mini-
mum temperature of -0.41°C, 0.52°C, and 0.79°C under B1,
A1B, and A2 future climate scenarios relative to the present
were predicted. The annual mean precipitation in the future
presented a significantly decreasing trend, and the precipi-
tation was predicted to decrease by 6.1%, 13.7%, and 7.8 %
under B1, A1B, and A2.

This work illustrated the possible climate change over
the North China Plain. As revealed by this study, future
climate change in the area will be significant, and studying
such change is necessary to mitigate its effects on the eco-
logical functions of the region. The simulations performed
in this study can be used to derive a crop model, a hydro-
logical model, and an ecological model to study the effects
of climate change on agriculture.
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