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A STUDY ON THE PREDICT ABILITY OF GRAPES MODEL OVER SOUTH
CHINA: COMPARISONS BY TWO INITIALIZATION CONDITIONS

BETWEEN ECMWF AND NCEP
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Abstract: This paper aims to assess the performances of different model initialization conditions (ICs) and lateral
boundary conditions between two global models (GMs), i. e., the European Centre for Medium-Range Weather
Forecasts (ECMWF) and National Centers for Environmental Prediction (NCEP), on the accuracy of the Global /
Regional Assimilation and Prediction System (GRAPES) forecasts for south China. A total of 3-month simulations
during the rainy season were examined and a specific case of torrential rain over Guangdong Province was verified.
Both ICs exhibited cold biases over south China, as well as a strong dry bias over the Pearl River Delta (PRD). In
particular, the ICs from the ECMWF had a stronger cold bias over the PRD region and a more detailed structure than
NCEP. In general, the NCEP provided a realistic surface temperature compared to the ECMWF over south China.
Moreover, GRAPES initialized by the NCEP had better simulations of both location and intensity of precipitation
than by the ECWMF. The results presented in this paper could be used as a general guideline to the operational
numerical weather prediction that uses regional models driven by the GMs.
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1 INTRODUCTION

With the development of numerical weather
prediction (NWP) models and enhancement of
computing ability, global forecast systems (GFS)
provide more and more precise forecasts at a finer
resolution. Besides, global models (GMs) provide the
meso-scale models with initialization conditions (IC)
and lateral boundary conditions (LBCs). Currently, two
GFS models, i. e., the European Centre for Medium-
Range Weather Forecasts (ECMWF) and National
Centers for Environmental Prediction (NCEP), are
comprehensively used as the IC in most operational
NWP meso-scale models, e. g., the nonhydrostatic fifth-
generation Pennsylvania State University-NCAR
Mesoscale Model (MM5) model (Amengual et al.[1]), the
Advanced Regional Prediction System (ARPS) (Xue et
al.[2]), the Weather Research and Forecasting Model
(WRF) (Skamarock et al.[3]) and the Global / Regional

Assimilation and Prediction System (GRAPES) model
(Chen et al. [4]; Zhong et al.[5-6]).

The inaccuracy of model dynamics, physics and
errors generated by data assimilation methods could
reduce the forecast abilities of these meso-scale models.
Besides, errors in GFS models could also degrade the
forecast skill of the NWP models, e. g., regional model
which obtain IC and lateral boundary conditions (LBCs)
from global model (Kumar et al.[7]). Therefore, it is
necessary to evaluate the performances of GFS model
on driving the operational meso-scale model. Newman
et al. [8] compared the NCEP, NASA and ECMWF over
the tropical west Pacific warm pool, and it was found
that the ECMWF was the best among the three with
observations in this region. Buizza et al. [9] summarized
the methodologies used in the ECMWF, NCEP and the
meteorological service of Canada (MSC) to conduct a 3-
month simulation of the effect of IC uncertainties in
ensemble forecasting. Duan et al. [10] evaluated the
performances of ensemble prediction systems (EPSs)
from the China Meteorological Administration (CMA),
ECMWF, NCEP, and the Japan Meteorological Agency
(JMA). Their results both indicated that the ECMWF
ensemble forecast system had the best overall
performances.

A few studies compared the performances of
different IC from GFS models on the meso-scale NWP
model forecasts. Amengual et al. [1] compared the
performances of NCEP and ECMWF initialization on
the simulation of a flash-flood episode by MM5 model.
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Kumar et al. [7, 11] examined the impacts of ECMWF,
NCEP and National Centre for Medium Range Weather
Forecasting (NCMRWF) on the WRF model forecast
over the Indian Region. Their results demonstrated that
forecasts initialized from the ECMWF analysis were
closer to Atmospheric Infrared Sounder (AIRS) retrieved
profiles and in-situ observations compared to analysis
from other global models. Zhong et al. [5] examined the
performances of GRAPES on the simulations of the 20
July 2016 flash-flood episode over south China. The
results showed that GRAPES failed to predict the
extreme precipitation and had a systematic cold bias
over the Guangdong and Guangxi (thereafter LG)
regions.

The GFS model by NCEP forecasts are currently in
use as IC for some of the regional NWP centers in
CMA, e. g., the Shanghai Meteorological Center. The
Guangzhou Regional Meteorological Center substituted
the NCEP-GFS forecasts by ECMWF forecasts as the IC
for GRAPES model since 2017. In this paper, the
performances of these two GFS models on deriving the
GRAPES model are evaluated, especially over the LG
during the annually first rainy season. This study
assesses the performances by using different ICs of
ECMWF and NCEP on GRAPES simulations of surface
temperature, wind, precipitation, and water vapor.
Questions that motivate the study include the following:

(1) What are the limitations of using the NCEP and
ECMWF as the ICs in the simulation for south China
during the annually first rainy season?

(2) What are performances of the GRAPES model
on the simulations over south China by using different
IC and LBCs from NCEP and ECMWF forecasts?

(3) What are biases of GRAPES model on the
simulation in the annually first rainy season? Are these
biases from similar errors by the ICs?

The paper is organized as follows. Section 2
introduces details of the model setup and observational
data used in this study. Section 3 examines the
prediction skill of surface elements by different ICs of
ECMWF and NCEP in a 3-month simulation. Section 4
evaluates the prediction and verification of a particular
case in the LG regions during the annually first rainy
season. Conclusions and discussions are given in section
5.

2 DATA AND MODEL

2.1 Experimental design
To assess GRAPES simulations over south China

by using different ICs of ECMWF and NCEP, we
evaluate the performances of these two GFS models on
deriving the GRAPES model during the annually first
rainy season. The GFS forecasts of ECMWF with
horizontal resolution of 0.1° × 0.1° are obtained for the
meso-scale model initialization. The vertical layer
consists of 17 vertical pressure levels in the ECMWF
model analysis. The GFS forecasts of NCEP are used in

this study with horizontal resolution of 0.5° × 0.5° at the
same vertical pressure layers and forecast intervals. The
initial time of the experiment is 1200 UTC from April to
June 2018, and the analyses data of GMs refers to the
original data at initial time in this study.

The observations obtained in this study are the
hourly automatic meteorological observations from
April to June 2018 over south China. The surface
meteorological variables include surface temperature,
winds, relative humidity, surface pressure and
precipitation amount at 1-h intervals. The specific
humidity in this study is calculated by using the hourly
surface observation at each station

Qv = Cr∙rh∙ es
Ps - 0.378*es （1）

where Cr is a constant (6.22∙10-3), Ps, rh and es
represent surface pressure, relative humidity and
saturated vapor pressure, respectively.
2.2 GRAPES model

The model used in this study is an operational
model over south China based on GRAPES. The
simulation domain comprises 913 × 513 grid points with
horizontal resolution of 0.03° × 0.03° , and 65 layers in
the vertical direction. The model consists of serval
separated model physic process including planetary
boundary layer (PBL) parameterization schemes (Hong
and Pan [12]; Hong and Dudhia [13]), gravity wave drag
induced by sub-grid orography (GWDO, Zhong and
Chen [14]), sub-grid orographic parameterization scheme
(Zhong et al.[6]), a simplified land surface model based
on SLAB (SMS), the Rapid Radiative Transfer Model
(RRTM, Verlinden and Szoeke [15]) and the Rapid
Radiative Transfer Model for global climate models
(RRTMG, Mukkavilli [16]).

3 MONTHLY VERIFICATIONS

3.1 Verifications of GFS analysis
In this section, both the ICs from GFS data of

ECMWF and NCEP are verified by using a 3-month
observation and a day-by-day simulation from April to
June 2018. Fig. 1 shows the mean surface temperature
and specific humidity by ECMWF and NCEP and
observations over south China. It can be seen that the
surface temperature of both GMs show a decreasing
trend from the South China Sea (SCS) to the inland, and
both GMs data capture a relative warm background in
the LG regions than in other areas. The ECMWF
provides a more detailed representation of surface
temperature than NCEP. For example, it captures the low
temperature over the mountainous regions, e.g., the Lian
Hua Mountains (LHMs) and the Yun Kai Mountains
(YKMs) in Guangdong Province. However, the
initialization from NCEP has a warmer environment
than that from the ECMWF in the coastal areas. In
particular, the surface temperature is much higher than
that by the ECMWF over the Pearl River Delta (PRD).
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The overall temperature over the PRD is higher than 25
degree by NCEP, while the ECMWF shows a lower
temperature over this region. Moreover, the surface
temperature from the GMs of NCEP is also higher than
that from the GMs of ECMWF over south Guangxi
(GX) Region.

It also can be seen that the specific humidity of
both GMs data shows a similar characteristic over south
China, and its distribution is consistent with the surface
temperature and local topographic characteristics. For
example, the high specific humidity is consistent with
the low temperature, especially over the mountainous
regions. Both ICs show a decreasing trend from the SCS
to the inland with three lower water vapor centers over
Jiangxi (JX) and Hunan (HN) Provinces and the PRD
regions. However, the NCEP initialization provides a
dryer environment than ECMWF does over south China,
especially over the PRD regions. The general surface
specific humidity over the LG is about 15 g kg-1 by
NCEP, while that by the ECMWF reaches about 16-17
g kg-1 over this region. The ECMWF shows an
overestimation of the water vapor over south China,
while the NCEP presents a more consistent distributions
of the water vapor over south China. Both ICs
underestimate the high coverage of water vapor over the
PRD regions. The observations show a high water vapor
center over this region, while the ICs present an opposite
low water vapor center over the PRD.

Note that warm and wet background is favorable
for the formation of precipitation, which may cause
extreme precipitation over this region, e.g., the extreme
precipitation over Zengcheng district of Guangzhou on 7
May 2017. The 3-h accumulated rainfall in Xintang
Town of Zengcheng reaches 382.6 mm, breaking the
historical maximum of 3-h accumulated rainfall in
Guangdong Province. However, none of the NWP
models could predict this extreme precipitation, and both
the GFS models show an underestimation of the surface
temperature at about 3-4 degree over this region. As
shown in Fig. 2, the surface temperature given by both
ICs of NCEP and ECMWF generally show extreme cold
biases over south China, especially over the PRD region.
It reaches more than 30℃ in observations whereas it is
less than 23℃ in the ICs. The vertical profile of
temperature by both GMs, however, exhibits no
significant bias in Hong Kong (Fig. 3), which is located
over the south of the PRD regions.

Surface specific humidity over the PRD regions
exhibits a low value center with less than 14 g kg-1 by
both GMs, while the observations show an opposite
distribution which reaches more than 20 g kg-1 in the
high value center. The dry biases by the GMs could also
be seen from the vertical profile at Hong Kong stations
(Fig. 3), which the dry biases both reach about 1.2 g kg-1

at 850 hPa and 1.7 g kg-1 at 1000 hPa, respectively.

Figure 1. (a, c) Mean surface temperature (units: °C) and (b, d) surface specific humidity (units: g kg-1). The shaded and dashed line
in (a) and (b) denote initial conditions from ECMWF and NCEP, respectively. The color dots represent surface observations.
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3.2 Comparisons of the simulations by GRAPES model
In this section, the sensitive experiments of

GRAPES initialized by ECMWF (GRAPES_EC) and
NCEP (GRAPES_NC) are conducted to further discuss
the impacts of the ICs and LBCs from GMs on
operational NWP forecasts. The experiments are
initialized at 1200 UTC for day-by-day simulations from
April to June 2018. Fig. 4 gives the comparisons of the
24-h simulation of surface temperature and specific
humidity between two experiments. Simulations of both

experiments are approximately consistent with
observations (Fig. 1). In particular, GRAPES_EC has a
warmer forecast of surface temperature than
GRAPES_NC, which is about 1℃ difference over most
of areas in south China between the two experiments.
Besides, the simulations show that GRAPES_NC has
less specific humidity than GRAPES_EC does. Both
simulations show a more consistent distribution of
surface temperature and humidity with observations than
the initializations by ECMWF and NCEP.

Figure 3. Comparisons of vertical profile of (a) temperature (units: ° C) and (b) specific humidity (units: g kg-1) at Hong Kong
between observation (black line) and the initial conditions from ECMWF (red line) and NCEP (blue line).

Figure 2. The same as Fig.1, but for 1200 UTC 7 May 2017.
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Figure 5 gives the simulations of 24-h accumulated
precipitation by GRAPES_EC and GRAPES_NC.
GRAPES generally captures the precipitation over south
China. However, GRAPES_NC exhibits more consistent
simulations with the observations than GRAPES_EC.
For example, the simulations by GRAPES_NC has a
better forecast accuracy in terms of the intensity and
location of the precipitation compared to the
observation, especially the strong rainfall center over the

PRD region. The simulations of GRAPES_EC, however,
are too far north over the coastal regions of Guangdong
Province, and also overestimate the precipitation over
the north of GX region. It should be noted that GRAPES
has missed the strong precipitation over the LHMs and
south coastal areas of GX region in both experiments, as
it is often caused by local orographic effects and NWP
model often fail to represent it realistically.

Figure 4. (a) Mean daily surface temperature (units: ° C) and (b) specific humidity (units: g kg-1) by the 24-h simulation of
GRAPES_EC (shaded) and GRAPES_NC (contour).

Figure 5. Mean daily accumulated precipitation (units: mm) by (a) the 24-h simulation of GRAPES_EC (shaded) and GRAPES_NC
(contour) and (b) observations. The blue rectangle denotes the verification areas.

3.3 Hourly verifications of GRAPES model with surface
observations

To further examine the impacts of the
initializations from the GMs, we conducted hourly
verifications of the simulation of GRAPES initialized by
the ICs from ECMWF and NCEP with surface
observations. The verification areas are mainly
comprised of Guangdong and Guangxi regions.
Verifications are conducted by calculating the root-mean-
square error (RMSE) and bias between forecasts and
observations, and the mathematical calculation equations
are as follows:

RMSE = é
ë
ê

ù
û
ú

1
N∑( FC - OB )2

1
2

（2）

OVbias = 1N∑( FC - OB ),   ( FC > OB ) （3）

UNbias = 1N∑( FC - OB ),   ( FC < OB ) （4）

where FC is forecast, OB is the observation and N is the
number of stations in the verification region. OVbias and

UNbias are the average biases by overestimation and
underestimation, respectively.

Figure 6 shows the comparisons of 3-month
averaged surface temperature between observations and
simulation, as well as the comparisons of the average
RMSE and bias between GRAPES_EC and
GRAPES_NC. In general, GRAPES model can predict
the diurnal variations of the surface temperature. It
generally underestimate the surface temperature over
south China. Both experiments exhibit the largest
surface-temperature underestimation in the initialization,
which are gradually alleviated within 12-h simulation,
accompanying with an increasing RMSE by 12-h to 18-h
simulation from morning to the noon growth by both
experiments. Besides, GRAPS_NC shows smaller biases
of surface temperature than GRAPES_EC does. Both
experiments show significant reduction of stations by
underestimation and overestimation of surface
temperature after 12-h simulation, which might be
caused by solar heating in the morning.
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4 ILLUSTRATION OF TWO ICS DATA FOR
THE TORRENTIAL RAINS STUDY

This section illustrates the south China
precipitation case study initialized at 1200 UTC 18 April
2019 to examine performances of the IC and LBCs by
different GMs on GRAPES simulation. The experiments
are initialized by the two GMs as shown in the seasonal
verification. Shown in Fig. 7 are the differences of

surface temperature, surface specific humidity and
surface water vapor flux between the initialization of the
NCEP and ECMWF. It can be seen that the NCEP has a
warmer surface temperature over most of south China,
especially over the PRD region and east of Guangdong.
Note also that the NCEP has more surface specific
humidity over these regions than the ECMWF.
Therefore, the NCEP provides a warmer and wetter
background over south China than the ECMWF does.

Figure 6. (a) Comparisons of hourly RMSE and mean surface temperature between observations and simulations by GRAPES_EC
and GRAPES_NC. (b) Comparisons of hourly biases between OVbias and UNbias(black lines), and summation of the stations by
overestimation (blue dotted line) (red solid line).

Figure 7. (a) The differences of surface temperature (shaded, units: °C) and specific humidity (contour, units: g kg-1) between the
initializations of NCEP and ECMWF; (b) 3-h average differences of surface winds and water vapor flux before the occurrence of the
torrential rain (shaded, units: 105g m-1 s-1). The red dot denotes the sounding location of Qing Yuan.
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The differences of surface winds and water vapor
flux confirm the stronger moisture convergence by
GRAPES_NC (Fig. 7b), which provides a favorable
environment for the convections. The 12-h simulation of
sounding of Qing Yuan also shows that GRAPES_NC
provides a more humid environment under 600 hPa than
GRAPES_EC does, which exhibits a stronger dry bias
especially at 850 hPa (Fig. 8).

Shown in Fig. 9 are the comparisons of simulation
and observation of the 24-h accumulated precipitation
over south China. GRAPES could predict the strong

precipitation over the middle of Guangdong. However,
GRAPES_NC provides a more realistic simulation of
the precipitation location, whereas the simulation of
precipitation location by GRAPES_EC is too north. The
verifications show that GRAPES could predict the
diurnal variations of the surface temperature (not
shown), while both GRAPES_NC and GRAPES_EC
underestimate the surface temperature during the
nighttime and early morning. Furthermore,
GRAPES_NC provides a better simulation of the surface
temperature than GRAPES_EC.

Figure 8. 12-h simulation of sounding of Qing Yuan by (a) GRAPES_NC and (b) GRAPES_EC and (c) observation.

Figure 9. The 24-h accumulated precipitation (shaded, units: mm) by the simulations of (a) GRAPES_NC and (b) the corresponding
observations at 1200 UTC 19 April 2019 over south China. The purple lines in (a) denotes the simulated precipitation by
GRAEPS_EC (>100 mm).

5 DISCUSSION AND CONCLUSION

The main goal of this study is the assessment of the
performances of different model initialization conditions
and lateral boundary conditions between the global
models of ECMWF and NCEP on the accuracy of the
GRAPES forecasts over south China. A total of 3-month
simulations during the flood season are examined and a
specific case of torrential rain over Guangdong Province
is verified. The results presented in this paper could be
used as a general guideline for building operational
NWP models which are driven by global models. Such a
guideline could be helpful for the setup of operational
NWP systems especially for the flood forecasting over
south China.

The primary conclusion is that the ICs from NCEP
provided a realistic surface temperature compared to the
ECMWF during the warm season over south China.
GRAPES shows more realistic simulations of both

location and intensity of precipitation over Guangdong
Province by using NCEP for initialization. Rather, the
higher-resolution ECMWF provides a more detailed
structure of the ICs than NCEP, while the ECMWF
exhibits typical cold biases during the warm season over
south China (Zhong et al.[5]). The straightforward
difference of the surface temperature between the ICs of
ECMWF and NCEP indicates that the biases in the
initialization may lead to poor simulation of the strong
precipitation over the Pearl River Delta (PRD) region.
Besides, the dry biases in both GMs may also lead to the
failures of the precipitation forecasts over the PRD
region.

In general, the ICs from the GMs play an important
role in the weather forecasts of meso-scale model over
south China. Model techniques such as data assimilation
(Buizza et al.[9]; Xiao et al.[17]; Zhang et al.[18]; Jang and
Hong[19]) and initialization skills (Rakesh et al. [20];
Kumar et al.[7]; Yang et al. [21]; Chen et al. [22]) could be
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used to alleviate these biases in the operational NWP
models. On the other hand, the GRAPES model
provides reliable weather forecasts over south China,
and the verifications of ICs from GMs should be further
examined. Future work on the initialization techniques
for NWP models should be further developed to better
represent the initialization conditions comparing to the
observations.
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