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ABSTRACT 

As an important forcing data for hydrologic models, precipitation has significant effects on model simulation. The China 
Meteorological Forcing Dataset (ITP) and Global Land Data Assimilation System (GLDAS) precipitation data are the two 
commonly used data sources in the Heihe River Basin (HRB). This paper focused on evaluating the accuracy of these two 
precipitation datasets. A set of metrics were developed to characterize the trend, magnitude, annual allocation, event 
matching, frequency, and spatial distribution of the two datasets. Meanwhile, such accuracy evaluation was performed at 
various scales, i.e., daily, monthly, and yearly. By comparing with observations, this study concluded that: first, both ITP 
and GLDAS precipitation data well represented the trends at corresponding sites, and GLDAS underestimated precipita-
tion in most regions except the east tributary headwater region; second, unusual annual precipitation distribution was 
observed in both datasets with overestimation of precipitation in May through September and GLDAS appeared to be 
much severe; third, the ITP data seriously over-predicted the precipitation events; fourth, the ITP data have better spatial 
distribution than GLDAS in the upper reach area of HRB. Overall, we recommended ITP precipitation data for the land 
surface study in the upper reach of HRB. 
Keywords: precipitation; Heihe River Basin (HRB); accuracy evaluation 

 
1  Introduction 
 

Hehei River is the second largest inland river of 
China, and plays an important role in sustaining the 
development of ecology, agriculture, industry, and 
animal husbandry within the basin. A lot of research 
on economy (Zhou and Yang, 2006), ecology (Li et 
al., 2001; Ma and Frank, 2006; Feng et al., 2013; 
Wen et al., 2013), hydrology (Liu and Kotoda, 1998; 
Kang et al., 1999; Wang et al., 2009, 2013; Chen et 
al., 2013), and meteorology (Ma et al., 2010) have 

been performed in this basin. In order to further im-
plement the hydrological and ecological research in 
the Heihe River Basin (HRB), a major research pro-
gram was launched from the National Natural Science 
Foundation of China (NSFC), named Integrated Re-
search of Ecological-Hydrological Processes in the 
Heihe River Watershed (Li et al., 2013). One im-
portant objective of this program is to study the water 
cycle and energy exchange in HRB with hydrological 
and land surface models. The basic requirement of 
model application is accurate forcing data. As Cos-
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grove et al. (2003) pointed out, regardless of sophis-
ticated description of land processes in the model and 
accurate boundary and initial conditions provided, the 
model would not produce realistic simulation if the 
forcing data were not accurate. 

The upper reach of HRB is the runoff yield area 
and is located in an alpine cold region. There are a 
limited number of hydrological and meteorological 
sites available for this area. Because of complex 
mountainous topography and high elevation, the me-
teorological forcing data, especially precipitation data, 
are insufficient to represent the entire area. The sim-
ple geo-statistical interpolation method generally 
adopted to extend site observations to areal coverage 
appeared poor in performance. Therefore, the main 
strategy in obtaining forcing data for the land surface 
model (LSM) is to use reanalysis global datasets, such 
as the extensively used Global Land Data Assimila-
tion System (GLDAS) forcing dataset, with proper 
downscaling methods to a desired resolution. The 
China Meteorological Forcing Dataset (hereafter ITP 
data) is an open dataset that covers the Chinese conti-
nent and was produced by merging a variety of data 
sources (Chen et al., 2010; He, 2010). This dataset 
currently covers the period of 1979–2010, with a spa-
tial resolution of 0.1 degree and a temporal resolution 
of 3-hour. Chen et al. (2010) reported that over the 
Qinghai-Tibet Plateau, the simulation error of surface 
temperature could decrease by 2 K using ITP precipi-
tation instead of GLDAS precipitation. GLDAS was 
developed by the National Aeronautics and Space 
Administration (NASA), coupling three alternative 
LSMs and merging ground and satellite observed da-
ta. GLDAS precipitation data got extensive world-
wide uses (Gottschalck et al., 2005; Qian et al., 2006; 
Sheffield et al., 2006; Syed et al., 2008). However, 
for the arid basin such as HRB, the applicability of 
ITP and GLDAS precipitation data remains unclear. 
As precipitation is the main source of water in arid 
areas, accurate precipitation plays the most important 
role in a good simulation (Beven, 2001). A compre-
hensive evaluation of ITP and GLDAS precipitation is 
necessary before using them in models. 

As-Syakur et al. (2011) compared TRMM mul-
tisatellite precipitation analysis (TMPA) products 
with daily and monthly gauge data over Bali and con-
cluded that the data from TMPA were potentially us-
able to replace rain gauge data, especially for monthly 
data. In their study, the linear correlation coefficient, 
mean bias, root mean square error, and mean absolute 
error were used as evaluation metrics. Gourley et al. 
(2011) evaluated rainfall data that were estimated 
from NEXRAD, operational rain gauges, TRMM 
TMPA, and ERSIANN-CCS via a calibrated hydro-
logic model. In the study of Nan et al. (2010), six 
years of hourly and daily precipitation time series data 

from NEXRAD and NLDAS were investigated on 
their spatial similarities over a sub-region of the Ohio 
River Basin. In that study, three spatial metrics were 
used: Cohens Kappa coefficient, Forecast Quality In-
dex (FQI), and displacement-based Forecast Quality 
Measure (FQM) respectively. Hou et al. (2013) 
compared the precipitation data calculated from 
WRF (Weather Research and Forecasting model) 
with GLDAS over the upper reach of the Heihe Riv-
er Basin and confirmed that both datasets were able 
to capture precipitation spatial distribution. That 
study discovered that WRF produced annual precip-
itation were much closer to observations than 
GLDAS while producing higher correlation of 
GLDAS than that of WRF. 

However, in terms of well serving hydrological 
and land surface modeling, all these evaluation 
methods are not comprehensive. In order to fully 
evaluate precipitation data for hydrological and land 
surface modeling purposes, the following aspects 
should be followed: (1) Evaluating data at varying 
time scales, as LSMs usually run at different time 
scales such as hourly, 3-hour, and daily; (2) In addi-
tion to magnitude, precipitation occurrence frequen-
cy and temporal distribution also need to be consid-
ered, as these aspects will impact heat and water 
fluxes; and (3) considering spatial distribution of 
precipitation that would have significant effects on 
internal hydrologic circulation. 

In this paper, ITP and GLDAS precipitation data 
in the period of 2004–2009 were evaluated over the 
upper reach of Heihe River Basin, which is a typical 
cold mountainous area in an arid watershed. During 
the process, a comprehensive approach was proposed 
to take into account multiple scales, trend, magnitude, 
annual allocation, precipitation event matching, and 
spatial distribution. Meanwhile, the wavelet analysis 
was introduced to reveal the deviations of precipita-
tion at varying frequency domains. 
 
2  Study area and data 
 
2.1  Study area 

 
The study area covers the upper reach area of 

Heihe River Basin (HRB) in northwestern China 
(Figure 1). The Heihe River is the second largest 
inland river of China and flows through Qinghai, 
Gansu, and Inner Mongolia provinces. The basin is a 
typical arid watershed bounded between longitudes 
98.56°E–101.16°E and latitudes 37.63°N–39.15°N. 
The HRB upper reach area, which is the runoff yield 
area of the entire watershed, covers an area of 
10,009 km2. There are two tributaries in the upper 
reach. The east tributary covers an area of 2,452 km2 
and is observed at the Qilian site (Figure 1), and the 
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west tributary covers an area of 4,589 km2 and is 
observed at the Zhamashike site (Figure 1). These 
two tributaries join at Huangzangsi and then dis-
charge to the middle reach through the Yingluoxia 
site (Figure 1). 
 
2.2  ITP dataset 
 

The ITP dataset stands for the China Meteoro-
logical Forcing Dataset was produced by merging a 
variety of data sources, including observation records 
from China Meteorological Administration (CMA) 
stations, TRMM satellite precipitation analysis data 
(3B42), GLDAS precipitation data, GEWEX-SRB 
download shortwave radiation, and Princeton forcing 
data (Chen et al., 2010; He, 2010). Its spatial reso-
lution is 0.1 degree and temporal resolution is 3-hour. 
The items included in this dataset are temperature, 
pressure, specific humidity, wind speed, downward 
shortwave and longwave radiation, and precipitation. 
This dataset currently covers the period of 
1979–2010, and can be obtained from the Cold and 
Arid Regions Sciences Data Center at Lanzhou 
(http://westdc.westgis.ac.cn). 

2.3  GLDAS dataset 
 

The GLDAS-NOAH precipitation data, which are 
the result of merging Global Data Assimilation Sys-
tem (GDAS) data with NOAAs Climate Prediction 
Center Merged Analysis of Precipitation (CMAP) 
data, were used for this research. The GLDAS pre-
cipitation dataset was downloaded from 
ftp://hydro1.sci.gsfc.nasa.gov/data/s4pa/GLDAS_V1/. 
Its spatial resolution is 0.25 degree and temporal res-
olution is 3-hour. The precipitation amount was cal-
culated by adding rainfall and snowfall rates. This 
precipitation data covers the period of 2004–2009 
(Hou, 2013). 

Wang et al. (2011) drew a conclusion that 
GLDAS is of high quality for daily and monthly 
precipitation in the upper Second Songhua River 
Basin (USSP). However, according to the study of 
Yang et al. (2009), GLDAS precipitation data un-
derestimated both precipitation occurrence and ac-
cumulated amount in Mandal Govi of Mongolia. 
These studies show that the accuracy of GLDAS 
precipitation data may vary with region and an 
evaluation is necessary prior to use. 

 

 

Figure 1  Distribution of gauged hydrologic sites in and near the study area 



SiWei He et al., 2015 / Sciences in Cold and Arid Regions, 7(2): 0157–0169 
 

160

 
2.4  Observation data 
 

There are three hydrologic sites, Yingluoxia 
(YLX), Qilian (QL) and Zhamashike (ZM), within the 
upper reach of HRB and three other hydrologic sites, 
Sunan (SN), Wafangcheng (WFC) and Shuangshusi 
(SSS) nearby (Figure 1). The observed precipitation 
data in these sites were chosen as referenced values. 
The available record period of these sites were from 
1990 to 2009. 
 
2.5  Data pre-processing 
 

The terrain in the study area is relatively complex, 
so the spatial resolution is set to 5 km to account for 
this heterogeneity. In this study, ITP and GLDAS pre-
cipitation data were identically downscaled into 5 km 
with the MicroMet model (Liston and Elder, 2006). 
The time period for evaluation is set to 2004 to 2009. 
 
3  Methology 
 

The evaluation metrics in this paper can be clas-
sified into two categories. The first category is based 
on statistical indicators, while the second one is based 
on wavelet transform. Compared with previous 
studies on precipitation data accuracy evaluation, the 
proposed method in this study features four remarka-
ble highlights. 

1) Including frequently-used metrics in evaluating 
precipitation data accuracy, such as correlation coef-
ficient, Nash-Sutcliffe efficiency coefficient (NSE), 

annual total precipitation and precipitation days, as 
well as considering precipitation variations at different 
time scales. 

2) Adopting three weather forecasting indicators, 
namely, probability of detection (POD), false alarm 
ratio (FAR), and critical success index (CSI), which 
treat precipitation as a binary event. 

3) Introducing wavelet transform to discompose 
precipitation time series and evaluating precipitation 
characteristics at different frequency domains. 

4) Evaluating both magnitude and pattern of spatial 
distribution of precipitation. 
 
3.1  Statistical metrics 
 

The statistical metrics adopted are presented in 
Table 1. At the daily scale, ITP and GLDAS precipi-
tation data were evaluated in terms of correlation with 
observation, predictive abilities, occurrence frequency, 
and temporal distribution features. In this process, the 
metrics were calculated for each year using daily 
comparisons of observations vs. GLDAS and ITP. At 
the same time, the average metrics of the six years 
were calculated. At the monthly scale, they were 
evaluated as per correlation with observation and 
magnitude. In this process, the metrics were not cal-
culated for each year, but only the six years length 
using monthly comparisons of observations vs. 
GLDAS and ITP. At the yearly scale, annual precipi-
tation error was used as the indicator. Apart from 
those, the spatial distribution on the upper reach of 
HRB was also investigated.

 

Table 1  Evaluation indicators based on statistics 

Distribution Period Metrics 

Temporal distribution 

Yearly Precipitation error 

Monthly 
Pearson correlation coefficient 

Nash-Sutcliffe efficiency coefficient 

Daily 

Pearson correlation coefficient  
Nash-Sutcliffe efficiency coefficient 

Precipitation days 
Total precipitation between May and September 

Probability of detection (POD) 
False alarm ratio (FAR) 

Critical success index (CSI) 
Spatial distribution Yearly Spatial distribution of annual precipitation 

 

3.2  Wavelet transform 
 

Owing to the ability of providing localized char-
acteristics of non-stationary time series both in tem-
poral and frequency domain, wavelet transform was 
widely used in hydrology and earth sciences 

(Daubechies, 1990; Foufoula-Georgiou and Kumar, 
1994; Kumar and Foufoula-Georgiou, 1997; Sang, 
2011). Sang et al. (2011) studied the factors influenc-
ing complexity of hydrologic series based on wavelet 
transform. Taking the El Nino-Southern Oscillation 
(ENSO) time series for example, a practical 
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step-by-step guide of wavelet analysis to geoscience 
long-term data was given in the study authored by 
Torrence and Compo (1998). Through the wavelet 
transform, the precipitation data series can be de-
composed by frequency, so that information at dif-
ferent frequency domains can be detected. This 
method can complement traditional statistical metrics 
(de Trad et al., 2002). 

The following procedure is proposed. First, dis-
crete wavelet transform was implemented on all three 
data series, namely, observed precipitation records, 
ITP precipitation, and GLDAS precipitation. Then, 
traditional metrics (Pearson correlation and NSE) were 
applied to decomposed series so as to discover data 
characteristics at various frequency domains. 
 
4  Results 
 
4.1  Statistical metrics 
 
4.1.1  Daily scale 
 

The Pearson correlation coefficients (PCCs) are 
presented in Figure 2, where horizontal axes represent 
the study years from 2004 through 2009, and 6-year 
annual average of correlations, while vertical axes 
represent PCC. The dashed line indicates GLDAS 
data and solid line ITP data, respectively. Overall, all 
PCCs of GLDAS and ITP precipitation data against 
observations have no significant difference. Howev-
er, the PCCs of ITP are slightly larger than those of 
GLDAS in the QL and ZM sites. Conversely, PCCs of 
GLDAS are slightly larger than those of ITP in the 
SSS site. 

The Nash-Sutcliffe efficiency coefficients (NSEs) 
are presented in Figure 3 where the horizontal axes are 
equivalent to those of Figure 2 and the vertical axes 

represent NSE. Figure 3 shows that NSEs present the 
same trends as PCCs at all six sites. However, since 
NSE takes into account not only change trend but also 
magnitude, NSEs hold relatively lower values. At the 
QL and ZM sites, NSEs of ITP are higher than those of 
GLDAS. 

Precipitation days are the number of days that daily 
precipitation is greater than 0.1 mm. This metric re-
flects the agreement of precipitation temporal distri-
bution. Figure 4 shows the relative errors of precipita-
tion days of ITP and GLDAS against the observations. 
The horizontal axes are equivalent to those of Figure 2 
while the vertical axes represent relative errors of 
precipitation days (%). In the calculating procedure, 
both positive and negative biases were taken into ac-
count. It can be seen that in all years, these two pre-
cipitation data have more precipitation days than ob-
servations, in particular the ITP data. 

The temporal distribution of precipitation is 
non-uniform in the upper reach of HRB and precipita-
tion is mainly concentrated in the months of May 
through September (Li et al., 2006). The proportion of 
precipitation amount in May through September in a 
whole year can also reflect the temporal feature of a 
dataset. Figure 5 presents the proportions of precipita-
tion amount during May through September to annual 
precipitation, for ITP, GLDAS, and observations. In 
Figure 5, solid lines represent ITP, dashed lines rep-
resent GLDAS, and dash-dot lines represent observa-
tions. The horizontal axes are equivalent to those of 
Figure 2 and the vertical axes are the proportions (%). 
This reveals that ITP data are much closer to observa-
tion in terms of precipitation ratio during May through 
September, than GLDAS to observation, especially in 
the QL and ZM sites. The proportions with GLDAS 
are significantly larger and even up to 100% larger in 
some years. 

 

 

Figure 2  Pearson correlation coefficients at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e),                  

and SSS (f); Dashed line indicates GLDAS and solid line indicates ITP 
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Figure 3  Nash-Sutcliffe coefficients at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f);                    
Dashed line indicates GLDAS and solid line indicates ITP 

 

 

Figure 4  Relative errors of precipitation days at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e),               
and SSS (f). Dashed line indicates GLDAS and solid line indicates ITP 

 

 

Figure 5  Proportions of precipitation amount during May through September in a whole year at observation sites.                   
SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f); Solid line indicates ITP,                                  

dashed line for GLDAS and dashed-dot line for observation 
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Probability of detection (POD), false alarm ratio 

(FAR), and critical success index (CSI) are three basic 
evaluation metrics that are often used in weather 
forecasting services. These metrics treat precipitation 
event as a binary event, that is, only two types, occur-
rence or nonoccurrence. POD is the percentage of all 
precipitation events which were warned for with a 
perfect score of 100%. FAR measures how often we 
issue false alarms and ideally we want this number to 
be 0.0%. It is obvious that over-prediction might 
achieve a high POD, but at the expense of a high 
FAR. Overall success can be expressed by CSI, which 
is a function of both POD and FAR. These three met-
rics were adopted in our method and the results are 
provided in Figures 6–8, respectively. The horizontal 
axes are equivalent to those of Figure 2 and the verti-
cal axes represent POD (%), FAR (%), and CSI (%), 
respectively. 

Based on Figures 6 and 7, it was found that both 
ITP and GLDAS showed over-prediction; moreover, 
compared with GLDAS, ITP has larger FAR, indicat-

ing ITP has serious over-prediction precipitation 
events. This finding is consistent with Figure 4, in 
which relative errors of precipitation days are positive 
and ITP has large relative errors than GLDAS. Figure 
8 shows that GLDAS is much closer to observations 
than ITP is, if we ignore precipitation magnitude and 
treat precipitation as a binary event. 

In order to evaluate the accuracy of precipitation 
intensities at different levels, the data were divided 
into three categories, namely light (0.1–10 mm/day), 
moderate (10–25 mm/day), and heavy (>25 mm/day). 
According to the daily precipitation data from year 
2004 to 2009, the annual average rain day of each 
level can be obtained (Table 2). 

From Table 2, it can be seen that both ITP and 
GLDAS underestimate rain days for heavy and mod-
erate precipitation. However, the days of light precip-
itation are overestimated by both ITP and GLDAS. 
The difference in the moderate level is larger for 
GLDAS than ITP while the difference in the light lev-
el is smaller for GLDAS than ITP. 

 

 
Figure 6  Probabilities of detection at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f).                    

Dashed line indicates GLDAS and solid line indicates ITP 

 

 
Figure 7  False alarm ratios at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f).                        

Dashed line indicates GLDAS and solid line indicates ITP 
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Figure 8  Critical success indices at observation sites. SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f).           

Dashed line indicates GLDAS and solid line indicates ITP 

 

Table 2  Annual average days of precipitation of the three data after dividing into three categories 

Hydrologic site 
Heavy (days) Moderate (days) Light (days) 

GLDAS ITP OBS GLDAS ITP OBS GLDAS ITP OBS 
SN 0.00 0.00 0.33 1.00 4.33 6.50 115.83 192.33 74.67 

YLX 0.00 0.00 0.67 0.67 2.00 2.50 91.33 141.83 56.50 
QL 0.00 0.00 1.00 2.67 5.00 10.00 128.50 205.00 85.33 
ZM 0.00 0.00 1.17 2.00 4.50 11.17 126.83 181.17 94.50 

WFC 0.00 0.00 1.50 1.33 2.83 13.33 107.17 217.00 82.33 
SSS 0.33 0.33 2.00 3.17 6.17 8.83 121.67 208.00 88.00 

 

4.1.2  Monthly scale 
 

NSE and PCC were selected as metrics at the 
monthly scale. In Figure 9, the horizontal axes indi-
cate selected sites. Differing from what we did in the 
analysis of the daily scale, we calculated the metrics 
for the whole six years at the monthly scale instead of 
for each year. It can be seen from Figure 9a that at all 
sites, the PCCs of ITP against observations are larger 
than those of GLDAS except at the SSS site, where 
the two PCCs are almost identical. However, NSEs of 
ITP are larger than GLDAS without exception. It is 
also obvious that NSEs of ITP at the QL and ZM sites 
are larger than other sites. 

 
4.1.3  Yearly scale 
 

The yearly precipitation amount is an im-
portant indicator. In our method, it was evaluated 
via relative error of annual precipitation against 
observed. For each site, relative errors of annual 
precipitation are presented in Figure 10 where the 
horizontal axes are equivalent to those of Figure 2 
and vertical axes represent relative errors (%). 
There is a distinct smaller relative error of annual 
precipitation of ITP than those of GLDAS. For all 

sites, GLDAS appeared significantly smaller than 
observations. ITP was much closer to the observed 
records at the QL site. 

 
4.2  Wavelet transform 
 

The wavelet transform with db4 wavelet function 
and four levels was implemented on observations, 
ITP, and GLDAS precipitation data, respectively. Af-
ter the transform, a low-frequency and four 
high-frequency time series can be obtained. We com-
pared ITP and GLDAS low-frequency series with ob-
servation low-frequency series and also for the four 
high-frequency series. Conventional statistical metrics 
such as NSE and PCC are used to those decomposed 
time series at various frequency levels. The results are 
displayed in Figure 11, where the horizontal axes rep-
resent frequencies while the vertical axes represent 
PCCs or NSEs as annotated. The a4 denotes the 
low-frequency part, d1–d4 denote the four 
high-frequency parts. As shown in the low-frequency 
part, the PCCs of ITP against observations and those 
of GLDAS are almost identical at all sites, while, 
the NSEs of ITP are slightly larger than those of 
GLDAS. In the high-frequency parts, the relation-
ship is complex. 
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Figure 9  Correlation coefficients at a monthly scale. (a) PCC and (b) NSE 

 

 
Figure 10  Relative error of annual precipitation at observation sites. SN (a), YLX (b), QL (c), ZM (d),                     

WFC (e), and SSS (f); Dashed line indicates GLDAS and solid line indicates ITP 

 

 

Figure 11  Relationship of correlation coefficients versus observations at different sites.                               
SN (a), YLX (b), QL (c), ZM (d), WFC (e), and SSS (f) 
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4.3  Spatial distribution 
 

Figure 12 presents the spatial distribution of an-
nual precipitation from 2004 to 2009 as well as annual 
average. In order to show the relationship between 
spatial distribution and topography, the valley lines 
are also displayed. The following information can be 
concluded. 

1) The spatial distribution of precipitation in this 
region is uneven and varies remarkably. Both ITP and 
GLDAS precipitation data show that the source area 
of the Heihe River east tributary has abundant precip-
itation and precipitation declines from east to west. 
This is coincident with previous studies (Tang, 1985; 
Zhu and Wang, 1996; Ding et al., 1999; Zhang and Li, 

2004; Li, 2008; Li et al., 2009). 
2) It also depicted that terrain controlled precipita-

tion distribution over the study area with both ITP and 
GLDAS. Low altitudes and river valley regions have 
less precipitation than high altitudes. This indicates 
that in the mountainous area, total precipitation 
amount increases along with altitude. A similar law 
was also discovered in previous studies (Tang, 1985; 
Zhu and Wang, 1996; Ding et al., 1999; Zhang and Li, 
2004; Li, 2008; Li et al., 2009). However, the lapse rate 
of GLDAS is smaller than that of ITP. 

3) In most regions, GLDAS has smaller annual 
precipitation than ITP. This phenomenon is also de-
tected in Figure 10 which shows the relative errors of 
annual precipitation at individual sites. 

 

 
Figure 12  Spatial distributions of annual and annual average precipitation 

 
5  Discussion 
 

Based on a set of evaluation metrics, the character-
istics of ITP and GLDAS precipitation data are pre-
sented in a more comprehensive and systematic way. 

According to the comparison results of PCC and 
NSE (Figures 2 and 3), precipitation data of ITP and 
GLDAS have similar accuracy. However, in the QL 
and ZM sites, ITP has better quality than GLDAS be-
cause the QL site is a national weather site and the 

observations of QL was assimilated into the ITP data. 
The ZM site is near QL and its accuracy was also im-
proved due to the interpolation process. This neigh-
borhood effect is also reflected in both Figures 3 and 
5. Compared with observations, the relative errors of 
precipitation days of ITP data are much larger than 
those of GLDAS (Figure 4). The occurrence of a pre-
cipitation event in ITP was determined by TRMM 
3B42. Wu et al. (2013) evaluated coarse-resolution 
TRMM 3B42 in the HRB to some degree. In their 
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study, only annual precipitation and correlation coef-
ficient at the monthly scale were presented, however, 
precipitation days and the correlation coefficient at 
the daily scale were ignored. Therefore, their study 
cannot confirm the temporal distribution of TRMM 
3B42 precipitation although its annual amount might 
be acceptable. Based on the findings from the ITP 
data, it implied that large deviations existed for 
TRMM 3B42 and observations in terms of temporal 
distribution. This study also confirms that precipita-
tion in the Qilian mountainious region is mainly con-
centrated in the months of May through September as 
shown in Figure 5. Also, Figure 5 shows errors of 
both ITP and GLDAS in terms of temporal distribu-
tion compared with site observations; the errors are 
especially large with GLDAS. However, it should be 
noted that large errors in Figure 5 do not mean large 
biases of precipitation amounts because they are pro-
portional which are not dependent on the actual 
amount of the annual total. POD (Figure 6), FAR 
(Figure 7), and CSI (Figure 8) show that the ITP pre-
cipitation is seriously over-predicted, and again veri-
fied that TRMM 3B42 has a large bias in representing 
the temporal distribution of precipitation over the up-
per reach of HRB. 

The wavelet transform demonstrates that ITP and 
GLDAS are nearly identical in the low-frequency 
domain and the main differences occur in the 
high-frequency domains. This is because the precipi-
tation series is with strong noises. The low-frequency 
domain represents the periodical changes, relatively 
steady and easy to predict. The high-frequency do-
mains represent the details and have a great influence 
on the precipitation accuracy. Our experiment con-
firmed that both datasets had no problem in repre-
senting long term precipitation periodical changes. 

Compared with the daily scale, the correlation co-
efficients of either ITP or GLDAS against observation 
were significantly improved (Figure 9) at a monthly 
scale. However, NSE of GLDAS at the WFC site is 
very small but its correlation is relatively good. This 
implies a well matched trend but the magnitude dif-
fered. Actually, the spatial pattern analysis confirmed 
that GLDAS precipitation is much smaller than ob-
servation in terms of amount. But because ITP assim-
ilated site observations, it had a very good perfor-
mance in the QL and ZM sites which are inside the 
upper reach. 

The relative error of annual precipitation (Figure 
10) discovered that GLDAS underestimated precipita-
tion with large deviations. Meanwhile, ITP had rela-
tively small biases with some positive and some nega-
tive. The ITP data had best accuracy in the QL site 
than other sites. This may attribute to the mergence of 
China Meteorological Administration site observa-
tions into the dataset. 

In the upper reach of HRB, precipitation sites are 
very limited and hard to capture large spatial hetero-
geneity. As we know, topography and climate factors 
have effects on the spatial distribution of precipita-
tion. Previous studies (Ding et al., 1999; Li et al., 
2006) have pointed out that since the orographic uplift 
in the middle Qilian Mountains, this region received 
increased precipitation and formed a wet island in the 
arid area. By considering large-scale geographic fac-
tors, altitude, and local topographic factors, Tang 
(1985) depicted a contour map of annual precipitation 
distribution and concluded the characteristics of spa-
tial distribution in this region on basis of precipitation 
records of many years. Li (2008) divided the Qilian 
Mountains into four zones based on precipitation, to-
pography, and other weather conditions and summa-
rized precipitation characteristics of each zone as per 
the theory of climatic regionalization. All these exist-
ing studies are from the perspective of meteorology 
and on the basis of observation records, taking many 
factors into consideration, and can be treated as credi-
ble evidence regarding the precipitation spatial distri-
bution over the upper reach of HRB. 

Our study shows that both ITP and GLDAS pre-
cipitation have some similar spatial distribution pat-
terns. The abundant precipitation zone in the east trib-
utary is near the Lenglong range, which is the area 
with most precipitation in the Qilian Mountains ac-
cording to the climatological records. This area is not 
only of high altitude but also in the windward side of 
the plateau summer monsoon (Tang, 1985). The 
southwest and southeast monsoons impact precipita-
tion not only in the Qilian Mountains but also as far 
as the upper reach of HRB. These monsoons produce 
abundant rainfall, but decrease from west to east. 
From the view of mountain precipitation formation, 
as the condensation level of convective precipitation 
is very high, most precipitation occurred at high al-
titudes (Tang, 1985). These main characteristics over 
the Qilian Mountains were captured by both ITP and 
GLDAS precipitation data. 

In order to further quantitatively evaluate the spa-
tial distribution of ITP and GLDAS precipitation in 
the study area, two previous studies were referenced. 
First, the spatial distributions of ITP and GLDAS 
were compared with the contour map of annual pre-
cipitation (Tang, 1985). This comparison shows that 
ITP was relatively reasonable while GLDAS underes-
timated annual precipitation in most regions. Accord-
ing to the study of Li (2008), the study area which is 
located in the east middle zone of the Qilian Moun-
tains, is a semi-humid type with an annual precipita-
tion around 377.6 mm. This is roughly matched by 
ITP while GLDAS is obviously smaller than the 
number in most parts of the study area except for the 
east tributary source area. 
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6  Conclusions 
 

In this paper, a comprehensive approach including 
multiple statistical metrics, multiple time scales, and 
wavelet transform was proposed and applied to assess 
the accuracy of ITP and GLDAS precipitation data 
(2004–2009) over the upper reach of Heihe River Ba-
sin (HRB). In addition, the spatial distribution of ITP 
and GLDAS precipitation was evaluated. Some con-
clusions can be drawn from this paper. 

1) Both ITP and GLDAS precipitation data well 
represent the trend of precipitation over the upper reach 
of HRB. However, GLDAS underestimated precipita-
tion in most regions of the study area except for the 
east tributary source area. In addition, the temporal 
distribution of ITP and GLDAS annual precipitation 
did not match the observations well; the proportions 
of total precipitation in May through September in a 
year were higher than observations. GLDAS repre-
sented the temporal distribution even worse. 

2) The accuracy of ITP was improved for assimi-
lating China Meteorological Administration (CMA) 
sites data. This was especially obvious in or near the 
grids where CMA sites are located. However, ITP 
precipitation data overestimated the precipitation 
days. The same phenomenon was also revealed by the 
weather forecast metrics. Considering the inheritance 
of ITP and TRMM 3B42, it implied that the TRMM 
3B42 precipitation data cannot capture the actual pre-
cipitation events precisely. 

3) Through wavelet transform, it is shown that 
both ITP and GLDAS can well match the observation 
at low frequency domain. At the high frequency do-
mains, these two precipitation data varied with sites 
except for the same change trend. 

4) Both ITP and GLDAS precipitation data reflect-
ed the basic characteristics of precipitation spatial dis-
tribution in the study area. This was verified with pre-
vious studies which were from the perspective of me-
teorology. Compared with previous studies, our study 
revealed that ITP precipitation data were more reason-
able than GLDAS in terms of spatial pattern. Also, the 
original spatial resolution of ITP (0.1 degree) is much 
finer than that of GLDAS (0.25 degree). 

The approach proposed in this paper can compre-
hensively characterize every important aspect of pre-
cipitation data such as trend, magnitude, annual allo-
cation, event matching, frequency, and spatial distri-
bution as well as assess from various scales such as 
daily, monthly, and yearly. The proposed approach can 
also be applied to evaluate the accuracy of precipita-
tion over other regions. Although this study recom-
mended the use of ITP precipitation in the upper reach 
of HRB, it is still necessary to develop more accurate 
precipitation data with new techniques to meet the 
requirement of high resolution land surface modeling. 

For example, Pan et al. (2012) proposed a precipita-
tion data assimilation method that merged Doppler 
radar data. Hopefully, these new methods may lead to 
new and better precipitation data for complex terrain 
areas. 
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