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To investigate the reliability of global gridded precipitation datasets with horizontal resolution of
0.5� � 0.5� in arid Xinjiang, central Asia, the monthly precipitation datasets released by the Climatic
Research Unit (CRU TS, version 3.21), the University of Delaware (Terrestrial Precipitation: 1900e2010
Gridded Monthly Time Series, version 3.01), the Global Precipitation Climatology Centre (GPCC Full Data
Reanalysis Product, version 6) and the National Oceanic and Atmospheric Administration (NOAA's Pre-
cipitation Reconstruction over Land) during 1979e2010 were selected. A precipitation dataset released
by the National Meteorological Information Center, China Meteorological Administration is applied as the
observation series. The result indicates that changes in seasonal and annual precipitation can be simu-
lated by the four gridded datasets in most regions of Xinjiang, but there are seasonal and regional dis-
crepancies in the correlation coefficients (R), mean bias error (MBE) and root-mean-square error (RMSE).
Generally speaking, the gridded datasets can be more effective in simulating precipitation in low-lying
basins, that is, the elevation is less than 1500 m (mainly desert and scattered oasis), while RMSE in
mountainous areas is much larger than that in low-lying areas. In Altay, Tianshan and Kunlun Mountains,
the precipitation simulated by the gridded datasets is less than that of observation series. The accuracy of
gridded precipitation datasets generally decreases with elevation. On a seasonal basis, the errors of
gridded precipitation datasets in summer months are generally higher than those in other seasons, and
RMSE usually shows low values during wintertime. Among the four gridded precipitation datasets, RMSE
of CRU is slightly larger than other three datasets in most areas of Xinjiang. The wetting trend magnitude
in this study area from 1979 to 2010 is generally underrated by all the gridded datasets, indicating that
the long-term precipitation trend using gridded datasets should be treated with caution.

© 2014 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Precipitation plays a vital role in the global energy and water
cycles. During recent decades, frequent natural hazards (e.g. flash
flood, rainstorm, urban waterlogging) related with extreme pre-
cipitation events have led to great economic and social loss for
humans (Beniston and Stephenson, 2004; Qian et al., 2007; Zolina
et al., 2010; Shiu et al., 2012). Global and regional precipitation data
with high accuracy is widely needed in hydrometeorological fore-
cast and climate change research. In the past several decades, re-
searchers have made great efforts to acquire high-resolution
gridded precipitation datasets by interpolation and assimilation
g).

reserved.
from station and/or satellite data (Kistler et al., 2001; Harris et al.,
2014; Isotta et al., 2014; Schneider et al., 2014). The widely-
applied gridded datasets have provided important information
about the distribution and changes of precipitation in a global or
regional scale (Takahashi et al., 2006; Bosilovich et al., 2008).
However, the inevitable errors of simulated precipitation cannot be
totally ignored. The gridded data must be verified according to
observations, before they are used for assessing climate change in
some specific regions (Janowiak et al., 1998; Silva et al., 2011; Sohn
et al., 2012; Sylla et al., 2013; Lin et al., 2014; Tong et al., 2014).

Central Asia is far away from any oceans, and precipitation
events in highmountains are muchmore frequent than that in low-
lying basins (Schiemann et al., 2008; Bothe et al., 2012). Xinjiang
Uygur Autonomous Region, a remote province in northwestern
China, lies in central Asia. The annual precipitation is
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Fig. 1. Distribution of grid boxes with horizontal resolution of 0.5� � 0.5� in Xinjiang, central Asia.
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approximately 165.5 mm in Xinjiang, while it is up to 409.1 mm in
Tianshan Mountains (Shi et al., 2008). In some desert stations,
annual precipitation is less than 10 mm. In this study area, the
existing meteorological observation network mainly is concen-
trated in the oasis belts, and in-situ observations are still scarce in
the vast deserts andmountains (e.g. Ling et al., 2012; Xu et al., 2013;
Wang et al., 2013a, 2013b, 2014). Only limited station data can be
used in interpolation and assimilation, which may reduce the
applicability of global gridded datasets for this region. Previous
researches showed that the reliability of most global gridded pre-
cipitation datasets in eastern China is far better than that inwestern
China, which is related to uneven station distribution and complex
Fig. 2. Monthly mean precipitation in different subregions of Xinjiang derived from gridded
(c) Tianshan Mountains; (d) TarimeTurpaneHami Basin; (e) Kunlun Mountains.
topography (Zhao and Fu, 2006; Ma et al., 2009). However, verifi-
cation of gridded precipitation datasets at resolution no less than
0.5� � 0.5� grids is still limited in arid Xinjiang, and more com-
parisons on seasonal and annual basis in detail are still needed.

In order to verify the reliability of global gridded precipitation
datasets in some specific regions, support of long-term precipita-
tion observations is usually needed. In 2012, a gridded dataset of
monthly/daily precipitation at resolution of 0.5� � 0.5� was
released by the National Meteorological Information Center, China
Meteorological Administration. This dataset is based on the long-
term observations and considered to be one of the most impor-
tant climatological products in China (NMIC, 2012). This real-time
datasets and observations during 1979e2010. (a) Altay Mountains; (b) Junggar Basin;



Fig. 3. Spatial distribution of winter precipitation (left column), summer precipitation (middle column) and annual precipitation (right column) derived from gridded datasets and
observations in Xinjiang during 1979e2010.
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dataset provides a reference series for assessing the applicability of
global gridded datasets in arid Xinjiang. In this study, four precip-
itation datasets released by Climatic Research Unit (CRU), the
University of Delaware, the Global Precipitation Climatology Centre
(GPCC) and the National Oceanic and Atmospheric Administration
(NOAA) with horizontal resolution of 0.5� � 0.5� are selected, and
all the selected datasets are applied to the year 2010 in view of the
consistency of time series. The spatialetemporal changes in sea-
sonal and annual precipitation derived from these datasets are
calculated respectively, and the reliability of these datasets in
Xinjiang is discussed.
2. Data and method

2.1. Data sources

2.1.1. Global gridded precipitation datasets
Four datasets of global precipitation with horizontal resolution

of 0.5� latitude by 0.5� longitude were selected in this study.
(i) CRU TS version 3.21 (CRU). This dataset is produced by the
Climatic Research Unit (CRU), University of East Anglia, En-
gland. Station anomalies (1961e1990 means) were spatially
interpolated into 0.5� � 0.5� grid boxes covering the global
land surface excluding Antarctica, and combined with an
existing climatology to obtain absolute monthly values. More
details about data interpolation and quality assessment were
reported by Harris et al. (2014). The latest version CRU TS
version 3.21 (available at http://www.cru.uea.ac.uk/data)
covering the period 1901e2012 is applied in this paper.

(ii) Terrestrial Precipitation: 1900e2010 Gridded Monthly Time
Series version 3.01 (Delaware). This dataset is produced by
the University of Delaware with support from NASA's Inno-
vation in Climate Education (NICE) Program. The station data
of monthly precipitation is compiled from several updated
sources (e.g. Global Historical Climatology Network
(GHCN2)). Climatologically aided interpolation (CAI)
(Willmott and Robeson, 1995) is used to estimate the
monthly total precipitation fields. Version 3.01 was released

http://www.cru.uea.ac.uk/data


Fig. 4. Monthly mean bias error (MBE, left column) and root-mean-square error (RMSE, right column) of mean precipitation in different subregions of Xinjiang derived from
gridded datasets during 1979e2010. (a) Altay Mountains; (b) Junggar Basin; (c) Tianshan Mountains; (d) TarimeTurpaneHami Basin; (e) Kunlun Mountains.
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on June, 2012, acquirable at http://climate.geog.udel.edu/
~climate/.

(iii) Global Precipitation Climatology Centre Full Data Reanalysis
Product version 6 (GPCC). It is operated by the Deutscher
Wetterdienst (DWD, National Meteorological Service of
Germany) as a German contribution to the World Climate
Research Programme (WCRP). The quality-controlled data
from more than 60,000 world-wide rain gauges is used as
background climatology. Data processing and accuracy
assessment were presented in Schneider et al. (2014) and
Becker et al. (2013). Version 6 covering the period
1901e2010 was released in 2011 (available at http://gpcc.
dwd.de).
(iv) NOAA's Precipitation Reconstruction over Land (NOAA). The
global monthly precipitation data since 1948 was released by
National Oceanic and Atmospheric Administration (NOAA).
The dataset was derived from over 17,000 gauges in the
Global Historical Climatology Network (GHCN2) and the
Climate Anomaly Monitoring System (CAMS) datasets. The
optimal interpolation (OI) method of Gandin has been
applied to create monthly gridded analyses of the global land
precipitation (Chen et al., 2002). The data can be downloaded
from NOAA/OAR/ESRL PSD at http://www.esrl.noaa.gov/psd.

The provincial boundary of the Xinjiang Uygur Autonomous
Region stretches from34�190 5900 to 49�100 4200Nand from73�290 1100

http://climate.geog.udel.edu/%7Eclimate/
http://climate.geog.udel.edu/%7Eclimate/
http://gpcc.dwd.de
http://gpcc.dwd.de
http://www.esrl.noaa.gov/psd


Fig. 5. Spatial distribution of root-mean-square error (RMSE) of winter precipitation (left column), summer precipitation (middle column) and annual precipitation (right column)
derived from gridded datasets and observations in Xinjiang during 1979e2010.
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to 96�230 1300E (Deng et al., 2005), and 699 gridswere selected in the
study area. Based on the main topography, the study region can be
classified into five subregions (Fig. 1), namely, Altay Mountains,
Junggar Basin, Tianshan Mountains, TarimeTurpaneHami Basin,
and Kunlun Mountains from north to south, respectively. The time
series from 1979 to 2010 in the datasets is selected in this study.
2.1.2. Dataset of observation precipitation
ChinaMonthly Surface Precipitation 0.5� � 0.5� Gridded Dataset

V2.0 (available at http://cdc.cma.gov.cn) is a gridded data released
by NMIC (National Meteorological Information Center), China
Meteorological Administration (CMA). This dataset consists of
monthly surface precipitationwith 0.5� � 0.5� horizontal resolution
in China since 1961. The latest observed precipitation data from
approximate 2400 stations has been spatially interpolated by thin
plate spline (TPS) in ANUSPLIN software to generate this dataset. In
order to eliminate the influence of elevation on precipitation, a
digital elevation model GTOPO30 has been used in spatial interpo-
lation. An assessment report of this dataset shows root-mean-
square error (RMSE) ranges between 0.2 and 0.8 mm on a monthly
basis, and more information about the calculation procedure is also
described by NMIC (NMIC, 2012; Zhao et al., 2014). According to our
previous studies (Wang et al., 2013c; Ren et al., 2015), this dataset
can describe the spatial and seasonal patterns of precipitation in
China. In this study, this dataset is applied as the observation data.
2.2. Method

Two parameters, mean bias error (MBE) and root-mean-square
error (RMSE), are applied to quantify the errors of gridded precip-
itation datasets in this study. The formulas of MBE and RMSE are
given as follows:

MBE ¼
Pn

i¼1ðPi � piÞ
n

; (1)

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1 ðPi � piÞ2
n

s
; (2)

where Pi and pi are grid-derived and observed precipitation,
respectively. For the calculation of correlation coefficients (R),
Pearson's correlation coefficients and two-tailed t-test are used.
The non-parametric Sen's method (Sen,1968) is applied to estimate
the long-term trend magnitude of precipitation on seasonal and
annual basis. The spatial distribution of long-term mean and trend
magnitude was processed in ArcGIS 9.3.

http://cdc.cma.gov.cn


Fig. 6. Variation of mean bias error (MBE) and root-mean-square error (RMSE) of winter precipitation (top), summer precipitation (middle) and annual precipitation (bottom) in
different elevation ranges derived from gridded datasets and observations in Xinjiang during 1979e2010.
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3. Results

3.1. Comparison of long-term climatology

Fig. 2 demonstrates the variation of monthly precipitation in
different subregions of Xinjiang. Precipitation usually concentrates
in summer months, which can be seen from all the subregions.
Generally, the precipitation peaks in summer are underrated by
these global gridded datasets. In Altay (Fig. 2a) and Tianshan
Mountains (Fig. 2c), the main summer precipitation peaks can be
simulated with gridded datasets, although the peak month derived
from CRU in Tianshan Mountains is earlier (May) than that from
other three datasets (July). However, in KunlunMountains (Fig. 2e),
the summer rain peak is greatly smoothed. Compared with
mountainous areas, the low-lying basins usually have less precip-
itation amounts. In Junggar (Fig. 2b) and TarimeTurpaneHami
Basins (Fig. 2d), the gridded datasets are relatively similar to ob-
servations. Among the four gridded datasets, the variation feature
derived from Delaware, GPCC and NOAA is generally consistent
with each other, while CRU shows obvious difference from other
three.

As shown in Fig. 3, spatial diversity of seasonal and annual
precipitation exists in Xinjiang. In winter (left column in Fig. 3), the
mean precipitation in the northern Xinjiang is more than 20 mm,
and the maximum value is in the Altay Mountains. This spatial
pattern can be simulated with Delaware, GPCC and NOAA, but the
simulated value of precipitation with CRU is higher in Kunlun
Mountains and lower in Altay Mountains. In summer (middle col-
umn in Fig. 3), the “wet island” of Tianshan Mountains in the
middle of Xinjiang can be seen from all the four gridded datasets.
However, Delaware, GPCC and NOAA cannot represent precipita-
tion in the Altay and Kunlun Mountains, and CRU also has an
underestimated region in southwestern Xinjiang (eastern Kunlun
Mountains). For the annual precipitation (right column of Fig. 3),
the relatively humid Tianshan Mountains as well as northern Xin-
jiang can be described by these gridded datasets. However, Dela-
ware, GPCC, and NOAA cannot simulate the precipitation in the
Kunlun Mountains. The spatial pattern of the arid



Fig. 7. Interannual changes in mean precipitation in different subregions of Xinjiang derived from gridded datasets and observations during 1979e2010. (a) Altay Mountains; (b)
Junggar Basin; (c) Tianshan Mountains; (d) TarimeTurpaneHami Basin; (e) Kunlun Mountains.
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TarimeTurpaneHami Basin flanked by humid mountains can only
be found in CRU, although CRU generally makes overestimates in
this basin.
3.2. Comparison of errors derived from gridded datasets

Monthly MBE and RMSE of gridded precipitation datasets in
Xinjiang are shown in Fig. 4. MBE in Junggar and Tar-
imeTurpaneHami Basins is close to 0 mm, especially for GPCC,
NOAA and Delaware, indicating a good simulation for these regions
(Fig. 4b and d). Specifically, MBE is slightly below 0 mm in Junggar
Basin and that in TarimeTurpaneHami Basin is slightly above
0 mm. The minimum value of MBE can be found in July (�6.06 mm,
for CRU) in Junggar Basin, while the maximum value exists in July
(8.67 mm, for CRU) in TarimeTurpaneHami Basin. In addition,
RMSE in Junggar and TarimeTurpaneHami Basins also shows low
values within 20 mm, although RMSE is slightly higher in summer
and lower in winter. Compared with other three datasets, CRU
usually has larger value of RMSE. In three mountainous regions
(Fig. 4a, c and e), MBE is usually more negative and RMSE is more
positive, compared with that in low-lying basins.

Table 1 shows the correlation coefficients,MBE and RMSE for each
gridded precipitation datasets on seasonal and annual basis. In Altay
Mountains (Region I in Table 1), the correlation coefficients between
CRU and observations exceed 0.7 in spring, summer and autumn. On
anannual basis, CRUhas the lowest absolute values ofMBEandRMSE,
compared with those of other datasets. However, NOAA shows a
smallererror inautumnandwinter. InTianshanMountains (Region III
inTable1), the correlationcoefficients betweenCRUandobservations
are higher than those between other datasets and observations on an
annual basis. For each season, CRU does not always have the best
correlationwith observations, and the lowest RMSE can be found for
GPCC on annual and seasonal basis except winter. In Kunlun Moun-
tains (Region V in Table 1), only inwinter, the correlation coefficients
are more than 0.6. The lowest seasonal RMSE can be seen in NOAA
(7.59mm inwinter), but CRUhas the lowest RMSE on an annual basis.
In Junggar and TarimeTurpaneHami Basins (Regions II and IV in
Table 1), the lowest RMSE existed in GPCC and NOAA.



Table 1
Correlation coefficients (R) between gridded datasets and observations, and mean bias error (MBE) and root-mean-square error (RMSE) of gridded datasets on a seasonal basis
in different subregions of Xinjiang during 1979e2010. (I) AltayMountains; (II) Junggar Basin; (III) TianshanMountains; (IV) TarimeTurpaneHami Basin; (V) KunlunMountains.

Season Region CRU Delaware GPCC NOAA

R MBE (mm) RMSE (mm) R MBE (mm) RMSE (mm) R MBE (mm) RMSE (mm) R MBE (mm) RMSE (mm)

Annual I 0.78** �125.9 151.9 0.51* �147.1 160.8 0.43 �146.3 159.5 0.48** �138.1 155.6
II 0.63** �26.2 69.5 0.68** �5.2 56.5 0.54** �13.8 55.4 0.63** �11.2 54.6
III 0.58** �142.8 171.7 0.53** �143.6 163.8 0.43** �140.3 161.4 0.44** �141.8 168.4
IV 0.39** 29.3 42.5 0.68** 9.1 25.9 0.72** 1.8 17.3 0.57** �0.1 21.5
V 0.40** �12.0 89.5 0.09 �71.1 101.8 0.08 �73.4 100.3 0.15 �77.8 104.0

Spring I 0.84** �26.8 39.4 0.54** �35.5 43.4 0.43 �37.0 43.8 0.55* �32.5 42.7
II 0.71** �6.2 21.6 0.74** �0.5 18.9 0.67** �4.7 17.0 0.71** �3.0 17.5
III 0.46** �8.5 46.2 0.65** �26.1 39.7 0.54** �27.6 39.5 0.52** �27.1 41.8
IV 0.72** 4.5 11.1 0.79** 3.5 8.3 0.82** 1.3 5.7 0.75** 1.0 6.4
V 0.36** 29.7 51.2 0.46** 3.2 21.9 0.43** 1.3 21.1 0.54** 1.6 20.3

Summer I 0.70** �22.6 52.4 0.27 �64.9 78.8 0.36 �59.8 73.8 0.19 �61.0 76.4
II 0.54** �16.4 35.2 0.37** �5.2 31.7 0.08 �7.1 32.1 0.27** �3.7 31.1
III 0.65** �119.1 130.9 0.42** �103.4 114.8 0.36** �94.3 107.2 0.40** �95.1 112.4
IV <0.01 18.2 31.0 0.51** 1.2 16.0 0.60** �1.1 12.5 0.41** �1.5 15.4
V 0.39** �68.0 84.7 0.09 �71.6 85.8 0.05 �70.9 84.4 0.05 �72.3 86.7

Autumn I 0.76** �38.9 44.6 0.59** �27.6 32.2 0.43 �28.3 33.5 0.61** �27.3 32.5
II 0.58** �5.2 19.9 0.81** �1.6 12.9 0.76** �2.9 12.6 0.78** �4.0 13.3
III 0.45** �22.9 35.6 0.61** �18.9 30.5 0.58** �20.0 28.1 0.56** �20.6 30.2
IV 0.44** 5.6 13.5 0.75** 2.6 7.3 0.82** 0.4 4.3 0.72** �0.2 5.0
V 0.46** �1.3 23.2 0.26** �8.0 17.4 0.17 �8.4 18.0 0.28** �10.1 19.1

Winter I 0.59** �37.7 54.0 0.75** �19.2 35.0 0.59** �21.1 34.7 0.77** �17.3 32.9
II 0.62** 1.55 13.9 0.91** 2.0 10.1 0.93** 0.9 7.8 0.92** �0.5 7.5
III 0.29** 7.74 18.3 0.73** 4.8 13.0 0.71** 1.6 9.9 0.74** 1.1 9.9
IV 0.73** 1.0 3.5 0.78** 1.8 3.6 0.83** 1.2 2.3 0.71** 0.6 2.4
V 0.71** 27.8 35.3 0.58** 5.4 10.0 0.52** 4.5 9.1 0.61** 3.0 7.6

Note: * Statistically significant at the 0.05 level. ** Statistically significant at the 0.01 level.

Table 2
Trend magnitude of annual precipitation derived from gridded datasets and ob-
servations in Xinjiang during 1979e2010 (Unit: mm/year). (I) Altay Mountains; (II)
Junggar Basin; (III) Tianshan Mountains; (IV) TarimeTurpaneHami Basin; (V)
Kunlun Mountains.

Region Obs CRU Delaware GPCC NOAA

I 1.53 �0.15 0.96 1.30 0.67
II 1.03 0.49 1.33 1.81 0.76
III 2.64** 1.05 1.15 1.70* 1.01
IV 0.27 0.21 0.51 0.28 0.18
V 1.45* 0.77 0.19 0.47 0.19

Note: * Statistically significant at the 0.05 level. ** Statistically significant at the 0.01
level.
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Fig. 5 shows the spatial distribution of RMSE derived from each
datasets on seasonal and annual basis, respectively. RMSE is slightly
lower in dry winter than that in humid summer. In winter, RMSE is
less than 10 mm in most parts of southern Xinjiang, and less than
20 mm in northern Xinjiang. The largest RMSE in winter is located
in Altay Mountains and some parts of western Kunlun Mountains,
and RMSE of CRU is the largest of the four datasets. In summer, the
spatial distribution of RMSE derived from Delaware, GPCC and
NOAA is generally similar to the annual figure, in which RMSE in
Altay, Tianshan and Kunlun Mountains shows values above 70 mm.
In addition, RMSE in Junggar Basin is usually higher than that in
Tarim Basin. RMSE on an annual basis shows higher than in sum-
mer, and RMSE of CRU is generally larger than that of other datasets.

As elevation rises, MBE gradually changes from positive to
negative, and the absolute value shows increasing trend (Fig. 6).
RMSE shows an increasing trend with elevation. There is significant
underestimation by the gridded datasets in high altitude regions
and overestimation in low altitude regions. The gridded datasets
can be more effective in simulating precipitation in low-lying ba-
sins, with elevation less than 1500 m (mainly desert and scattered
oasis). Specifically, MBE in winter shows larger for the altitudes
above 2500 m, and RMSE is similar to MBE. Due to precipitation in
summer, MBE (and RMSE) shows a significant decreasing (and
increasing) trend with altitude increasing.
3.3. Comparison of interannual changes

Fig. 7 and Table 2 show long-term changes in regionally aver-
aged precipitation in the study region from 1979 to 2010. Signifi-
cant underestimates can be seen from Fig. 7a and c. In the Kunlun
Mountains, the interannual changes of observations cannot be
simulated by the gridded precipitation datasets. On an annual basis,
the increasing magnitude derived from observations in the
mountains regions is usually larger than that in low-lying basins.
The trend magnitude in Tianshan Mountains is 2.64 mm per year,
which is statistically significant at the 0.01 level. For the gridded
datasets, the trend magnitudes (ranging from 1.01 to 1.70 mm per
year) are usually lower in Tianshan Mountains. GPCC has the
nearest trend magnitude (1.70 mm per year, p < 0.05), among the
four gridded datasets. Similarly, the trend magnitudes in Altay and
Kunlun Mountains are also be underrated in the gridded datasets.
However, the changes of precipitation in these basins are all sta-
tistically non-significant.
According to the spatial distribution of observation series in
Fig. 8, during the past decades, most areas in Xinjiang have expe-
rienced a significant wetting trend on an annual basis, especially for
the mountainous regions. The wetting trend in summer is more
significant than that in winter. On an annual basis, the tendency of
increasing precipitation in Tianshan Mountains can be simulated
with most datasets, although the precipitation is generally under-
rated. However, the changes of precipitation in Kunlun Mountains
usually cannot be simulated with these gridded precipitation
datasets. In summer, the large trend magnitude in Tianshan
Mountains is usually hard to be simulated, and CRU has a very
limited area with high magnitude over 10 mm per decade.



Fig. 8. Spatial distribution of trend magnitude of winter precipitation (left column), summer precipitation (middle column) and annual precipitation (right column) derived from
gridded datasets and observations in Xinjiang during 1979e2010.
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Fig. 9 shows the correlations of trend magnitude derived from
gridded datasets and observations, respectively. The diagonal line
indicates y¼ x. Only the boxes with statistical significance in ob-
servations are considered in Fig. 9, in order to investigate if the
significant trend in observations can be simulated with the gridded
datasets. On an annual basis, almost all the points lie at the right-
bottom of the diagonal line, indicating these significant
increasing trends are generally underrated in the gridded datasets.
Inwinter, a relatively good correlation can be found, comparedwith
the annual series. However, the ranges of trend magnitude are also
limited, which is mainly between 0 and 2 mm per year. In summer,
the underestimate of gridded datasets is also very significant,
especially for CRU (without any significant boxes). Generally, the
significant trends derived from gridded datasets are closer to the
diagonal line, compared with non-significant trends.

4. Discussion and conclusion

In this study, the reliability of four newly-updated global grid-
ded precipitation datasets with resolution of 0.5� � 0.5� in Xinjiang
is investigated. Generally, the main spatial pattern and seasonal
variation of precipitation can be simulated by the four gridded
precipitation datasets. Precipitation usually is concentrated in
summer months, which can be seen from each data source
including gridded datasets and observations. Mountainous regions
have relatively more precipitation, compared with the surrounding
low-lying desert basins, although the relatively humid region in
Kunlun Mountains is not well simulated by most gridded datasets.

The precipitation at high elevations is usually underestimated
by the gridded datasets, in the Altay, Tianshan and Kunlun Moun-
tains. MBE and RMSE are used to quantify the errors of gridded
datasets. Great negative MBE can be found for the mountains,
especially for the Tianshan and Altay Mountains. RMSE for the
three mountainous regions is more than 40 mm in July, and that for
the basin regions is generally lower than 20 mm in January. As
altitude increases, the accuracy of gridded precipitation datasets
generally decreases. On a seasonal basis, the errors of gridded
precipitation datasets in summer months are generally higher than
those in other seasons, and RMSE usually shows low values during
wintertime.



Fig. 9. Correlation of trend magnitude of winter precipitation (left column), summer precipitation (middle column) and annual precipitation (right column) derived from gridded
datasets and observations in Xinjiang during 1979e2010. Only the boxes with statistical significance for the observations are shown, and the significance/non-significance of
gridded datasets at corresponding boxes is marked in different colors. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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The uneven distribution of the in-situ monitoring network of
China Meteorological Administration (CMA) has been widely re-
ported, especially in western China. The great differences of grid-
ded precipitation datasets between mountains and basins are
related with the station distribution. For example, there are few
automatic meteorological stations in Kunlun Mountains in CMA
observation network. The relatively wet climate for this region
cannot be supported by the field observations, and cannot be
interpolated without consideration of topography. In this study, the
Kunlun Mountains usually show significant errors. Similar condi-
tions also exist for all the high altitudes in Xinjiang, although the
stations in Tianshan Mountains are more numerous than those in
other two mountainous regions. Extremely arid deserts usually
have relatively lower errors compared with the mountainous re-
gions. The error of four gridded precipitation datasets presents an
increasing trend with altitude, and the simulation is better for the
regions below 1500 m a.s.l.

The simulated precipitation derived from CRU is usually far
different from other three datasets (Delaware, GPCC and NOAA).
Among the four gridded precipitation datasets, RMSE of CRU is
slightly larger than those derived from other three datasets in most
areas of Xinjiang. These gridded datasets have been widely used in
previous investigations, especially CRU (Schiemann et al., 2008;
Chen et al., 2011; Huang et al., 2013), and a research using CRU
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and GPCC shows that annual precipitation in central Asia has
increased by 0.62 mm (CRU) and 0.29 mm (GPCC) per decade from
1901 to 2009, respectively (Harris et al., 2014). In spite of the
different trend magnitudes derived from different gridded datasets
has been shown in this paper, all the increasing rates are under-
rated. In order to acquire scientific knowledge of long-term pre-
cipitation trend using gridded datasets, comparison with
observations is needed. Because of the different procedures of data
interpolation and/or assimilation, the mean and trend magnitude
derived from gridded datasets should be treated with caution.
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