
Research Article
Evaluation of TRMM Multisatellite Precipitation Analysis in
the Yangtze River Basin with a Typical Monsoon Climate

Zengxin Zhang,1,2 Qiu Jin,1 Xi Chen,3 Chong-Yu Xu,4,5 Sheng Chen,6

Elica M. Moss,7 and Yuhan Huang1

1 Joint Innovation Center for Modern Forestry Studies, College of Biology and the Environment, Nanjing Forestry University,
Nanjing 210037, China
2State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute of State Oceanic Administration,
Hangzhou 310012, China
3State Key Laboratory of Hydrology-Water Resources and Hydraulics Engineering, Hohai University, Nanjing 210098, China
4State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China
5Department of Geosciences, University of Oslo, 0316 Oslo, Norway
6Hydrometeorology and Remote Sensing Laboratory and School of Civil Engineering and Environmental Science,
University of Oklahoma, Norman, OK 73072, USA
7Department of Biological and Environmental Sciences, Alabama A&M University, Normal, AL 35762, USA

Correspondence should be addressed to Zengxin Zhang; nfuzhang@163.com

Received 15 March 2016; Revised 29 July 2016; Accepted 25 October 2016

Academic Editor: Roberto Fraile

Copyright © 2016 Zengxin Zhang et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Satellite-based precipitation products are expected to offer an alternative to ground-based rainfall estimates in the present and the
foreseeable future. In this paper, we evaluate the performance of TRMM 3B42 precipitation products in the Yangtze River basin
for the period of 2003∼2010. The results are as follows: (1) the performance of RTV7 (V7) products is generally better than that
of RTV6 (V6) in the Yangtze River basin, and the percentage of best performance (bias ranging within −10%∼10%) for the annual
mean precipitation increases from21.72% (54.79%) to 36.70% (59.85%) as the RTV6 (V6) improved to the RTV7 (V7); (2) the TMPA
products have better performance in the wet period than that in the dry period in the Yangtze River basin; (3) the performance
of TMPA precipitation has been affected by the elevation and a downward trend can be found with the increasing elevation in
the Yangtze River basin. The average CC between the V7 and observed precipitation in July decreases from 0.71 to 0.40 with the
elevation of gauge stations increasing from 500m below to 4000m above in the Yangtze River basin. More attention should be paid
to the influence of complex climate and topography.

1. Introduction

Seasonal and interannual climate variability in the subtropi-
cal humid monsoon region is mainly determined by changes
in precipitation [1]. Accurate precipitation datawith high spa-
tial and temporal resolution are deemed necessary for various
fields of research, such as climate change, water resources
management, and meteorological disaster prevention [2–
5]. Although rain gauges are considered as the standard
for measuring precipitation, the rain gauge network is still
insufficient across large areas worldwide, and the remotely
sensed information about precipitation becomes one of the

main sources of reliable and continuous data [6, 7]. Thus
satellite-based precipitation products are expected to offer
an alternative to ground-based precipitation estimates in the
present and the foreseeable future [8]. For this purpose,
the quality and applicability of satellite-based precipitation
products need to be evaluated [9].

Satellite-based precipitation products offer a potential
alternative or supplement to ground-based rainfall estimates
over sparsely gauged or ungauged basins [6, 7, 10–13]. As
the Tropical Rainfall Measuring Mission (TRMM) satellite
completes more than a decade of operation, it has provided
researchers throughout the world with a large volume of
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rainfall data for the validation of atmospheric and climate
models [14].The TRMM products include the near-real-time
products, that is, 3B42RT Version 6 and Version 7 (hereafter
RTV6 and RTV7) estimates and the research products of
3B42Version 6 andVersion 7 (hereafter V6 andV7) estimates
[15, 16]. TRMM rainfall products have been widely used in
the fields of hydrology, meteorology, and agricultural science
[17–19].

In recent years, comparisons between the TRMM rainfall
products and rain gauge observations have been made in
different climate regions in the world [20–25]. Tong et al. [26]
revealed that the TRMM 3B42V7 precipitation data have a
better performance than that of RTV7 and PERSIANN in
different climate zones. Collischonn et al. [27] found that
the TRMM 3B42 rainfall data could be considered reliable
in the Tapajo’s basin and Amazon basin, Brazil. For the
RTV6 and RTV7 products, Chen et al. [14] showed that
the TRMM 3B42RT rainfall data had a high precision and
a good correlation with the observed precipitation in the
humid subtropical Pearl River basin, China, at the basin scale.
For the V6 and V7 products, Gu et al. [28] found that the
V6 rainfall product was reliable and had good precision in
the Yangtze River basin, China, and the TRMM rainfall data
estimates could well represent the seasonal changes between
wet and dry periods. Chen et al. [29] reported that V7 was
adequate at detecting intense tropical cyclone rainfall in the
tropic Pacific basin. Zhao et al. [30] also found that there were
good linear relationships between V7 and rain gauge data in
the arid and humid transition region-Weihe River catchment,
Yellow River basin.

Differences between the near-real-time products (RTV6
and RTV7) and research products (V6 and V7) have been
reported. Qiao et al. [31] assessed the successive V6 and V7
TMPA (TRMM multisatellite precipitation analysis) rainfall
products over the climate-transitional zone in the southern
Great Plains, USA. As the V7 products are likely to be the
last ones for TMPA data released in early 2013, V7 corrects
the widespread rainfall underestimation from V6, and this
improvement was more pronounced in the relatively dry
basin. Yong et al. [32] reported that V7 product generally
performs better than the original V6 over the high-latitude
Laohahe basin and the low-latitude Mishui basin at both
daily and monthly scales. Xue et al. [19] revealed that the V7
algorithm had significantly upgraded from V6 in precipita-
tion accuracy.

However, accuracy of theTRMMprecipitation data varies
in different areas and seasons and across different spatiotem-
poral scales. Khan et al. [33] suggested that the best agreement
between theV7 and gauge observationswith correlation coef-
ficient values ranged from moderate (0.4) to high (0.8) over
the spatial domain of Pakistan, and the seasonal variation of
rainfall frequency had large biases (100%∼140%) over high
latitudes (36∘N)with complex terrain for daily,monsoon, and
premonsoon comparisons. Habib et al. [34] reported that the
TMPA products tended to overestimate small rain rates and
underestimate large rain rates over Louisiana,USA. Islam and
Uyeda [35] found that 3B42 rainfall data overestimated the
rainfall during the premonsoon period in dry regions but
underestimated it during the monsoon period in wet regions

over Bangladesh. Li et al. [36] stated that daily TRMMrainfall
data could not describe the occurrence and contribution
rates of precipitation accurately in Poyang Lake basin, China.
Almazroui [37] highlighted a general overestimation in the
satellite products over Saudi Arabia. Liu [38] examined the
differences between V6 and V7 on a global scale and found
that although both V6 and V7 showed a good agreement in
moderate and heavy rain regimes, there existed systematic
differences between them. Thus, more studies are of impor-
tance in further understanding the impacts of climate and
topography on the evaluation of TMPAproducts in theworld.

The Yangtze River originates from the Qinghai-Tibet
Plateau and flows across three distinct terrains from the
headwater region to the East China Sea at Shanghai city, with
a 7000m elevation drop [39]. Most of the Yangtze River basin
is dominated by the subtropical monsoon climate [39]. The
Yangtze, the longest river in China, has been subjected to
flooding throughout history [40]. Although there are hun-
dreds of gauge stations in the Yangtze River basin, the gauge
network is still insufficient in the basin especially in the upper
Yangtze reaches due to its high elevation and complex terrain
[41]. Additionally, the most widely used rain gauge stations
are distributed sparsely and unevenly [42, 43]. Several studies
have been made in the Yangtze River basin in evaluating the
performance of the TMPA products. For example, Hao et al.
[41] reported that TRMM RTV7 significantly overestimates
the precipitation over the upper Yellow and Yangtze River
basins. Gao and Liu [40] also found that the TMPA products
had better agreement with gauge measurements over humid
regions than that over arid regions in the Tibetan Plateau.
Moreover, biases of TMPA present weak dependence on
topography, while biases of TMPARTpresent dependence on
topography which indicated that topography and variability
of elevation and surface roughness played important roles in
explaining the bias of TMPA products.

Although the TRMM multisatellite precipitation data
have been extensively evaluated inmany areas in recent years,
the knowledge of the impacts of complex topography on the
precipitation in a humid monsoon area is limited [8]. The
scientific questions to be investigated in this paper include
the following: (1) does the V7 improve the precipitation
evaluation in the Yangtze River basin compared to V6? (2)
do the different monsoon climates impact the precipitation
precision in the upper and mid-lower Yangtze reaches? (3)
do the different topographies between plateau region and
the East China plains have significant influence on the
precipitation precision of the TMPA products in the Yangtze
River basin? In this study, we attempt to address these prob-
lems based on thorough analysis of observed and TMPA pre-
cipitation datasets over the Yangtze River basin. This study is
of importance in further understanding the impacts of mon-
soon and complex topography on the precipitation assess-
ment in a large river basin scale.

2. Data and Methods

2.1. Study Area. The Yangtze River is the longest river in
China and the third longest river in the world. The river
is about 6300 km long and the basin lies between latitudes
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24∘N and 36∘N and longitudes 90∘E and 122.5∘E with an
area of 1,800,000 km2 that accounts for about one-fifth of
China’s territory [28]. The annual mean gross amount of
water resources of the Yangtze River basin is 976 km3 [44].
The importance of the Yangtze River lies not only in its geo-
graphical position, sheer size, and complex geomorphology,
but also in the way that the river plays an important role
in the regional water cycle, energy balance, climate change,
and ecosystems as well as in China’s economic and social
development [39]. Three types of monsoon prevail in the
Yangtze River basin. In winter, the entire Yangtze River basin
is under the control of the Siberian northwest monsoon. In
summer, the East Asia monsoon predominantly influences
the middle and lower reaches, while the Indian southwest
monsoon mainly influences the upper reaches. The Indian
and the East Asianmonsoon systems are independent of each
other and, at the same time, interact with each other [45, 46].
Climatically, the southern part of the basin is adjacent to the
tropical zone and the northern part is close to the temperate
zone, across the low-latitude region and mid-latitude region.

2.2. Precipitation Data. The TMPA precipitation estimates
are based primarily on a combination of microwave (MW)
and merging infrared (IR) estimates from multiple satellites
[34]. The 3B42 TMPA datasets used in this study were
downloaded from the NASA website (https://trmm.gsfc.nasa
.gov/). It has a high temporal (3 h) and spatial (0.25∘ ×0.25∘) resolution. The 3B42 TMPA dataset is available in two
versions: a research-quality product (3B42) released 10∼15
days after each month, covering the global latitude belt from
60∘N to 60∘S, and a near-real-time product (3B42RT), which
is released approximately 9 h after real-timewith the coverage
of the latitude belt from 50∘N to 50∘S. The main differences
between the two versions are the use of the rain gauge data
for bias reduction, which are unavailable in the real-time
products [34, 47].

Daily rainfall data of eight years (2003∼2010) from 224
rain gauge stations in the Yangtze River basin shown in
Figure 1 is compared with the TRMM rainfall data to evaluate
the quality of TRMMrainfall estimates at different spatial and
temporal scales. The readers should bear in mind that the
gauges used in the observed precipitation might not be com-
pletely independent of those used in V6/V7 since data
from some rain gauge stations could be in both of datasets
according to the China Meteorological Administration.

2.3. Statistical Indices. Statistical indices are widely used to
evaluate the performance of TMPA precipitation products
against the rain gauges; four validation statistical indices
are selected in this study. These are the relative bias (Bias),
correlation coefficient (CC), root mean square error (RMSE),
and Error, defined, respectively, by the following equations:

Bias = [∑𝑛𝑖=1 SIM𝑖 − ∑𝑛𝑖=1OBS𝑖∑𝑛
𝑖=1

OBS
𝑖

] × 100%,

CC = ∑𝑛𝑖=1 (OBS𝑖 −OBS)∑𝑛𝑖=1 (SIM𝑖 − SIM)√∑𝑛
𝑖=1
(OBS

𝑖
−OBS)2∑𝑛

𝑖=1
(SIM
𝑖
− SIM)2

,

RMSE = √∑𝑛𝑖=1 (OBS𝑖 − SIM𝑖)2𝑛 ,
Error = OBS

𝑖
− SIM

𝑖
,

(1)

where OBS
𝑖
is the observed precipitation; SIM

𝑖
is the TMPA

precipitation; OBS denotes themean of the gauge station pre-
cipitation; SIM denotes the mean of the TMPA precipitation;
and 𝑛 is the amount of daily precipitation in the analysis.

3. Results

3.1. Spatial and Temporal Variation of TMPA Products in the
Yangtze River Basin. Figure 2 shows the spatial distribution
of annual mean precipitation in Yangtze River basin from
observed and TMPA data during the period of 2003∼2010.
Observed annual mean precipitation decreases from south-
east (>2000mm/a) to northwest (<400mm/a) (Figure 2(e)).
Comparatively, the spatial distributions of precipitation of
the V6 and V7 (Figures 2(b) and 2(d)) are similar to that
of observed precipitation (Figure 2(e)) and the percentage of
best performance (bias ranges from −10% to 10%) reaches
54.79% and 59.85% for V6 and V7, respectively (Table 1).
However, both of the RTV6 and RTV7 tend to overestimate
precipitation over the upper Yangtze River basin and the
percentage of overestimating (bias > 50%) reaches 29.74%
and 33.51% for the RTV6 and RTV7, respectively. While they
underestimate precipitation in the middle and lower Yangtze
River basin, the percentage of underestimating (bias < −10%)
for the RTV7 in the middle and lower Yangtze River basin is
12.14% while it sums up to 79.11% for the RTV6.

The relative precipitation bias of the TMPA estimates
against the interpolated observed data for the average annual
precipitation is shown in Figure 3. The larger positive pre-
cipitation bias can be found in the upper Yangtze reaches
and negative precipitation bias appears in the mid-lower
Yangtze reaches for the RTV6 product (Figure 3(a)), and the
performance of the RTV7 has been significantly improved
in comparison with that of RTV6 in terms of magnitude of
the bias (Figure 3(c)). For example, the percentage of best
performance (ranging within −10% ∼10%) for the RTV7
product is 36.70%, which is higher than that of the RTV6with
the percentage of 21.72% over the entire Yangtze River basin
(Table 1). It also shows that, in themid-lower Yangtze reaches,
the best performance for the RTV7 is much better than that
of the upper Yangtze reaches. In other words, there has been a
marked improvement for the RTV7 in themid-lower Yangtze
reaches and an improvement for the evaluation of the RTV7
in the upper Yangtze reaches comparedwith that of the RTV6
products. Not surprisingly, both the V6 and V7 (Figures 3(b)
and 3(d)) have similar spatial patterns of precipitation biases
in the Yangtze River basin and most of the precipitation bias
ranges from −10% to 10% for both of them (Table 1).

Figure 4 shows the changes of monthly mean precipita-
tion for the observed and TMPA products in the Yangtze
River basin from 2003 to 2010. It can be seen that both
the V6 and V7 products capture the seasonal variabilities
of the observed precipitation better than that of the RTV7
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Figure 1: Location of the Yangtze River basin and gauge stations.

and RTV6 products do. The RTV7 and the RTV6 products
overestimate the precipitation in the upper Yangtze reaches
especially in the dry period, while underestimating the
precipitation in the mid-lower Yangtze reaches.

For the monthly mean precipitation between the
observed and TMPA products (Figure 5), it is clear that the
observed monthly precipitation maximum appears in June

in the mid-lower Yangtze reaches and one month earlier
than that in the upper Yangtze reaches. All of the TMPA
products agree well with themonthly changes of the observed
precipitation in the Yangtze River basin. However, the RTV6
product overestimates precipitation in winter and spring
in the upper Yangtze reaches and the RTV7 overestimates
precipitation in summer in the mid-lower Yangtze reaches.
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Figure 2: Spatial distribution of average annual precipitation in Yangtze River basin for the TMPA and observed data from 2003 to 2010.

Table 1: Distributions of Bias for rainfall estimates from TMPA in the upper Yangtze, mid-lower Yangtze, and the entire Yangtze (Unit: %).

Area TMPA <−50 −50∼−31 −30∼−11 −10∼10 11∼30 31∼50 >50
The upper Yangtze

RTV6 0 3.44 25.56 23.60 9.91 7.75 29.74
V6 0.27 5.39 36.88 47.54 9.58 0.34 0

RTV7 0.13 0.40 12.81 24.88 20.50 7.75 33.51
V7 0.13 2.90 31.09 52.66 12.88 0.27 0.07

The mid-lower Yangtze

RTV6 0 16.85 62.26 19.38 1.52 0 0
V6 0 0.17 18.28 63.86 17.69 0 0

RTV7 0 0.51 11.63 51.47 30.50 5.64 0.25
V7 0 0.17 12.89 68.83 18.03 0.08 0

The entire Yangtze

RTV6 0 9.40 41.87 21.72 6.18 4.31 16.52
V6 0.15 3.07 28.61 54.79 13.18 0.19 0

RTV7 0.07 0.45 12.28 36.70 24.94 6.82 18.73
V7 0.07 1.69 23.00 59.85 15.17 0.19 0.04

3.2. Variation of the Precipitation under the Influence of
Monsoon Climate. East Asian monsoon is difficult to arrive
in the upper Yangtze reaches, especially the headwater areas
in the Yangtze River [46]. However, the upper Yangtze
reaches are adjacent to the India monsoon regions where

the precipitation could be affected by the India monsoon
[39, 48]. Some areas in the upper Yangtze reaches are located
in the Tibet Plateau which is affected by the plateau climate.
Therefore, the Yangtze River basin is affected by three types
of monsoon, winter monsoon, East Asian summer monsoon,
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Figure 3: The relative bias of the TMPA precipitation estimates against the interpolated observed precipitation data for the average annual
precipitation in the Yangtze River basin.

and Indian summer monsoon [49, 50]. In winter, the entire
Yangtze River basin is mainly controlled by the Siberian
northwest monsoon, while in summer the upper Yangtze
reaches are mainly affected by India monsoon, and the mid-
lower Yangtze reaches are usually dominated by the East
Asian monsoon. The temporal and spatial distributions of
the rain zone in the Yangtze River basin are closely related
to monsoon activities and seasonal motion of subtropical
highs [51].Normally, the summermonsoon starts to influence
the Yangtze River Basin in April and retreats in October
[46]. According to the monthly mean precipitation in the
Yangtze River basin during the period of 2003∼2010, dry
period (fromNovember toMarch) andwet period (fromMay
to September) were defined in this paper.

Since the Asia monsoon has obviously seasonal variation
characteristics, the correlations between TMPA products
and observed precipitation in different seasons have been
calculated. Figure 6 shows the density-colored scatter plots
of TMPA versus observed daily precipitation data for the
dry period and wet period in the Yangtze River basin. There
are significant correlations between the TMPA products and
observed precipitation in theYangtze River basin (statistically
significant at the 99% confidence level). Higher CC values
can be found between the TMPA products and the observed
precipitation for each of the TMPA products in the wet
periods than that of dry periods in the Yangtze River basin.
However, the RSME of the TMPA precipitation estimates
against the observed precipitation is generally smaller for the
dry periods than that of the wet periods in the Yangtze River
basin. It can be found that an obvious improvement of the
RTV7 product has been made over the RTV6 product. The
correlations between the RTV7 and observed precipitation

are higher than that of RTV6 in both the wet periods and
dry periods in the upper and mid-lower Yangtze reaches,
respectively. Overall, the V7 products have the higher CC
value and smaller Bias and RMSE in the wet periods and dry
periods than that of V6 product over the Yangtze River basin.
Nevertheless, there is still systematic bias for the V7 products
as the fitted lines (red lines in Figure 6) deviated from the
lines in 45∘ angle (blue lines in Figure 6), especially in the
upper Yangtze reaches for the dry period.

Figure 7 can be used to further identify the precision of
different monsoon precipitation estimates from the TMPA
precipitation products, for example, East Asian summer
monsoon precipitation seen from Figure 7 in July and located
in the lower elevation area (at 500m above sea level),
Indian summer monsoon seen from Figure 7 in July and
located in the Tibet Plateau over 4000m above sea level,
and the Siberian northwest monsoon seen from Figure 7 in
January. Generally, all the TMPA precipitation products give
a more reliable estimation of East Asian summer monsoon
precipitation (CC ranges 0.39∼0.90 as for V7) than that of
the Indian summer monsoon precipitation (CC ranges 0.27∼
0.89 as for V7), and the reliability of the TMPA precipitation
products in estimation of the Siberian northwest monsoon
precipitation decreases as the elevation increases.

3.3. Variation of the Precipitation with Elevation. Evaluation
of the TMPA precipitation products with the changes of
elevation is also shown in Figure 7. Overall, the performance
of TMPA precipitation estimation shows a downward trend
with the increasing elevation in the Yangtze River basin in
different seasons. Higher correlations between the TMPA
products and observed precipitation can be found in the
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Figure 4: The comparison between the monthly observed and TMPA products precipitation from 2003 to 2010. ((a), the upper Yangtze; (b),
the mid-lower Yangtze; (c), the entire Yangtze).

lower elevation areas, while lower correlations appear in the
higher elevation areas in April, July, and October. Highest
correlations between V7 product and observed precipitation
can be found in the lower elevation areas in July and its
CC value is as high as 0.90. As for V7 product, there are
114 stations located in the middle and lower Yangtze River
basin within 500m above sea level and the CC (V7 versus
Obs) ranges 0.48∼0.90, while 22 stations scatter in this area
500m high and the CC ranges 0.39∼0.86 in July. However,
there are 26 stations located in the upper Yangtze River basin
500mbelowwith theCC ranging from0.41 to 0.93; 61 stations
scatter in this area 500∼4000mhigh and the CC ranges 0.27∼
0.89, while 6 stations are located 4000m high with the CC
ranging within 0.27∼0.50.

Figure 8 shows the changing of correlation coefficient
of daily mean TMPA products and observed precipitation
data with elevation. It seems that the downward trend of the
correlation coefficient is found with the increasing elevation.
The most rapid decline is found for RTV6 and the slowest
downward trend can be found for V7.

To better understand the changes of CC between the
TMPA products and observed precipitation with elevation,

the correlations between the TMPA products and observed
precipitation of 8 tributaries of the Yangtze River basin were
summarized in Table 2. We can find that the correlations
appear higher in the lower river basin and then decrease from
the lower river basin to the higher river basin as a whole. The
lowest correlations appear in the Jinsha River basin with the
highest average elevation of 2700mabove sea level.Moreover,
higher correlations can be found in the Jialing River basin
with lower elevations, which are also located in the upper
Yangtze reaches. It was also found that the performance of
TRV7 (V7) is better than that of TRV6 (V6) in both the lower
and higher river basins. The results reveal that the impacts of
elevation should be considered when using TMPA products.

4. Discussion

Precipitation variability becomes essential to reveal the
changing features of the monsoon climate as satellite-based
precipitation products are highly valued along with the
development of the remote sensing technology in recent years
[6, 7]. With the previous analysis results, the TMPA products
have become more reliable in estimating the precipitation in
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Figure 5: The same as Figure 4, but for the average monthly mean precipitation.

Table 2: The correlation coefficient between the TMPA products and observed precipitation of 8 tributaries of the Yangtze River.

Tributaries
(elevation, m)

Taihu Lake
(22)

Poyang Lake
(137)

Dongting
Lake (287)

Han River
(480)

Jialing River
(484)

Wujiang
River (1011)

Mintuo River
(1670)

Jinsha River
(2713)

RTV6 0.51 0.62 0.60 0.61 0.63 0.61 0.54 0.48
V6 0.63 0.68 0.69 0.68 0.70 0.69 0.64 0.61
RTV7 0.61 0.70 0.69 0.66 0.69 0.68 0.61 0.57
V7 0.65 0.69 0.70 0.70 0.72 0.71 0.65 0.63

the Yangtze River basin as the RTV6 improved to the RTV7
and the V6 to V7.The performance of the RTV7 (V7) precip-
itation products is generally better than that of RTV6 (V6),
which is in agreement with previous studies. However, there
exist systematic differences between TMPA products and
observed precipitation. Both of the RTV6 and RTV7 over-
estimate the annual mean precipitation in the upper Yangtze
reaches and they underestimate the precipitation in the mid-
lower Yangtze reaches. However, the percentage of underes-
timating (bias < −10%) for the RTV7 in the middle and lower
Yangtze River basin is significantly less than that of RTV6.

The monsoon climate might have significant impacts
on the precipitation evaluation in the Yangtze River basin.
The TMPA products have better performance to reveal the
features of summer monsoon precipitation than that of
winter monsoon in the Yangtze River basin. Higher CC
values can be found between the TMPA products and the
observed precipitation for each of the TMPA products in
the wet periods than that of dry periods in the Yangtze
River basin. The V7 product has the higher CC value in
the wet period than that of dry period in the Yangtze
River basin. Nevertheless, there is still systematic bias for
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Figure 6: Scatter plots of TMPA versus observed daily mean precipitation for the dry period and wet period in the Yangtze River basin.

the V7 product, especially in the upper Yangtze reaches
for the dry period. Similar results also can be found in
previous studies; for example, Gao and Liu [40] revealed
better agreement with gauge measurements over humid
regions than that over arid regions in the Tibetan Plateau.
Gu et al. [28] reported that the TRMM V6 data slightly
overestimated rainfall during the wet season and underes-
timated rainfall during the dry season in the Yangtze River
basin. Islam and Uyeda [35] indicated that the V5 data over-
estimated the rainfall during the premonsoon period and in

dry regions but underestimated it during themonsoon period
and in wet regions.

A noticeable improvement in satellite-based precipita-
tion products has been made. Montero-Mart́ınez et al. [52]
conducted an evaluation of precipitation estimations in a
complex topography and high elevation and they found that
2B31 TRMM data could be used in weather applications for
the area with complex topographical characteristics and also
as a tool in the diagnosis of individual rain events in other
regions where there were no other data sources available.



10 Advances in Meteorology

0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000
Elevation (m)

C
or

re
lat

io
n 

co
effi

ci
en

t

Jan
Apr

Jul
Oct

(a) RTV6

0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000
Elevation (m)

C
or

re
lat

io
n 

co
effi

ci
en

t

Jan
Apr

Jul
Oct

(b) RTV7

0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000
Elevation (m)

Jan

C
or

re
lat

io
n 

co
effi

ci
en

t

Apr
Jul
Oct

(c) V6

C
or

re
lat

io
n 

co
effi

ci
en

t

Jan
Apr

Jul
Oct

0

0.2

0.4

0.6

0.8

1

0 1000 2000 3000 4000 5000
Elevation (m)

(d) V7

Figure 7: Seasonal distribution of correlation coefficient of TRMM precipitation and observed data with elevation.

While Yong et al. [32] thought the RTV7 represented a sub-
stantial improvement over the RTV6 in the low-latitude
Mishui basin, such improvement was not found in the high-
latitude Laohahe basin, which suggested that the RTV7 pre-
cipitation estimates still have much room for improvement at
high latitudes.

The performance of TMPA precipitation estimation
shows a downward trend with the increasing elevation in the
Yangtze River basin in different seasons. The CC values vary
from 0.41∼0.93 (500m below) to 0.27∼0.89 (500∼4000m
high) and 0.27∼0.50 (4000m high) in July in the upper
Yangtze reaches. Many studies indicated that the satellite-
based precipitation has larger measurement uncertainties
over complex terrains, inland water bodies, and high-latitude
areas [40, 42], as the analysis by Gao and Liu [40] found that
biases of TMPA and CMORPH present weak dependence
on topography in the Tibetan Plateau, while Dinku et al.

[53] stated that satellite-based precipitation estimation is
controlled by the orography. Gao and Liu [40] inferred
that positive bias in TMPA RT products over the Tibetan
Plateau may be attributable to the impact of topography
on IR observations. Moreover, Gebregiorgis and Hossain
[54] indicated that satellite rainfall uncertainty is dependent
more on topography than the climate of the region in some
areas.

5. Conclusions

The main objective of this study is to quantify evaluation
of different TMPA precipitation products by using rain
gauge data for the years of 2003∼2010. We evaluated and
compared the statistical characteristics of RTV6 (V6) and
RTV7 (V7) over the Yangtze River basin. The main findings
are summarized as follows.
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Figure 8: The correlativity between elevation and correlation coefficient of TRMM precipitation and observed data.

Both V6 and V7 have similar spatial patterns of precipi-
tation biases in the Yangtze River basin and most of the pre-
cipitation bias ranges from −10% to 10%.The performance of
the RTV7 (V7) precipitation products is generally better than
that of RTV6 (V6) and the percentage of best performance
for the RTV7 (V7) products is 36.70% (59.85%), while it is
21.72% (54.79%) for the RTV6 (V6) over the entire Yangtze
River basin.

The monsoon climate might have significant impacts
on the precipitation evaluation in the Yangtze River basin.
Higher CC values can be found between the TMPA products
and the observed precipitation during the wet period (CC
ranges 0.75∼0.91) than that of the dry period (CC ranges
0.46∼0.87) in the Yangtze River basin, and average CC value
between TMPA products and observed precipitation is 0.67
in July and it is 0.32 in January for the entire Yangtze River
basin.

The performance of TMPA precipitation might be
affected by the elevation in the Yangtze River basin. A
downward trend for performance of the TMPAproducts with
the increasing elevation can be found in the Yangtze River
basin in different seasons. The correlation coefficient (CC)

between the V7 and observed precipitation ranges 0.41∼0.93
and 0.27∼0.89 in the upper Yangtze reaches 500m below and
500∼4000m high, respectively, while the CC decreases to
0.27∼0.50 when the stations are located 4000m high.

This paper addresses knowledge gaps from previous
studies by assessing the impacts of monsoon climate and
elevation on the evaluation of TMPA precipitation products
in the Yangtze River basin.The results quantify the evaluation
of TMPA precipitation products based on different time scale
in different areas in the Yangtze River basin. Outcomes of
this work are expected to assist in answering the question
regarding the performance of satellite precipitation in a
complex climate and topography area.
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