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Hydrologic assessment of the TMPA 3B42-V7 product in a
typical alpine and gorge region: the Lancang River basin,
China
Zhaoli Wang, Jiachao Chen, Chengguang Lai, Ruida Zhong,
Xiaohong Chen and Haijun Yu

ABSTRACT
To evaluate the accuracy and applicability of the TMPA 3B42-V7 precipitation product for the Lancang
River basin, we used different statistical indices to explore the performance of the product in
comparison to gauge data. Then, we performed a hydrologic simulation using the Variable Inﬁltration
Capacity (VIC) hydrological model with two scenarios (scenario I: streamﬂow simulation using gaugecalibrated parameters; scenario II: streamﬂow simulation using 3B42-V7-recalibrated parameters) to
verify the applicability of the product. The results of the precipitation analysis show good accuracy of
the V7 precipitation data. The accuracy increases with the increase of both space and time scales,
while time scale increases cause a stronger effect. The satellite can accurately measure most of the
precipitation but tends to misidentify non-precipitation events as light precipitation events
(<1 mm/day). The results of the hydrologic simulation show that the VIC hydrological model has good
applicability for the Lancang River basin. However, 3B42-V7 data did not perform as well under
scenario I with the lowest Nash–Sutcliffe Coefﬁcient of Efﬁciency (NSCE) of 0.42; scenario II suggests
that the error drops signiﬁcantly and the NSCE increases to 0.70 or beyond. In addition, the
simulation accuracy increases with increased temporal scale.
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INTRODUCTION
Accurate precipitation data, especially featuring high accuracy

et al. ), whereas the data from ground-based radars are fre-

and spatial-temporal resolution, are vital for hydrologic simu-

quently impacted by the terrain and electronic signals. In such

lations, water resource management, ﬂood and drought

a case, it is still difﬁcult to obtain completely reliable and accu-

disaster forecasts, and other relevant studies (Collischonn

rate precipitation data, even when spatial interpolation

et al. ; Hou et al. ). Currently, the traditional precipi-

methods are used (Li ; Teegavarapu et al. ; Plouffe

tation data are mainly obtained from gauge observations and

et al. ; Tesemma et al. ), especially for alpine and

ground-based radar measurements. However, the gauge

gorge regions (Yang et al. ).

measurement is typically affected by its spatial distribution

Beneﬁtting from technological progress, a series of high-

as well as by the density of station networks (Li ; Li

resolution satellite-based precipitation products have been
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developed during recent decades, such as the Precipitation

; Xue et al. ). Additionally, the V7 product has better

Estimation from Remotely Sensed Information using Artiﬁ-

performance in various measuring indices compared to

cial Neural Networks (PERSIANN) (Hsu et al. ),

CMORPH, PERSIANN, and Global Satellite Mapping of

Tropical Rainfall Measuring Mission (TRMM) Multi-satellite

Precipitation (Guo et al. ; Salio et al. ; Duan et al.

Precipitation Analysis (TMPA) products (Huffman et al.

). Still, the accuracy of the product needs to be improved

), Integrated Multi-satellite Retrievals for Global Pre-

because the satellite uses electromagnetic waves, which may

cipitation Measuring (IMERG) products (Hou et al. ),

be severely altered by precipitous terrain (Curtis et al. ;

and the Climate Prediction Center Morphing (CMORPH)

Aghakouchak et al. ). Overall, the 3B42 products,

method ( Joyce et al. ), which provide new data sources

especially the V7 version, have high application value and

for hydrological and meteorological research. The TRMM,

considerable development prospects. However, the data col-

including TRMM Microwave Imager, Precipitation Radar,

lection and precipitation inversion process are strongly

Visible and Infrared Radiometer, Clouds and Earth’s Radi-

inﬂuenced by many factors (e.g. topography and weather

ant Energy System, and Lighting Imaging System, was

conditions); under this circumstance, the accuracy and

cooperatively designed and developed by the US National

applicability in certain speciﬁc regions need to be further

Aeronautics and Space Administration (NASA) and the

investigated, especially for alpine and gorge regions (Liu

Japan Aerospace Exploration Agency. Enormous amounts

et al. ).

of data have been accumulated since the satellite was

For the hydrological utility, the 3B42 products have

launched on November 28th, 1997 (Simpson et al. ;

superior performance in basins with relatively plain terrain,

Huffman et al. ; Rui ). As the representative product

including the Ganges-Brahmaputra River basin (Siddique-E-

of the TRMM, the TMPA 3B42 provides two products: the

Akbor et al. ), the Amazon River basin (Collischonn

post-process TMPA 3B42 product and the near-real-time

et al. ), and the Gilgel Abay River basin (Bitew &

TMPA 3B42RT product. The post-process product and the

Gebremichael ). Additionally, in a typical rainstorm

near-real-time product enable a high spatial resolution of

area (Hu et al. ) and plateau and mountainous areas

0.25 and a coverage from 50 S-50 N to 60 S-60 N,

(Meng et al. ), TMPA 3B42 products also showed

respectively. The data of the near-real-time product is

good performance. Current studies suggest that the TMPA

directly derived from satellites with slight calibration,

3B42 products feature wide-coverage applicability and

using non-TRMM data obtained from multiple sensors,

have a good hydrologic model adaptation in most basins

and thus, it can be available in near-real time (about 9 h

across the world. However, the hydrological utility of

after the observation); the post-process product is re-cali-

3B42 products in a basin featuring typical alpine and

brated from pure satellite estimates based on monthly

gorge regions remains to be determined and tested. If the

surface rain gauge data, and hence, it would be made

product still presents good hydrologic model adaptation in

public much later than 3B42RT (10–15 days after the end

such a basin, it would have profound signiﬁcance for the

of each month) (Huffman et al. ). Under this circum-

wide use of the V7 product.

stance, the 3B42 product can provide more accurate and
reliable precipitation data.

As the seventh longest river in the world, the Lancang
River (upstream of the Mekong River) originates from the

The latest version of the 3B42 product, TMPA 3B42-V7

Qinghai Province of China, successively ﬂowing through

(hereafter simply referred to as V7), uses the latest version of

the countries of Myanmar, Laos, Thailand, Cambodia, and

the re-calibrated algorithm and was released in June 2012.

Vietnam. The water resources of this river greatly affect

The accuracy of the V7 product was generally improved

the economic development and social stability of Southwest

and the bias for low latitude humid areas was reduced com-

China and the Southeast Asian countries. Accordingly, it is

pared to the previous V6 version (Huffman et al. , ;

necessary to master the changing hydrologic situation to

Li et al. ; Yong et al. ; Liu ; Prakash et al. ).

legitimately develop the water resources. The Lancang

The effects on hydrologic simulations of the V7 version are

River basin features extremely complex underlying surfaces,

also considered to exceed those of the V6 version (Liu et al.

including plateaus, snowﬁelds, steep mountains, and
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arduous canyons. The arduous canyons of the upper and

of 30.6 × 109 m3. In contrast to its abundant hydrological and

middle reach constitute the renowned and typical ‘V’ type

biological resources, the observational data of this basin is

canyon. Limited by the adverse topography and climate,

insufﬁcient. The Lancang River (93 500 ∼ 99 400 E, 25 300 ∼

only a few national meteorological stations have been estab-

33 500 N) ﬂows across eight latitudes and can be characterized

lished in the basin until now; most of the national stations

as a typical long-narrow basin shape. The river ﬂows through

are located at low altitude and at easily accessible places,

many landform types, including plateaus and mountains that

while the upper and middle reaches of the basin distribute

feature perennial snow cover, and gorge regions characterized

bare sites, resulting in poor representation of the precipi-

by an average slope gradient of 4.2‰. The overall difference in

tation data (Zeng & Li ). Under this circumstance,

elevation is more than 5,000 m from north to south, creating

searching spatially-continuous high-resolution data and a

rich hydropower resources. Other features, such as the snow-

reliable precipitation data source is of great importance for

melt water supply, three parallel rivers, and great change of

this basin. Considering the signiﬁcant advantages and wide

snowline, further add to the uniqueness of this basin in the

applications, the V7 data may be a good choice for this

world. Accordingly, the Lancang River basin can be a challen-

basin and could provide a potential tool for obtaining

ging study area for the V7 product.

more accurate precipitation data. However, as mentioned

As shown in Figure 1, this study divided the Lancang

before, most of the studies on TRMM were conducted in

River basin into 188 grids with a resolution of 0.25 .

relatively ﬂat and open terrain (Hu et al. ; Wang et al.

A total of 19 meteorological stations were selected in and

a) and studies that focused on areas with complex topo-

around the basin to provide observed meteorological data

graphy (especially in alpine and gorge regions) are

(gauge data). The JiuZhou hydrological station is located

comparatively rare. Under this circumstance, it remains a

at the basin export (99 130 E, 25 470 N) and provides daily

challenging topic whether the V7 data still ﬁts well in the

discharge data that can be used to verify hydrological

Lancang River basin with its formidable and complex natu-

simulations.

ral conditions, and whether the hydrological utility driven
by V7 data performs as well as that driven by traditional

Data

observed data.
Therefore, the objectives of this study are 1) to evaluate

The V7 precipitation data can be downloaded from the ofﬁcial

the accuracy and performance of the post-processed V7 pro-

NASA

duct in the Lancang River basin and 2) to validate the

loads/trmm). The observed daily data can be downloaded

applicability of the product via hydrologic simulation with

from the China Meteorological Data Service Center (http://

website

(https://pmm.nasa.gov/data-access/down-

the Variable Inﬁltration Capacity (VIC) model. This study

data.cma.cn/), including data for 20–20-hour (i.e. from 20:00

offers effective tools for solving the problem of precipitation

to 20:00 of the next day) precipitation, air temperature, wind

data deﬁciencies in the Lancang River basin, and provides a

speed, sunshine hours, vapor pressure, and air pressure. We

reference for the applications of the V7 product, especially

interpolated these gauge-based data to grid cells featuring a

for the applications in alpine and gorge regions.

spatial resolution of 0.25 × 0.25 via the inverse distance
weighting method for hydrological simulation.
The VIC model requires several model parameters,

STUDY AREA AND DATA

including land cover, topography, soil texture, and hydraulic
parameters. The land cover data, which classiﬁes the land

Study area

surface into 14 species, was derived from the global land
cover ﬁle of the University of Maryland with 1 km resolution

As a typical river that runs from north to south, the Lancang

(Hansen et al. ). The topography parameters were

River originates in the Tanggula mountains north of China

derived from a high spatial resolution (90 m × 90 m) digital

and ﬂows across the Hengduan Mountains. The Lancang

elevation model dataset measured by the Shuttle Radar Topo-

River basin covers 88,051 km2 with an average annual runoff

graphy Mission (Jarvis et al. ). The soil texture
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Geographic position and station distribution of the Lancang River basin.

parameters were provided by the Harmonized World Soil

the occurrence frequency of daily precipitation in different

Database (Food & Agriculture Organization [FAO] ),

rain intensity classes and its proportion of total precipitation

and the soil hydraulic parameters were converted from the

are calculated to explore the characteristics of the V7 data.

soil texture data by using Saxton’s transformation formulas
(Saxton & Rawls ).

VIC hydrological model
This study used the VIC hydrological model, (http://vic.read-

METHODOLOGY

thedocs.io/en/master/) developed by Liang et al. (Liang
et al. ; Liang & Xie ) to evaluate the hydrological uti-

Precipitation comparison

lity of the V7 product. As a widely used hydrological model
(Yong et al. ; Park & Markus ; Tesemma et al. ;

In this study, the precipitation series of the Lancang River

Hengade & Eldho ; Mao et al. ; Wang et al. ),

basin from 1998 to 2015 were selected, and the gauge data

the VIC model is a grid-based macroscale distributed hydrolo-

was used as the actual value for a comparative analysis.

gical model that can simulate the land surface process based

Since satellite precipitation data errors are related to spatio-

on the water and energy balance and can consider several fac-

temporal scales, experiments will be conducted on daily

tors such as the heterogeneity of land cover and frozen soil.

scale, monthly scale, grid scale, and basin scale, respectively.

The VIC model typically divides soil into three layers in the

The data recorded by the national meteorological stations

vertical direction and is thus known as a VIC-3 L model, in

can represent the precipitation of a certain region. For grid

which both the top and middle soil layers are used to represent

scale, the gauge data was compared with the nearest V7 grid

the response of the soil moisture to rainfall events, while the

data. The basin scale compares the precipitation data of all

bottom layer is used to represent the seasonal soil moisture

stations and grids in the basin after averaging them. Then,

characteristics. In the VIC model, the soil evapotranspiration
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and generation of surface runoff from upper soil layers are cal-

Scenario I (static parameter method): Input the rain

culated based on the VIC curve, while the generation of the

gauge precipitation data into the VIC model and obtain a

underground baseﬂow from the bottom soil layer is calculated

set of optimal parameters after calibration; then, apply the

based on the baseﬂow curve. Some soil parameters in the

parameters to the V7-driven hydrological model. Under

model, including the parameters b, Ds, Dsmax, Ws, and

this scenario, the hydrological model is calibrated based

d1 ∼ d3, are difﬁcult to determine directly and thus, should

on the gauge data and suits when the basins have sufﬁcient

be calibrated to obtain optimized values. An introduction to

measured hydrological data.
Scenario II (dynamic parameter method): Perform the

these parameters is listed in Table 1.
The latest version of the VIC model (VIC5.0) was

calibration and validation based only on the V7 precipi-

chosen and requires several meteorological forcing data,

tation data. This scenario suits when the gauge data is

including precipitation, air temperature, air pressure, wind

insufﬁcient and thus, only uses satellite precipitation data

speed, vapor pressure, longwave radiation, and shortwave

to drive the hydrological model.

radiation. Shortwave radiation can be converted from sun-

In this study, the period of 1998–1999 was set as the

shine hours, and longwave radiation was calculated via

start-up period and it was thus not included for calculating

conversion formula (Konzelmann et al. ) using tempera-

the statistical indices. The period of 2000–2002 was set as
the calibration period and the period of 2003–2006 was

ture and vapor pressure.
Since the VIC model only calculates the runoff yield

set as the validation period.

individually in a single grid cell, it is necessary to use the
conﬂuence model developed by Lohmann et al. (Lohmann

Statistical indices

et al. ). This model is based on the unit hydrograph
method and the linearized Saint-Venant equation and can
simulate the streamﬂow process to the basin outlet.

The V7 product was evaluated using several statistical indices
including the Pearson correlation coefﬁcient (CC), the relative
bias (BIAS), the root mean square error (RMSE), the prob-

Hydrological simulation scenarios

ability of detection (RD), the false alarm ratio (RFA), and the
normalized mean square error (NMSE) (Torgo ). The

To evaluate the hydrological utility of the V7 product, it is

CC is used to evaluate the consistency between the V7 data

necessary to perform a hydrological validation. The following

and the gauge data; the BIAS describes the systematic devi-

two scenarios were performed to simulate the hydrological uti-

ation of the V7 data; the RMSE is used to measure the

lity of the V7 precipitation product based on the parameters

degree of the deviation between V7 data and gauge data; in

obtained from different precipitation products.

other words, the RMSE can evaluate the accuracy of the

Table 1

|

List of the introduction to soil parameters that need to be calibrated

Variable Name

Units

Description

Inﬂuence

b

—

Variable inﬁltration curve parameter (binﬁlt)

The generation of the surface runoff

Ds

—

Fraction of Dsmax where non-linear baseﬂow begins

The generation of the surface runoff

Dsmax

mm/day

Maximum velocity of baseﬂow

The generation of the baseﬂow

Ws

—

Fraction of maximum soil moisture where non-linear
baseﬂow occurs

The generation of the baseﬂow

d1

m

Thickness of the ﬁrst soil moisture layer

The evapotranspiration and the generation
of the surface runoff and baseﬂow

d2

m

Thickness of the second soil moisture layer

The evapotranspiration and the generation
of the surface runoff and baseﬂow

d3

m

Thickness of the third soil moisture layer

The evapotranspiration and the generation
of the surface runoff and baseﬂow
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satellite measurements. RD is used to describe the probability

analysis was performed (Figure 2) and the results of statisti-

that V7 detects a precipitation event correctly. RFA is a ratio

cal indices are presented in Table 3.

measuring whether V7 did not detect a precipitation event.

As the results show, on a daily scale, the satellite data

The NMSE reﬂects the accuracy of the V7 data after consider-

overestimates the overall amount of rainfall, and the poor

ing the inherent deviation of the gauge data. In general, the

linear relationships between gauge data and the nearest

estimations would be regarded as unavailable for a NMSE

3B42 grid data resulted in the CC from 0.37 to 0.55. For

above 1.0 (Yao & Tan ).

the precipitation detection capability, the TRMM satellites

The results of the hydrologic simulation were evaluated

generally achieve good performance in the study area

using CC, BIAS, and Nash–Sutcliffe Coefﬁcient of Efﬁciency

(RD ¼ 0.79). However, the high RFA (RFA ¼ 0.30) indicates

(NSCE) (Nash & Sutcliffe ). The NSCE is used to assess

that the satellites may be overly sensitive to precipitation

the degree of deviation between the simulated and the

and can easily misidentify non-precipitation events as pre-

observed streamﬂow. The formulas of the statistical accu-

cipitation events. The low RMSEs indicate that the V7

racy indices are listed in Table 2.

data and the gauge measurement have small cumulative
errors in the long-term series. The BIAS dropped signiﬁcantly on the basin scale, indicating that the total

RESULTS AND ANALYSIS

precipitation from both sources are fairly close. Compared
to the grid scale, the V7 data shows a better linear relation-

Evaluation of the 3B42-V7 data compared to the gauge

ship and the NMSE reached 0.82 on the basin scale,

data

indicating that the V7 data is more applicable on the basin
scale. On a monthly scale, the satellite data overestimates

A regression analysis and a detection performance analysis

the rainfall amount in general. With the enlargement of

were conducted on different temporal scales (daily and

the time scale, the CC is greatly improved because the

monthly) and spatial scales (grid and basin). A regression

increased time scale covers the individual errors and the

Table 2

|

List of the formulas of the statistical indices to quantify the performance of 3B42-V7 data

Statistical accuracy indices

Abbreviation

Units

Formula

Pearson correlation coefﬁcient

CC

—

Relative bias

BIAS

%

Root mean square error

RMSE

mm

Probability of detection

RD

—

RD ¼

False alarm ratio

RFA

—

RFA ¼

Normalized mean square error

NMSE

—

Nash–Sutcliffe coefﬁcient of efﬁciency

NSCE

—

Perfect value

covðP, SÞ
CC ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
var ðPÞ  var ðSÞ
Pn
P
Si  ni¼1 Pi
BIAS ¼ i¼1 Pn
× 100%
i¼1 Pi
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n
1X
RMSE ¼
ðSi  Pi Þ2
n i¼1
n11
n11 þ n10

0
0

1

n01
n11 þ n01
1 Xn

NMSE ¼ n

1

i¼1

0
ðSi  Pi Þ2

0

varðPÞ

1 Xn
ðSi  Pi Þ2
i¼1
n
NSCE ¼ 1 
var ðPÞ

1

Note: P, gauge data series; S, 3B42-V7 data series; cov(P,S), the covariance between P and S; var(P,S), the variance of P or S; n, the length of P and S series; n11, number of rainfall events that
gauge recorded and 3B42-V7 detected; n10, number of rainfall events that gauge recorded but 3B42-V7 did not detect; n01, number of rainfall events that 3B42-V7 detected but gauge did
not record.
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Scatterplots of the precipitation comparison at two different spatial and temporal scales.

Statistical accuracy indices between 3B42-V7 and gauge data

Grid scale

Basin scale

Statistics

CC

BIAS

RMSE

NMSE

RD

RFA

CC

BIAS

RMSE

NMSE

RD

RFA

Daily

0.37

36.16

5.72

1.48

0.79

0.30

0.55

0.16

2.40

0.82

1

0.19

Monthly

0.88

36.16

32.56

0.29

1

0.03

0.98

0.16

12.00

0.07

1

0

NMSEs also decrease sharply. Thus, the accuracy and con-

events as light precipitation events (0–1 mm/day). Fortu-

sistency between the V7 data and the gauge data are

nately, the consequences of such errors are not severe

further improved as the time scale expands (from daily to

since light precipitation only accounts for a small part

monthly), which may be due to the calibration of V7 data

(<10%) of the total precipitation in this region. In terms

using monthly gauge data.

of the distribution of precipitation contribution, the pre-

The occurrence frequency and the contributions to the
total rainfall amount distribution of the daily precipitation

cipitation from both gauge data and V7 data are fairly
consistent.

in different rain intensity classes were calculated and com-

In summary, in comparison to other basins (Hu et al.

pared between the gauge data and the V7 data both on

; Meng et al. ), the comprehensive complex terrains

grid and basin scale (Figure 3), respectively. Apparently,

located in the Lancang River affect the measurement accu-

the satellite can precisely measure most of the occurred

racy of the satellite product to some extent, and the

rainfall (>1 mm/day), which contributes more than 90%

consistency of the daily result on the grid scale is quite

of the precipitation for the total rainfall. Associated with

poor. Nevertheless, the overall quality of the product can

the RFA, the V7 data mainly treats non-precipitation

still meet the accuracy required for engineering applications,
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Distribution of daily precipitation in different rain intensity classes and their relative contributions to the total rainfall amount on (a) grid and (b) basin scale.

especially for the application of the basin scale, which may

scenarios are presented in Table 4, while the monthly

beneﬁt from the strong calibration capabilities of the satel-

streamﬂow simulation results are shown in Table 5.

lite inversion algorithm. Additionally, the data accuracy

As shown in Figure 4(a) and 4(b), on a daily scale, after

can be greatly improved by enlarging the spatial or temporal

calibrating with the gauge data (Scenario I), the VIC model

scales.

performs well with the CC maintaining 0.86 and the NSCE
exceeding 0.70 during the calibration and validation
periods, respectively. This indicates that the simulation

Hydrologic validation with the VIC model

results are sufﬁciently consistent with the observational
data. Additionally, the BIAS values remain within an accep-

Scenario I: static parameter method

table level of 8.56% and 2.03% for the calibration and
The recorded results of the daily streamﬂow simulation

validation periods, respectively, which indicates low devi-

during calibration and validation periods of the two

ation. Even so, there is still a gap between the simulation

Table 4

|

Accuracy indices of daily observed and simulated streamﬂow under two calibration scenarios

Scenario I

Scenario II

Periods

Precipitation products

CC

BIAS(%)

NSCE

CC

BIAS(%)

NSCE

Calibration

Gauge
3B42-V7

0.86
0.88

8.56
37.39

0.73
0.42

—
0.86

—
11.58

—
0.70

Validation

Gauge
3B42-V7

0.86
0.89

2.03
25.98

0.74
0.64

—
0.86

—
4.58

—
0.72

Table 5

|

Accuracy indices of monthly observed and simulated streamﬂow under two calibration scenarios

Scenario I

Scenario II

Periods

Precipitation products

CC

BIAS (%)

NSCE

CC

BIAS (%)

NSCE

Calibration

Gauge
3B42-V7

0.95
0.96

8.47
37.24

0.90
0.56

—
0.95

—
11.57

—
0.88

Validation

Gauge
3B42-V7

0.93
0.94

2.06
25.86

0.85
0.75

—
0.94

—
4.55

—
0.84
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After replacing the precipitation input data with the V7
data, the CCs slightly increase, while the BIAS values
increase to 37.39% and 25.98% for the calibration and validation

period,

respectively.

This

indicates

that

the

simulation results based on the parameters calibrated by
gauge data signiﬁcantly overestimate the runoff volume.
The NSCEs are only 0.42 and 0.64 for the calibration and
validation periods, respectively, which also conﬁrms the
poor performance of the V7 data under Scenario I. Under
this circumstance, a high deviation may occur if the streamﬂow is still directly simulated using this set of parameters
calibrated with the daily gauge precipitation data. Therefore,
the parameters obtained in Scenario I are not suitable for
the V7 precipitation data.
On a monthly scale, the accuracy of the streamﬂow
simulation results based on the gauge is further improved.
The CCs are above 0.90, and the NSCEs in the calibration
and validation period are 0.90 and 0.85, respectively. Generally, the accuracy of the NSCEs is higher than that suggested
by Moriasi et al. (). This further supports the applicability of the VIC model to the Lancang River basin.
However, although the accuracy of the streamﬂow simulation results increases with extended temporal scale, the
results shown in Table 5 indicate that simply replacing the
precipitation input ﬁle with the V7 data and simulating without changing the parameters will result in a large deviation.
As shown in Figure 5(b), the streamﬂow simulation value is
higher than the measured value.
Scenario II: dynamic parameter method
To fully use the V7 data, we recalibrated the VIC hydrologic
Figure 4

|

Daily simulated and observed hydrographs at JiuZhou station.

model with the V7 daily data. As shown in Figure 4(c),
under scenario II, the V7 product can properly simulate

results and the observations due to various factors, including

the moderate level streamﬂow (1,000–2,000 m3/s), can indi-

the wide span of latitude and altitude, the complexity of the

cate the periods of ﬂood peaks, and can precisely capture

terrain (e.g. plateau, alpine, and gorge), and the sparse gauge

several peak values. However, simulated values below

network with poor data representation. As shown in Table 4,

1,000 m3/s are generally higher than the observed values,

the NSCE value is 0.73 at the calibration period and 0.74 at

and some peak ﬂows are usually underestimated. The data

the validation period, which still reaches satisfactory per-

in Table 4 indicates that the systematic bias signiﬁcantly

formance. Therefore, the VIC hydrological model can still

decreases after recalibration, with BIAS values decreasing

play an effective role in the Lancang River basin, even

to 11.58% and 4.58% for the calibration and validation

though the V7 data performance is signiﬁcantly affected by

periods, respectively, while the CC values return to 0.86

snowmelt and its narrow shape.

(the same as the gauge-based simulation result) and the

Downloaded from https://iwaponline.com/hr/article-pdf/doi/10.2166/nh.2018.024/361710/nh2018024.pdf
by guest

Corrected Proof
10

Z. Wang et al.

|

Hydrologic assessment of the TMPA 3B42-V7 product in Lancang River basin

Hydrology Research

|

in press

|

2018

of the V7 precipitation data is compensated and the simulation accuracy is further improved. Although some
problems still remain, such as the underestimation of peak
ﬂow, or the slightly overestimated dry season, the data in
Table 5 shows that the CCs still exceed 0.94, and the
NSCEs in the calibration and validation period are 0.88
and 0.83, respectively. Therefore, the V7 precipitation data
achieved good hydrological utility on both daily scale and
monthly scale.

DISCUSSION
High-mountain gorge areas are always challenging for data
acquisition via TRMM and other meteorological satellites,
and the application of uncertainty analysis has always
attracted the interest of scholars (Zeng & Li ; Zeng
et al. ; Meng et al. ; Tong et al. ). The study
area, the Lancang River basin, features high mountains,
gorges, permafrost, and snow-covered areas; moreover, the
meadow layer and the weathered layer at the source of the
river have strong permeability, thus creating great difﬁculties
for the evaluation of the satellite precipitation product and
hydrological simulation. For the product selection, only
the latest post-process V7 product was chosen to conduct
simulations, after considering that the accuracy of the realtime version product is generally lower than that of the
post-process product. Furthermore, the products of 3B42
RTV5, RTV6, and RTV7 are not suitable for streamﬂow
Figure 5

|

simulation in the upper Yangtze and Yellow River basins
Monthly simulated and observed hydrographs at JiuZhou station.

(Hao et al. ) that neighbor our study area. For hydrological model selection, Zulkafli et al. () reported that

NSCEs return to a level above 0.70. All the changes of these

the selection of hydrological models is important because

indices lead to the conclusion that the accuracy of the daily

it affects whether the variations of runoff peaks can be accu-

simulation based on the V7 precipitation product is compar-

rately simulated, especially in mountainous environments.

able to that obtained in other basins (Khan et al. ; Xue

We ﬁnally chose the VIC model to simulate the streamﬂow

et al. ; Hao et al. ). Therefore, in light of the good

because it features strong functions; i.e. 1) it performs well in

simulation results based on the V7 data (the accuracy is

areas of complex topography; 2) it divides the soil into three

close to the simulation result based on the gauge data), the

layers and fully considers inﬁltration; and 3) the snow

V7 product has the ability to replace the gauge observation

module in the model can fully consider the snowmelt situ-

and can be used to perform a successful hydrological simu-

ation. Therefore, the model offers a certain advantage of

lation in the Lancang River basin.

theoretical mechanism to simulate the streamﬂow in the

On a monthly scale, due to the enlargement of the tem-

complex basin. The VIC model, beyond all doubt, provides

poral scale (from daily to monthly), the individual deviation

exactly the required tools for the challenges located in the
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study area, and ﬁnally, a good simulation result was

basin are located on the Tibetan Plateau with high elevation

achieved with this model.

and sparse meteorological stations. The difference is that the

According to the accuracy analysis, the satellite tends to

topography of the Lancang River basin is more complicated.

mistake non-precipitation events for light precipitation

Hao et al. () used the VIC model to assess the hydrolo-

events, which results in a high RFA. According to a relevant

gical utility of the 3B42 precipitation products in the upper

study in other alpine and gorge regions, the RFA tends to

Yellow River and the upper Yangtze River. The streamﬂow

increase with increasing elevation. In the study of Yang

simulation results based on the post-process version show

et al. (), the average RFA of the 3B42-V6 product for

that the NSCEs from both basins ﬂuctuate around 0.6, and

the Jinsha River basin (elevation: 263–5,910 m) was above

daily streamﬂow simulation can be performed based on

0.6. However, the RFA of the V7 product in the Lancang

the 3B42 post-process product. The streamﬂow simulation

River basin (elevation: 1,243–6,471 m) was only 0.3, which

results of Scenario II in this study show that the NSCEs

indicates that the V7 data is more suitable for alpine and

reach above 0.7 and have a good hydrological effect on

gorge regions than the V6 data. The quality of satellite pre-

daily scale, which exceeds those of the upper Yellow River

cipitation data can be improved with the advancement of

and upper Jinsha River. The difference may be caused by

observation techniques and the improvement of the inver-

the usage of different versions of the hydrological models;

sion

the

i.e., the newest version (i.e. VIC5.0) could obtain much

representativeness of gauge observation data and the difﬁ-

better effects than older versions (VIC 4.0 or earlier).

culty of the station maintenance are limited by natural

More comprehensive meteorological data (e.g. radiation

conditions, and they cannot be solved in a short time.

and vapor pressure) added to the VIC5.0 achieved simu-

Under this circumstance, it is of great signiﬁcance to evalu-

lation results that were closer to the true value and thus

ate the accuracy and hydrological utility of the V7 product in

greatly improved simulation accuracy. Additionally, Tong

the Lancang River basin featuring complex terrain and spar-

et al. () used gauge-calibrated model parameters to pre-

sely distributed meteorological stations.

liminarily evaluate the hydrological utility of different

algorithm.

However,

the

problems

of

For hydrological simulation, Jiang et al. () found that

satellite precipitation products in the upper Yellow and

the 3B42 product is able to simulate low and medium level

upper Yangtze River basins neighboring our study area. In

streamﬂow well, while underestimating ﬂow peaks; Sun

our study, we further evaluated the hydrological utility of

et al. () also formed a similar conclusion in their

the V7 with two scenarios and found that after the model

study. However, the performance of the model for the Lan-

was recalibrated by V7, the hydrological simulation results

cang River basin is signiﬁcantly different; speciﬁcally, the V7

signiﬁcantly improved. Hence, the V7 product can be

precipitation data not only underestimates some extreme

regarded as an ideal supplement for the precipitation data

ﬂow peaks, but also overestimates the dry season stream-

in alpine and gorge regions although the aggregate perform-

ﬂow. The reason why the V7 product underestimates the

ance is inferior to the plain area (Hu et al. ; Wang et al.

ﬂow peaks may be related to the high RFA. The hydrologic

a).

simulation result of the neighboring regions may provide a

Table 6 lists some VIC model parameters. We found

reference for this study. The upper Yellow River and the

that, to reduce the simulation bias, the d2 increased

upper Yangtze River, together with the Lancang River

while b decreased after recalibration, which indicates that

Table 6

|

The calibrated parameters of the VIC model under two scenarios

Variable Name
Scenarios

b

Ds

Dsmax

Ws

d1

d2

d3

I

0.5500

0.1250

29.2356

0.9309

0.1000

0.3382

0.4375

II

0.2986

0.0493

12.1488

0.6566

0.1000

0.5618

0.4750
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soil evaporation would increase while surface runoff would

validated. The accuracy of the V7 daily precipitation data

decrease, thus resulting in more baseﬂow. Therefore, the

on grid scale is quite poor. Nevertheless, the statistical indi-

underestimation of the ﬂow peaks by V7 may mainly

ces are greatly improved and the data can be applied (with

result from the increased evaporation and the decreased sur-

NMSE ¼ 0.82 < 1.0) in combination with the spatial enlar-

face runoff, while the overestimation of the baseﬂow may

gement from grid scale to basin scale. In addition, the data

mainly result from the decreased b and an underestimation

accuracy was further improved with the enlargement of the

of the frequency of the non-precipitation in the upper

time scale (from daily to monthly). Some errors mainly

reaches of the Lancang River. Based on the above analysis,

occurred for light precipitation; speciﬁcally, the data mis-

it is not a wise choice to use the V7 data for drought warning

takes non-precipitation events as light precipitation

in the upstream area of the Lancang River because the over-

events (<1 mm/day). Fortunately, the V7 data can accu-

estimated baseﬂow during the dry season might decrease the

rately capture most rainfall events (>1 mm/day) which

drought level and lead to an underestimation of the severity

contribute to over 90% of the total precipitation. Moreover,

of the disaster.

the distributions of the V7 data in different rain intensities

In general, the quality of satellite precipitation products

are close to the gauge data. The overall quality of the pro-

is mainly affected by both topography and precipitation

duct still meets the accuracy required for engineering

magnitude (<1 mm/day or >25 mm/day). Given the good

applications.

accuracy and hydrological utility of the V7 product in the

The VIC model has good applicability to the Lancang

typical rainstorm (Hu et al. ), alpine, and gorge areas,

River basin, which is a typical narrow-shaped and complex

it can be speculated that the V7 precipitation product has

basin where even snow is present. The direct application

been developed to a mature stage and can be applied to

of the V7 data to the VIC model based on the calibration

most areas with good results. The coverage observation

of gauge data clearly leads to a higher runoff level and

will also become a trend to compensate the insufﬁciency

causes larger deviation. After recalibrating the hydrologic

of gauge observations and even become a main approach

model with the V7 data, the medium level ﬂow simulation

to monitor precipitation, especially in alpine and gorge

then becomes more accurate and some of the ﬂood peaks

regions. With the development of remote sensing technol-

are also accurately captured. In general, the accuracy of

ogy, the technical problems of precipitation observations

the V7-based simulation is similar to that of the gauge-

in complex terrain, such as in alpine and gorge areas, are

based results, and the enlargement of the temporal scale

expected to be overcome (Tang et al. ); the accuracy

can further improve simulation accuracy. Therefore, the

and application effects are also anticipated to be further

V7 product can become a new source of precipitation data

improved. Since the GPM (Global Precipitation Measure-

for the Lancang River basin and thus has great potential

ment), i.e. the successor of the TRMM, has signiﬁcant

for the hydrological simulation.

improvements in the ability to detect the light and solid precipitation (Huffman et al. ), the next generation IMERG
product might provide an even better precipitation esti-
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