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Runoff characteristics in flood and dry seasons
based on wavelet analysis in the source regions of
the Yangtze and Yellow rivers
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Abstract: By decomposing and reconstructing the runoff information from 1965 to 2007 of the
hydrologic stations of Tuotuo River and Zhimenda in the source region of the Yangtze River,
and Jimai and Tangnaihai in the source region of the Yellow River with db3 wavelet, runoff of
different hydrologic stations tends to be declining in the seasons of spring flood, summer flood
and dry ones except for that in Tuotuo River. The declining flood/dry seasons series was
summer > spring > dry; while runoff of Tuotuo River was always increasing in different stages
from 1965 to 2007 with a higher increase rate in summer flood seasons than that in spring
ones. Complex Morlet wavelet was selected to detect runoff periodicity of the four hydrologic
stations mentioned above. Over all seasons the periodicity was 11-12 years in the source
region of the Yellow River. For the source region of the Yangtze River the periodicity was 4—6
years in the spring flood seasons and 13—-14 years in the summer flood seasons. The differ-
ences of variations of flow periodicity between the upper catchment areas of the Yellow River
and the Yangtze River and between seasons were considered in relation to glacial melt and
annual snowfall and rainfall as providers of water for runoff.

Keywords: wavelet analysis; periodicity; runoff; flood seasons; dry seasons

1 Introduction

The headwaters of the three rivers regions are the source of the Yangtze, the Yellow
(Huanghe) and the Lancang rivers, which contain many rivers, lakes, swamps, snow moun-
tains and glaciers and constitute the highest and largest wetlands in the world and have many
different types of wetlands. They are commonly known as the source of the great rivers, or
as China water tower and function as an ecological screen for the middle and lower reaches
of the rivers and their surrounding areas. It is of key importance to the sustainable regional
development of the total catchment area begun by its headwaters. Consequently, research on
the hydrological characteristics of the concerned regions is of great importance in managing
water resource reserves with the increasing demands for water from the Yellow, Yangtze and
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Lancang-Mekong Rivers and indicates changes of climate both in temperature and the
amount and pattern of precipitation in China as well as Indochina.

Flow information is usually from measurement made by hydrologic stations with finite
water resource gauges. Wavelet analysis can make full use of existing information. The
method of wavelet analysis has been developed by several important studies, starting with
the work by Haar’s in the early 20th century. A notable contribution to wavelet theory was
Zweig’s discovery of the continuous wavelet transform in 1975 (originally called the co-
chlear transform and discovered while studying the reaction of the ear to sound) (Zweig,
2007). Since then, wavelet analysis quickly became a focus of attention both in China and
other countries (Ashley and Lange, 2007; Kumar and Foufoula-Georgiou, 1993; Wang et al.,
2002; Liu and Fu, 2008; Wang and Meng, 2008; Yuan et al., 2007; Adam et al., 2010; Xu et
al., 2011). Most studies of hydrological fluctuation in source regions centered on separate
watersheds or basin segments/patches (Xue et al., 2002; Shi et al., 2007). Several studies
have focused on climate element changes in the source regions of the Yangtze and Yellow
rivers or some hydrological element — for only one season or just a whole year (Wang, 2006;
Liang et al., 2007; Wang, 2009; Wang et al., 2010; Liang et al., 2010).

The origin of water differs in different flood/dry seasons and in different basins of the
source regions. There are relatively few studies that account for these differences in China
and elsewhere. Rising temperature has changed the characteristics of glaciers and permafrost
in the source regions of the Yangtze and Yellow rivers in recent years (Yang et al., 2007). As
well, grassland degradation has changed evapotranspiration in the regions in recent years
(Ma et al., 2010). Comprehensive analysis of annual runoff variations may mask some of the
seasonal information. Yang et al. (2005) researched the runoff characteristics of the source
regions of the Yangtze and Yellow rivers by wavelet analysis, and focused on runoff periodic
character, but did not involve any flood or dry season’s information. This paper analyzed
runoff characteristics in different flood and dry seasons of the Yangtze and Yellow rivers,
and discussed its relatively long-term trend and periodicity.

2 Theory of wavelet analysis

Development of wavelet analysis is a very important milestone in the history of Fourier
analysis, otherwise known as mathematical “microscope”. There are mainly two types of
basic application of time series to water resource research: (1) singularity detection, such as
periodic fluctuations of runoff series; and (2) quantitative description of process information
(Wang et al., 2002) , such as long-term trend of runoff changes.

Trend analysis mainly focuses on the increasing or decreasing variation of hydrologic
time series, which is needed for water resource development and control. Trends in a sense
can be seen as periodicity. But it is much longer than the longest periodic component. The
trend is the slowest part of the signal. If the signal itself includes sharp changes, then suc-
cessive approximations look less and less similar to the original signal. In wavelet decom-
position and reconstruction low frequency stands for the runoff information trend, while
higher one indicates runoff periodicity. The higher one decreases with further wavelet de-
composition. When going on with next level decomposition, the higher frequency compo-
nent is removed. Then the left is the long-term trend for hydrologic time series.

Hydrologic measurement is generally discrete. By multi-resolution wavelet analysis
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method (MRA), it can be divided into low and high frequency components. As described
above, the hydrologic trend is determined by the low frequency one, while the high one of
the hydrological series implies periodic information.

The wavelet coefficient Wy, which reflects the signal in time and frequency domain, is de-
rived by wavelet transform at different scales. It is usually difficult to choose a proper
wavelet function for wavelet transform. There are usually two methods to select an appro-
priate wavelet function: one is through experience and repeated trials to select the appropri-
ate wavelet function; the other is to select a shape similar wavelet to the signal to be ana-
lyzed (Liu et al., 2009).

For most functions or signals f (x), the wavelet transform is:

W (ab) = [ LW () (¥ =ﬁ [ S CWan %bjdx (1)
A

where ¥ is the mother wavelet, Wy (a, b) is the wavelet transform coefficient, a is the scale
factor and b is the center of time.

There are different types of wavelet families whose qualities vary according to several
criteria. Daubechies wavelets (dbN families, N is the wavelet order. some authors use 2N
instead of N) are similar to the variation of hydrological characteristics; there also exists
simple relationship between Morlet wavelet and hydrologic periodicity. So these two types
of wavelet are chosen as mother wavelet in this paper.

2.1 dbN wavelet family

The French scholar Ingrid Daubechies did intensive research on wavelet transform with in-
teger power of scale of two (i.e., 2', i € Z ). The Daubechies wavelet transforms are de-
fined in the same way as the Haar wavelet. There is a scaling function, which generates an
orthogonal multiresolution analysis for every different wavelet type of this class. Daubechies
orthogonal wavelets D2-D20 are widely used. Dbl is known as Harr wavelet. It is called
compactly supported orthonormal wavelets in time domain and frequency domain—thus
making discrete wavelet analysis practicable, which means a limited y(#) length and the

higher order origin moment _[ tP¥(t)dt =0, pe N, and exists N order zero of li’(w) when

w = 0. Most dbN wavelets are not symmetrical. For some, the asymmetry is very pro-
nounced. The wavelets of this family do not have an explicit expression except for dbl-Harr
wavelet.

2.2 Morlet wavelet

The Morlet wavelet is defined as ‘P(x)=Ce_x2/2cos(5x). It was originally formulated by

Goupillaud et al. (1984). Conceptually related to windowed-Fourier analysis, the Morlet
wavelet is a locally periodic wavetrain. It is obtained by taking a complex sine wave, and by
localizing it with a Gaussian (bell-shaped) envelope. The wavelet transform has a real and
an imaginary part, and the norm is the magnitude of this transform, which is related to local
energy.

Wavelet coefficients obtained by wavelet transform reflect the response of time scale to
signal. If you want a better understanding of what time scale can best reflect the periodic
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regularity of input signal, the wavelet variance is necessary. The extent of variance at corre-
sponding time scale is adopted to represent the energy intensity of runoff series. The wavelet
variance is defined as follows:

V(a)= %ﬁwz (a.x;) ()
j=1

where V' (a) is wavelet variance with scale of a and at the time of x;, n is the length of time
series, so the wavelet variance can be expressed as the average of sums of square of wavelet
coefficients at scale of a (Bradshaw and Spies, 1992).

The departure of measured hydrological flow data from four hydrological stations in the
source regions of the Yangtze and Yellow rivers was calculated to eliminate seasonal
variations. The departure of hydrological data was used to perform wavelet transform. After
several trials, we chose wavelet decomposition and reconstruction of runoff data (departure)
under level five and level six to detect its long-term trend. We ignored that for the Tuotuo
River station due to incomplete data.

3 Study area and data used
3.1 Study area

The Three Rivers Headwaters Region (TRHR) (Figure 1), the confluence of the source re-
gions of the Yangtze, Yellow and Lancang rivers, is located in southern Qinghai Province, or
the hinterland of the northern Qinghai-Tibet Plateau, which borders Tibet, Sichuan and
Gansu provinces. The topography is descending from west to east in the region. The western
part of the region is mostly plateau with undulating topography of low mountains, hills and
open valleys. The main topography of the eastern part is high mountains and canyons. The
altitude of the region ranges from 3450 to 6621 m a.s.l. with the alteration of a series of high
mountains, valleys and basins.

The regional climate has Qiangtang semiarid and Nagqu-Guoluo sub-humid areas be-
longing to the Qinghai-Tibet Plateau sub-arctic climate divisions. It is a typical plateau con-
tinental climate, with alternating hot and cold seasons, distinct wet and dry seasons, small
maximum and minimum temperature differences, large diurnal temperature ranges, long
sunshine duration and strong solar radiation.

The main soil types are alpine cold desert soil, alpine meadow soil, alpine steppe soil,
mountain meadow soil, gray cinnamonic soil, chestnut soil, swamp soil and aeolian soils.
Alpine meadow soil is of the most abundant soil type, and occurs between 3500 and 4800 m
a.s.l. Swamp soil is also very common, and most wet grassland soil belongs to this type.
Gray cinnamonic soil mainly occurs in areas where trees and shrubs grow. The soil is shal-
low, usually 30-50 cm deep, with more gravels and thin humus.

The approximate 180 rivers and significant streams in the TRHR can be divided into
oceanic and inland waterways. The Yangtze River rises in the Geladandong snow-covered
mountain in the north of the Tanggula Mountains and has an average annual runoff from the
TRHR of about 177x10® m®. The Yellow River rises in the north of Bayan Har Mountains,
and has an average annual runoff from the TRHR catchment of about 107x 10* m’. Rain and
snow melt water are the main water sources of the Yangtze and Yellow rivers.
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Figure 1 Three Rivers Headwaters Region, Qinghai, China and location of rivers and hydrological stations
involved in the runoff study

3.2 Data used

We use hydrological monitored runoff data from the Jimai and Tangnaihai hydrologic sta-
tions in the source region of the Yellow River from 1965 to 2007, and from the Tuotuo River
and Zhimenda hydrologic stations in the source region of the Yangtze River from 1965 to
2007. As the runoff data for the Tuotuo River was not continuous, only the runoff in spring
and summer flood seasons for this catchment was discussed in this paper.

Runoff, precipitation and other environmental factors changed significantly in different
flood or dry seasons in the source regions of the Yangtze and Yellow rivers. We divided the
whole year into three periods (hydro-stages) for different basins (Table 1). The monitored
runoff data was averaged in each hydrological stage.

Table 1 Definition of flood/dry seasons in the source regions of the Yangtze and Yellow rivers

Rivers Hydro-stage Time period
Spring flood seasons Late March to early June
Source region of the Yellow River ~ Summer flood seasons Mid-June to late October
Dry seasons Early December to early March
Spring flood seasons Mid-April to early June
Source region of the Yangtze River ~ Summer flood seasons Mid-June to late September
Dry seasons Early December to late March

4 Result and discussion

4.1 The basic statistical characteristics of runoff in the source regions of the Yangtze
and Yellow rivers

The average flows for the Tangnaihai and Jimai hydrological stations in the source region of
the Yellow River were 633.3 m’ s™' and 127.2 m® s”' annually and 1103.7 m’ s™' and 229.1
m’ s in the summer flood seasons respectively. The maximum annual average flows were 1
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039.6 m’ s for Tangnaihai and 261.9 m’® s™' for Jimai, while the minimum flows were
329.1 m’ s™' and 60.8 m® s™' for the stations respectively. The maximum flows in summer
flood seasons were 1956.6 m> s’ and 513.5 m’ s_l, and the minimum flows were 527.8 m’
s”' and 94.9 m® s~ respectively at these two hydrologic stations. The annual average flow at
Jimai was about 20% of that at Tangnaihai. The Tangnaihai hydrologic station is located in
the lower reaches of the source region of the Yellow River, and the volume of runoff
changed more than that of Jimai but with relatively smaller variation.

The average flows in the summer flood seasons were 895.1 m® s~' at Zhimenda and 73.3
m’ s~ at Tuotuo River in the source region of the Yangtze River. The maximum flows in
summer flood seasons were 1652.4 m® s at Zhimenda and 175.5 m® s™' at Tuotuo River,
and the minimum flows were 447.2 m® s™' at Zhimenda and 21.3 m’ s™' at Tuotuo River. The
annual average flow at the Tuotuo River hydrologic station was about 20% of that at Zhi-
menda.

4.2 Basic character of Runoff in the source regions of the Yangtze and Yellow rivers

The monitored runoff data from four hydrological stations were used to perform wavelet
transformation by mother wavelet of db3; wavelet decomposition produces a family of hier-
archically organized decompositions. Among the decompositions, high frequency is re-
moved, leaving the lowest one, to reflect the trend of runoff during the past 43 years.

1) The runoff trend in different flood/dry seasons in the source region of the Yellow River
Runoff decreased at both the Jimai and Tangnaihai stations in the source region of the Yel-
low River in the past 43 years from 1965 to 2007 (Figures 2a and 2b). Turning point of
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Figure 2 Low frequency reconstruction of runoff departures in different hydrologic stations and in flood/dry
seasons in the source regions of the Yangtze and Yellow rivers, Qinghai, China
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flow appeared to be in 1968 and 2000. Flow decreased more quickly from 1968 to 2000 than
before 1968. Flow in spring flood and dry seasons in the source region of the Yellow River
decreased more slowly than the summer flows. By comparison there was little change of
flow in dry seasons over the 43 years.
2) The runoff trend in different flood/dry seasons in the source region of the Yangtze River
Flows at the Tuotuo River station in the source region of the Yangtze River increased
during the 43 years from 1965 to 2007, and the rate of this change was faster for the summer
flood seasons than the spring flood seasons (Figure 2d). The pattern of flow change with
years at Zhimenda (Figure 2¢) was similar to that of the Yellow River hydrological stations
(Figures 2a and 2b), the decrease in rates for the spring and summer flood seasons being
similar. However, changes of flows with years in summer flood seasons remained larger than
that in spring flood seasons in this region (Figure 2¢). In dry seasons, as for the Yellow River
stations, the change of flows over the 43 years in the Yangtze River source was negligible.

4.3 Periodic features of discharge series

Continuous wavelet transform (CWT) by the Morlet procedure was performed on the flow
departures of the four hydrologic stations in the source regions of the Yangtze and Yellow
rivers in flood and dry seasons. The real part of Morlet complex wavelet transform coeffi-
cients were shown in Figures 3 and 4.
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Figure 3 Real distribution of Morlet wavelet coefficient about runoff at the (a) Tangnaihai and (b) Jimai hydro-
logical stations in the source region of the Yellow River, Qinghai, China

1) Periodic features of discharge series in the source region of the Yellow RiverThe fre-
quency energy was concentrated on the time scales of 5-15 and 20-25 years in



268 Journal of Geographical Sciences

Real part of wavelet coefticients in Real part of wavelet coefficients in
Zhimenda of spring flood seasons Tuotuo River of spring flood seasons
40 P v 50 40 TR £ 9% :
35 a 3Bk aNt\NEaTdi %
£ 30 i £ 30 o e fell B ]
3 20 Q o 20 N As77 4
ERE = [) g 15 : ] -2
“ 10 S\a\(nig)e: i 0 10 A
5 B et Q'_g/_—,uan : 1 i 5 : "’.’iGPP'gm?,ga: 1 i
Real part of wavelet coefficients in Real part of wavelet coefficients in

Zhimenda of summer flood seasons do » Tuotuo River of summer flood seasons
3 40

40 TR 0 = v 5
5 ”\‘*-\ NS {&” A 00 b

3 2 100 225 T\\@ f / 1
= 20 ! S 20 AN 3 \ / : 0
g 15 7 0 Bis . oL 10
“ 10 Q“Q z ] 2 100 E? HO)S( 7 ] !
% 0 U rr Q] -100 13 0 _ (e 20
e -200 s e : , =30
W G: o r~ — w [=)] o g = !&
Real part of wavelet coefficients in 288888888
Zhimenda of dry seasons .
40 B = 2 = 15
- ;a \&1\_}‘} \{\g fé ) / 1 10 Figure 4 Real distribution of Morlet wavelet
§ 25 .- Kj:,/ o] 5 coefficient about runoff at the (a) Zhimenda
5 20 1 0 and (b) Tuotuo River hydrological stations in
3 :a Q@ @ Of @ Yo 1 25 the source region of the Yangtze River, Qing-
= - ] -10 hai, China
e - — -15
i & N~ = v On I~ =N
WO I~ I~ 08 0 08 o N o
oo o0 0O O O O 2 O
- = = = = = = = = A A

spring flood seasons, 10—15 years and 5 years in summer flood seasons and 1015 years and
20-25 years in dry seasons according to monitored data at Tangnaihai hydrological station in
the source region of the Yellow River (Figure 3a).

The fluctuation energy of flow at Jimai centered on the time scales of 5—15 years and
20-25 years in spring flood seasons, 10—15 years and 5 years in summer flood seasons (Fig-
ure 3b). This was similar to the corresponding seasons at Tangnaihai. In dry seasons the pat-
tern at Jimai was also similar to that at Tangnaihai, with energy peaks centered on 10-15
years, 5 years and 20-25 years.

2) Periodic features of discharge series in the source region of the Yangtze River

The fluctuation energy for the Zhimenda hydrological station centered on the time scales
of 5-10 years, 15-35 years and 20-25 years in spring flood seasons, 5-15 years and 25-35
years in summer flood seasons and 5—15 years and about 30 years in dry seasons (Figure 4a).

The fluctuation energy for the Tuotuo River station centered on the time scales of 5—10
years and 15-35 years in spring flood seasons, while 6-30 years had relatively broad distri-
bution of fluctuation energy in summer flood seasons (Figure 4d). Further information about
the exact location of maximum energy should be explored by wavelet variance analysis.

4.4 Wavelet variance of discharge series

The maximum of wavelet coefficients calculated by formula were plotted in Figure 5 and
listed in Table 2. The highest coefficient occurred at year eight at Tangnaihai in spring flood
seasons, i.e., the major periodicity was 8 years in spring flood seasons at Tangnaihai; other
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Table 2 Periodicity in years of wavelet variance in different flood/dry seasons in the source regions of the
Yangtze and Yellow rivers, Qinghai, China

Tangnaihai Jimai Zhimenda Tuotuo River
Spring flood seasons 8, 11,22 12,8,6,23 6, 12,25 4,6,19, 30
Summer flood seasons 12 12,7 13,34,9 25,14
Dry seasons 12 12 13, 34

relatively large variances occurred at 11 and 22 years, indicating the existence of
sub-periodicities of 11 and 22 years in spring flood seasons. The major periodicity was 12
years in both summer flood and dry seasons at Tangnaihai.

The major periodicity was 12 years and the minor ones were 8, 6 and 23 years in spring
flood seasons at Jimai, whereas in summer flood seasons the major periodicity was 12 years
and the minor one was 7 years. In dry seasons the major periodicity was 12 years (Table 2).

From the above it was indicated that there was a 12-year major periodicity (Figure 5 and
Table 2) when there were major periodic-variances of flow in flood and dry seasons in the
source region of the Yellow River. Although the major periodicity at Tangnaihai was 8 years in
spring flood seasons, the wave energy with its minor periodicity of 11 years was also strong;
so we could say that the periodicity was 11-12 years in the source region of the Yellow
River, indicating that the source of water supply was very stable. The contributing fac-
tors of ecosystem water requirements, evapotranspiration, seasonal precipitation and tem-
perature change altered the instantaneous flow, whereas the cyclic character changed little.
This means that there was no regular disturbance on the runoff flow in the source region of
the Yellow River.

There was a major periodicity of about 6 years and two minor periodicities of 12 and 25
years at Zhimenda in the source region of the Yangtze River in spring flood seasons. In
summer flood seasons the major periodicity was 13 years, while the minor ones were 34 and
9 years. In dry seasons the major and minor periodicities were 13 years and 34 years respec-
tively. Only the cyclic character in spring and summer flood seasons was considered in this
paper for the Tuotuo River, where the major periodicity was 4 years and the minor ones were
6, 19 and 30 years in spring flood seasons. For the Tuotuo River the major periodicity in
summer flood seasons was 25 years and the minor one of 14 years (Figure 5 and Table 2).

There was a major periodicity of 13 years and a minor periodicity of 34 years both in
summer flood and dry seasons in the upper stream of Zhimenda in the source region of the
Yangtze River. Although the major periodicity was 6 years, the fluctuation energy of a
12-year minor periodicity was also very strong (Figures 4 and 5); so it could be concluded
that the flow fluctuation periodicity was 12—13 years in the upper stream of Zhimenda.

It could be concluded from above that the periodicity for Tuotuo River in the source re-
gion of the Yangtze River was disorder, but it did not affect the flow fluctuation further up-
per stream of Zhimenda essentially. There was a 4—6 year periodicity in spring flood seasons
and a 13-14 year periodicity in summer flood seasons in the source region of the Yangtze
River (Table 2). The main precipitation in spring flood seasons was in the form of snow for
the upper stream of Tuotuo River and Zhimenda, and this caused no great flow fluctuation.
The periodicity of flow fluctuation was larger in summer flood seasons due to more precipi-
tation as rainfall and higher temperatures. In the upper stream of Tutouo River, the flow was
mainly from glacial melt, so the periodicity was even larger and was attributed to slowly
increasing temperature.
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5 Conclusions

The long-term trend and periodicity of runoff could be detected by wavelet analysis. The
runoff flow turning point appeared at the same year both in the Yellow and Yangtze rivers’
source catchments. It meant that the surroundings played a key role in the long-term runoff
changes.

For the source region of the Yellow River, the reduction rate of flow in spring flood sea-
sons and dry seasons was slower than that in summer flood seasons and even slower in dry
seasons. The land cover type in the source region of the Yellow River was mainly grass. It
was degrading in the past 30 years. The water resource of the Yellow River was mainly from
precipitation. The degraded grassland cannot store much water, which resulted in the de-
crease of flow. The ecological natural reserve project was executed from 2000. The grassland
began to restore from then on, followed by slow runoff recovery.

For the source region of the Yangtze River, flow increased in both the spring and summer
flood seasons from 1965 to 2007, and this increase was quicker for the Tuotuo River than
the Zhimenda and faster in summer flood seasons. At Zhimenda flow decreased both in
spring and summer flood seasons although in the summer flood seasons the decrease was
greater owing to its location downstream in the source region. The declining rate was almost
the same in spring and summer flood seasons for these two hydrologic stations.

The source region of the Yangtze River lies in the inland Qinghai-Tibet Plateau. It is very
sensitive to climate change. Due to smaller precipitation and stronger wind in winter (Zhao
et al., 2004), the evapotranspiration was very strong. So the runoff for the upper stream of
Zhimenda was decreasing in spring and dry seasons. For the upper stream of Tuotuo River, the
increasing flow was ascribed to temperature rather than precipitation and wind because this
region contains many glaciers and snow mountains. Rising temperature melts glaciers, so the
flow was increasing in the upper stream of Tuotuo River in spring and summer flood seasons.

The fluctuation periodicity was about 11-12 years in the source region of the Yellow
River in the three flood and dry seasons, indicating that the water resource origin was stable
in this source region. This indicated that environmental factors, including ecological water
requirement, evapotranspiration, seasonal precipitation and temperature variation, had
changed the instantaneous flow but not its cyclic character. Consequently, that there was no
strong regular disturbance on the flow in the source region of the Yellow River.

The fluctuation periodicity was about 4—6 years both in spring flood seasons and dry sea-
sons and 13—-14 years in summer flood seasons in the source region of the Yangtze River.
The water was mainly from melt of glaciers and permafrost in the upper catchment of the
Tuotuo River, while in the stream at Zhimenda, lower in the catchment, it was mainly from
precipitation. The periodicity was relatively small in summer flood seasons in the upper
stream of Tuotuo River compared to Zhimenda.

Considered for all the TRHR, flow was decreased in different flood/ dry seasons except
for that in the upper stream of Tuotuo River. The fluctuation periodicity was about 12—13
years in summer flood and dry seasons for the entire TRHR including the Tuotuo River. For
the spring flood seasons the flow fluctuation periodicity was about 4—8 years except for that
of the upper stream of Jimai. Overall, the flow was very stable both in summer flood seasons
and dry seasons, but unstable in spring flood seasons.
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