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Abstract. The 2017 Hanjiang autumn flood appeared to have higher surface water levels at the same discharge
rate than previously at the Huangzhuang gauging station. It is seriously impacted the flood control. This pa-
per analyses the 2000–2017 data from the Huangzhuang reach in the Hanjiang River, including surface water
levels, the surface water fall, erosion-deposition variation and the engineering activities. A comparison of the
2016–2017 data with the 2000–2015 data in the Huangzhuang reach, revealed that the surface water levels were
about 1.47 and 0.13 m higher in the high and intermediate discharge ranges, respectively. In the low discharge
range, the 2016–2017 and 2010–2015 surface water levels were similar. However, a comparison of the 2016–
2017 with the 2000–2009 data in the low discharge range, shows that the surface water levels were 0.28–0.4 m
lower. The surface water fall in the Zhuandouwan–Huangzhuang’s reach decreased in 2016–2017 for discharges
above 5000 m3 s−1, whereas in the Huangzhuang–Datong reach the opposite was found. For other time periods
and discharge ranges the fall decreased. In the Datong-Shayang reach the fall reduced in 2014–2015 relative
to other periods in 2000–2017 in the discharge range above 5000 m3 s−1. The erosion-silting analysis for the
Huangzhuang reach showed scouring of local river deposits due to bridge engineering. However, near the bridge
the substantial silting was found. The collated surface water level and scouring-silting data suggest that reduced
surface water levels during low discharge are mainly due to the overall river erosion. The increased surface levels
in the high discharge range are due to local river siltation, especially because of the increased water resistance as
response to bridge engineering.

1 Introduction

The Hanjiang River is a large tributary of the Yangtze River
and has its confluence near Wuhan (China). The Hanjiang
River is divided into the upper, middle and lower reaches
(Zhang et al., 2004). The Huangzhuang reach is at the mid-
dle and lower reaches of the Hanjiang River, which is a criti-
cal part to prevent floods. Hence, its flood characteristics are
important. The climate, including precipitation characteris-
tics of the Hanjiang River basin lead to a distinct difference
in flooding hazard between summer and autumn (Sun et al.,
2014; Dai et al., 2012). Li et al. (2017) concluded that the au-
tumn flood of the Hanjiang River in 2017 was mainly charac-
terized by a long duration and frequent occurrence of floods.
The flood peak was not so high, but the flood volume was
big. The river water level rose significantly at the middle and
lower reaches. Xia et al. (2006) analyzed the flood charac-

teristics of the autumn flood of the Hanjiang River in 2005,
which was also was characterized by a large flood volume,
but this had a high flood peak. Wu and Guan (2017) and
Duan et al. (2018) have studied the flood control and regu-
lation scheme for the middle and lower reaches of the Han-
jiang River. Besides analyzing floods in the Hanjiang River,
many scholars have also researched the water level charac-
teristics of the Hanjiang River. For example, Lu et al. (2009)
and Shi et al. (2013) have studied the impact of the building
of the Danjiangkou Reservoir, which is in the upper reach, on
the discharge characteristics of the Hanjiang River. Wang et
al. (2017) have studied the hydrological characteristics of the
lower reach, and Feng et al. (2016) have analyzed the impact
of discharge variation on the state of the middle and lower
reaches of the Hanjiang River.
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Figure 1. Sketch map of the research river.

The Huangzhuang hydrologic station is the main control
station at the Huangzhuang reach of the Hanjiang River.
About 32 km downstream the Datong gauging station can
be found. During the autumn flood of the Han River in
2017, the actual hydrological measurements indicate that
the observed water level of the Huangzhuang station was
a bit high for the discharge at that time. To further un-
derstand the change in surface water level pattern of the
Huangzhuang reach and the underlying reasons, this paper
will study the relationship of the surface water level and dis-
charge, and find out the changing pattern of water level at
the Huangzhuang station. We will use data from the period
2000–2017, such as the highest water level, lowest level and
corresponding discharges in these years. Data from four sta-
tions are analyzed, namely, from upstream to downstream,
the Zhuandouwan station, Huangzhuang station, Datong sta-
tion and Shayang station. Three important time moments are
considered, namely, 2009 (when the Xinglong Water Con-
trol Project commenced to be constructed), 2013 (when the
Xinglong Water Control Project was completed), and 2016
(when the Highway No. 2 bridge over the Hanjiang River
at Zhongxiang commenced to be constructed). The follow-
ing time sections were identified: 2005–2008, 2009–2013,
2014–2015 and 2016–2017, which were associated with av-
erage discharges of below 1000, 1000–5000, 5000–10 000
and 10 000 m3 s−1. The scour and silting changes within the
Nianpanshan-Maliang reach (68.9 km) were analyzed based
on data from 31 fixed large cross sections in the period
between 2012 and 2016. Finally, the impact of the High-
way No. 2 bridge project, which included damming near the
bridge, on the water level of the Huangzhuang reach was an-
alyzed according to the changing relationship of water level
and the discharge Han.

Figure 2. Relationship between annual average daily water levels
and corresponding discharge at the Huangzhuang station for the pe-
riod 2000–2017, (a) maximum water level, and (b) minimum water
level. The numbers refer to the years, e.g. 00 means 2000.

2 Analysis of Flood Characteristics of the
Huangzhuang Reach

2.1 Water level changes at the Huangzhuang station

Relationships between the annual average daily highest
water level (Fig. 2a), annual average daily lowest wa-
ter level (Fig. 2b) and corresponding discharge at the
Huangzhuang station between 2000 and 2017, revealed that
at high discharges during 2016–2017 (discharge: 13 000–
17 000 m3 s−1), the water level was about 1.47 m higher than
that during 2000–2015. At intermediate discharges (2000–
10 000 m3 s−1), the water level was about 0.13 m higher. At
low discharges (less than 3000 m3 s−1), the water level was
similar to the level during 2010–2015, whereas the water
level was 0.28–0.41 m lower than during 2000–2009. So, for
the same discharge, the water level at the Huangzhuang sta-
tion witnessed a significant rise in the high flows range in
recent years. The change mainly happened after 2016. For
the low flow range the opposite was found, although change
is smaller.
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2.2 Analysis of Huangzhuang reach surface fall

The distances between the Zhuandouwan and Huangzhuang
stations, Huangzhuang and Datong stations, and Datong sta-
tion and Shayang stations is 22, 32 and 39 km, respectively.
The surface water fall (decrease of surface water level over
reach) for different discharge ranges and the defined time pe-
riods is shown in Fig. 3. The surface water fall (decrease
of surface water level over reach) was calculated for each
time period and discharge range as the average of all daily
falls. Figure 3 indicates that the surface water fall in the
Zhuandouwan-Huangzhuang reach shows a decreased fall
in the two most recent periods (Fig. 3a). The surface wa-
ter fall in the Huangzhuang-Datong reach during 2016–2017
witnessed a big increase when the discharge was above
5000 m3 s−1, while the opposite was found for the time sec-
tions 2005–2008 and 2009–2013 (Fig. 3b). The surface water
fall of Datong-Shayang reach during 2014–2015 witnessed a
big drop (only available when the discharge was lower than
5000 m3 s−1). The Datong-Shayang reach was affected by
the Xinglong Water Control facility, while the Huangzhuang-
Datong reach was affected by related the project of bridges
in the reach.

3 Analysis of Influencing Factors

3.1 Analysis of scour and silting changes in the
Huangzhuang reach

Scour and silting data were obtained from three measure-
ments in the Nianpanshan-Maliang reach that were con-
ducted in December 2012, December 2015 and December
2016. Channel storage and scour-silting in the reach was
calculated with a cross-section method (Duan et al., 2001;
Zhang et al., 1989; Wang et al., 2018). The scour-silting con-
ditions of the reach since 2012 are shown in Table 1. During
2012–2016, the Nianpanshan-Maliang reach was a scour as a
whole under different calculated water levels. From 2012 to
2015, 15.36 million m3 was scoured from the channel at high
water levels. From 2015 to 2016, this number was 8.26 mil-
lion m3 as a whole. When the channel was at a low water
level, the reach scoured 2.57 million m3. during 2012–2015.
Scouring is assumed to be an influencing factor for dropping
of the water level.

For further analysis, we investigated scouring and silting
in the Hanjiang River in the reach from Huangzhuang to the
Road No. 2 bridge Hanjiang Zhongxiang. This reach has a
length of 8.1 km, in which 4 fixed large cross-sections oc-
cur. The reach showed scouring between 2012 and 2015 (Ta-
ble 2). The opposite holds for water levels of 42–46 m in the
period 2015–2016. In this period the reach showed silting.
Partial silting of this reach may be the cause for the rising of
the Hanjiang River at Huangzhuang at a high water levels.
However, the influence was not distinct.

Figure 3. Surface water fall in different reaches of the Hanjiang
River for different discharge ranges and time periods in 2005–2017,
(a) Zhuandouwan-Huangzhuang reach, (b) Huangzhuang-Datong
reach, and (c) Datong-Shayang reach.

The Xinglong Water Control facility lies about 100 km
downstream of the Huangzhuang station, which commenced
to be constructed in 2009 and was completed in 2013. The
water of the reservoir returned to the Hanjiang River about
70 km upstream of the Maliang station. The analysis of sur-
face water levels and surface fall indicate that after the build-
ing of the Xinglong Water Control facility, the water level
was higher when the discharge was less than 5000 m3 s−1 at
the Shayang station. Meanwhile, the surface water fall in the
Datong-Shayang dropped. Compared to other stations, im-
pact on water level and surface fall here was small.

From 2013 to 2016, many spur dikes, revetments, bot-
tom protection measures, channel filling and beach protec-
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Table 1. Statistics of scour and silting amount in the Nianpanshan–
Maliang reach riverbed (+silting, −scour).

River reach Calculated Scour and silting amount of each time
water section (∗ 10 000 m3)

level (m) 2012–2015 2015–2016 2012–2016

Nianpanshan- 42 −257 −23 −280
Maliang 43 −467 −125 −592
68.9 km 44 −606 −229 −835

45 740 −350 −1090
46 −868 −512 −1380
47 −1122 −672 −1795
48 −1360 −778 −2138
49 −1536 −826 −2362

The calculated water level uses the national 85 elevation.

Table 2. Statistics of scour and silting amount in the Huangzhuang–
Zhongxiang reach riverbed (+silting, −scour).

River reach Calculated Scour and silting amount of each time
water section (∗ 10 000 m3)

level (m) 2012–2015 2015–2016 2012–2016

Huangzhuang-to 42 −80 +34 −46
the Road No. 2 43 −174 +37 −136
bridge in the 44 −182 +22 −160
Hanjiang River 45 −183 +23 −160
at Zhongxiang 46 −193 +22 −171
(8.1 km) 47 −205 0 −205

48 −214 -6 −221
49 −220 −8 −228

The calculated water level uses the national 85 elevation base.

tion belts have been built within the reach from Nianpanshan
to the Xinglong Water Control facility. They were intended
to regulate the channel, with the aim to deepen the main river
channel. The elevation of the jetty head of the spur dikes was
about 41 m and the dike body was 2–3 m high, and around
5 m wide. They were densely placed in the upper and lower
reaches of the Hanjiang River near Huangzhuang. Due to the
water blocking effect of the dikes and the building of other
projects, such as spur dikes and supporting revetments and
bottom protection, the bottom roughness factor of river chan-
nels close to the structures was assumed to increase.

The analysis of surface water levels and surface water
falls, showed that the channel regulation projects influenced
the entire reach, but did not caused distinct changes.

During 2016–2017, the Road No. 2 bridge over the Han-
jiang River at Zhongxiang was under construction. The
bridge is located 9.7 km downstream the Huangzhuang sta-
tion. The relationship between the surface water level and
discharge, and the surface water fall near the bridge was mea-
sured. The changes in the relationship between the surface
water level and discharge relative to the data from 2012 to
2016, shows that the road bridge caused a big impact(see also
Sect. 3.2).

Figure 4. The cross section at the bridge in the Hanjiang River.

3.2 Changes of cross section at the bridge

Figure 4 shows the cross section at the bridge in 2012 and
2016. The figure shows that from 2012 to 2016, the silting on
the left bank of the main river channel stretched over about
150 m, with a maximum silting thickness of 4 m. The silting
line is about 20 m from the right bank of the main river chan-
nel, and the elevation of the lowest point of the riverbed rose
from 29 to 30 m. The blocking area of the cofferdam dur-
ing the construction period in 2016 was about 600 m2. The
dam had an elevation of 39 m and a length of about 150 m on
the left bank of the cross section. We estimate that the water
blocking area of the three main piers was about 243 m2, and
that the one of the pier on the bottomland was about 50 m2. It
suggests that the water blocking during the construction was
the main factor for the rising of the surface water level.

The Manning formula (Zhao et al., 2005) was used to
calculate the stage-discharge relationship at for the condi-
tions in 2012 and 2016 (Fig. 5). The following assumptions
were made: (i) roughness factor of 0.03 based on the stage-
discharge relationship of the Huangzhuang station, and (ii)
gradient of 0.1 ‰ applicable to the Huangzhuang-Datong
reach on 5 October 2017. The stage-discharge relationship
indicates that when the water level was lower than 38 m, the
curves of 2012 and 2016 basically coincide. When the water
level was higher than 38 m, the surface water level in 2016
was higher than in 2012 for the same discharge, i.e. 0–1.3 m
higher.

3.3 Analysis of damming at the Road No. 2 bridge

The damming at Road No. 2 bridge over of the Hanjiang
River in Zhongxiang is was analyzed using water level ob-
servations the upstream and downstream of the cross section
of the bridge. Surface water levels were observed at 17:00–
19:00 h on 6 October 2017. The positions of the observations
points are shown in Figure 6 and the measuring results in Ta-
ble 6. The measuring data show that the surface water fall is
big, that is, 0.085, 0.143 m and 1296 m at 994 m, at upstream
of the bridge, at the bridge, and at 1000 m downstream of the
bridge, respectively. A small negative gradient has occurred
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Table 3. Observed surface water fall and gradient at the Road No. 2 bridge.

Point Actual Distance, Surface fall Surface water Position relative
x measured, D (m), between two gradient to bridge

water level Dx−1– points (m), Hx−1–Hx /

H (m) Dx Hx−1–Hx (Dx−1–Dx ) (‰)

1# 46 243 2031 m upstream
2# 46 160 1037 0.083 0.08 994 m upstream
3# 46 163 482 −0.003 −0.006 512 m upstream
4# 46 078 293 0.085 0.29 209 m upstream
5# 46 071 104 0.007 0.067 105 m upstream
6# 45 928 105 0.143 1.36 Bridge
7# 45 923 107 0.005 0.047 107 m downstream
8# 45 926 96 −0.003 −0.031 203 m downstream
9# 45 918 304 0.008 0.026 507 m downstream
10# 44 622 493 1296 2.63 1000 m downstream position

Figure 5. Impact of construction work in 2016 on the stage-
discharge relationship at the Road No. 2 road bridge over of the
Hanjiang River in Zhongxiang.

at two places, both upstream and downstream of the bridge.
On 6 October 2017, the average surface water fall over the
Huangzhuang-Datong reach (32 km) was 2.94 m. The sur-
face water fall over the reach from observation points 1# to
10# (3031 km) was 1621 m, accounting for 55.1 % of the en-
tire surface fall from Huangzhuang to Datong. It indicates
that the damming at the bridge is the main reason for the bit
high surface water level at the Huangzhuang station.

4 The study led to the following conclusions

1. Compared with 2000–2015, the surface water level at
the Huangzhuang station was about 1.47 m higher in
2016–2017 in the high discharge range. In the mid-
dle discharge range, the water level was 0.13 m higher.
The surface water level during 2016–2017 was basically
similar with that during 2010–2015 in the low discharge
range, but 0.28–0.41 m lower than in 2000–2009. The
rise of the surface water level at the Huangzhuang sta-
tion mainly occurred in the high discharge range pre-

Figure 6. The measuring points at the Road No. 2 bridge.

dominantly after 2016. At the lower water level, the wa-
ter level showed a trend of dropping.

2. The analysis of the changes in the surface water
level and surface water fall, revealed that the water
level of the Huangzhuang station during 2016–2017
mainly changed due to projects built in parts of the
Huangzhuang-Datong reach. The building of the Xing-
long Water Control facility mainly made the water lev-
els of the Shayang station rise and the surface water fall
of the Datong-Shayang station drop.

3. The Nianpanshan-Maliang reach of the Hanjiang River
showed a trend of scouring as a whole. During 2012–
2016, 2.80 million m3 was scoured in total from the
reach. The overall scouring in the reach was the main
reason for the drop of the surface water level in the low
discharge range. Silting in the reach from Huangzhuang
to the Road No. 2 bridge over Hanjiang River at
Zhongxiang might have been a cause for the rising wa-
ter level at Huangzhuang.
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4. During 2012–2016, silting was observed in the cross
section at the Road No. 2 bridge. When the water level
exceeded 38 m, it was 0–1.3 m higher in 2016 than
in 2012 under the same discharge. The surface wa-
ter fall in the rather short subreach near the bridge
was 1621 m, accounting for 55.1 % of the entire fall
in the Huangzhuang-Datong reach (subreach is about
10 % of the whole reach) . The analysis reveals that the
damming at the bridge was the main reason that the wa-
ter level was a bit high in the high discharge range at the
Huangzhuang station.

5. In summary, the main cause for the higher water lev-
els at the Huangzhuang station were the impacts from
projects in parts of the Huangzhuang-Datong reach, par-
ticularly the Road No. 2 bridge at Zhongxiang.

Data availability. The data file will be sent separately to the edi-
torial department.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/piahs-383-25-2020-supplement.
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