Water resources management of the Yellow River Basin
—Current problems and future perspective—
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Abstract

The most severe dry-up has occurred in the downstream of the Yellow River in 1997.
After that, it was legislated for the conservation of water, and was improved on the order of water
use 1n each irrigation area. Since 2000, incidents relevant to dry-up seem to have not happened.
The river water of the Yellow River at the mouth, however, continues to let low volume flow as
the same as 1997. Its reasons and effect were/are studied as follows. The Yellow River project in
RIHN was started to clarifying why the dry-up has occurred and what kinds of effects are to be
occurred in surrounding circumstances. Now, the reason of the dry-up are considered due to the
complicated factors, these are the decrease of precipitation, over-use of river water in large
irrigation districts and recovery of vegetation on Loess Plateau. Though sediment production on
Loess Plateau seems to decrease, the river bed in downstream of the Yellow River continues to
rise up. It will enhance the danger of flood disaster in the North China Plain. On the other-hand,
the environment of Bo-Hai Sea has changed in both water and material inputs from the Yellow
River. Its effects are now investigated.

Key words: Yellow River Basin, water resources management, dry-up, water consumption, water
quality

1. Introduction
. . Area : 752,443 km? bf Yellow River Basin
As shown in Figure 1, Length : 5,464 km

the Yellow River is the second |Precip.’: 452 mm (over Huay.) ‘
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is 5,464 km. The primary
production of Bohai Sea seems
to change by the decrease of
river flow volume, increase of
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chemical fertilizer from

irrigated farms through river 3 3N

and groundwater flow. It should
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be examined by the model Fi 1A ¢ the Yollow River d .

simulation in Bohai Sea. In the gure map of the Yellow River domain
Yellow River, dark blue line in Figure 1

is called as upstream, normal blue is as mid-stream and light blue is as downstream.

2. Situation of the North China Plain

As the whole Yellow River basin is 450 mm, it seems difficult to maintain
located in rather dry climate condition in agriculture for crop production by using only
which annual precipitation amount is almost water provided from vertical rainfall (1).



Actually, most of farmlands are use to take
groundwater for irrigated water. Therefore, groundwater
level was gradually lower down shown in Figure 2. It is

named as Luancheng
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city. The drop ratio of

groundwater level is

0.77 m every year.

Therefore, water

supply from the Yellow River was essential issues since

1970s.

As a result, Figure 3 shows the
days and length of dry-up in the Yellow River.
It shows that the dry-up have been occurring
almost every year since 1970s, but the most
severe dry-up occurred in 1997.

The feature of the dry-up happened
in 1990s was that it became extend its length
to upstream. In particular, it was a year
small rainfall amount in 1997. As this
phenomenon surprised world peoples as
related environmental problems, Chinese
government had to begin the planning of
countermeasures.

At first, the execution of law was
studied and a new water law was actually

promulgated n 2002. The most principal feature

of the new law is that the competence for water
use of the Yellow River has moved to the
government from each province.
Furthermore, a big domestic project to clarify
the cause and how to manage in the Yellow
River were to be better, has started after that.
Professor Changming LIU has engaged in a
section leader.

We also started the Yellow River
study in 2003 as a RIHN project with an
International view point, to clarify real
reason of dry-up in the Yellow River and how
does affect to the surrounding circumstances
such as Bohai Sea and other areas. It was
thought that the world food demand is
asking its increase of supply due to the
The

objective was including analysis of water use

expansion of human population.

in the Yellow River on considering food

Figure 2 Long-term drop of groundwater
level in the North China Plain (2)
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Figure 3 long-term Change of dry-up
in the Yellow River (3)

product. Therefore, agricultural development
of dry region is not only Chinese particular
case, but also common issue in other dry
regions.

Precipitation amount in the whole
Yellow River Basin has a tendency of
Water loss in the
irrigation areas has clarified to be rather

decrease since 1990s.

large amount than that officially reported by
our analysis over 40 years. It seems to be
needed unexpected water in order to wash
out saline chemicals in the irrigated field. In
the middle area of the Yellow River, almost
20 billion m3 a year was recently decreased
compared with 40 years ago, in spite of no
evidence against the increase of agricultural
area. This loss is calculated as an increase of
almost 58mm a year. We assumed the reason
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reforestation from the southern part to the e . FHSH 6004,

middle part in Loess Plateau. It also might
contribute to decrease of sediment yield
from Loess Plateau.

Nevertheless, the altitude of river
bed of the Yellow River in the North China
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deposit consisted of fine particle (4). It ¥ 100 400 600104800 108 112 116 |zo

seems to enhance danger of flood disaster Figure 4 Distribution map of annual

in the North China. Plain. For avoiding such a  precipitation in the Yellow River domain (1)
disaster, it seems to construct a new river

channel, though it will request tremendous Q“‘"IO”gggo'ggg?::’” DIl

Hetao Irrigation District
570,000 ha

expenditure. But preparation of such a safety
net could help the reduction of disaster

Weishan Irrigation
District 310,000 ha

f

damages because it is rather easy to forecast
water flow course and flooding water level
could be down before being attacked by more

miserable disaster with unexpected floods. €
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3. Irrigated agriculture dune in the Yellow Figure 5 I_::)cation of ..larg.;lfe irrigation
River districts in the Yellow River (5)
Concerning a water

consumption issue, the area of large Table 1 Intake amount and other factors of the large
irrigated agriculture districts located irrigation districts in the Yellow River (5)

shown as Figure 5. Its areas are Unit Qintonxia | Hetao Weisan
.. . . 3
very large and cities and industrial thal area 10%ha 624 1190 360
. . L. Irrigated area 10%ha 330 576 310
factories are also included inside the
distri Theref drained . Intake from the 10°md/y 6.2 5.0 0.89¢x0)
1stricts. Therefore, drained water 1s Yellow River mmly 1880 868 274
considerably polluted because no Return flow to 10°m3ly 3.53 0.53 =0
treatment water enters to irrigation _the Yellow River | mmjy 1070 92 =0
. . inei 3 -
drain channels. The result officially SaI!ne inflow 10%y 280 215
4 di d and Saline outflow 10%tly 400 63 -
reported, diverted and return waters Saline budget 103y 120 168 N

are shown in Table 1 (5). Totally,
three large irrigation districts uses river water  x1000 ha

almost 7.4 billion m? from the Yellow River. Itis 2200 _
not included small scale of irrigated farmlands, 2000 E [I\{Ilggg{e
generally 80 % of the river water estimated 5 O Lower
roughly are used for irrigated agriculture. Finally, 100
water used in irrigation will be estimated by
newly developed water resources model. 500 :I:F—I_T [
Decadal changes of irrigated area are 0 —

shown in Figure 6. It shows that upper and Figure 6 Changes of irrigation area in
middle reaches of the Yellow River were mainly each decade (6)

developed to irrigation fields by 1980s, but the

lower reaches have been developing through 1990s.
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Figure 7(a) Crop production in the Figure 7(b) Use of chemical fertilizer in the
Yellow River Domain (7) Yellow River Domain (7)
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Figure 8 Land classifications of 2000 by MODIS (8)
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By the statistical data relevant to population in China.
crop production and wusage of chemical Map of Yellow River Basin
fertilizer as shown in Figure 7(a) and 7(b), 368 100 104 198 12E uis 1206
the lower reaches of the Yellow River domain i
were strongly increased its production and |m“_”“1. .
use of chemical fertilizer (7). It seems ‘.,.}2 J S
Chinese  Government  asked  higher H ,
production of crop in the North China Plain ™ N i { ;é*{ e

to have to supply food for increasing human

4. Water resources model developed
In order to estimate the change of T00E T TGRE T TG

river discharge during 40 years from 1960 to

2000, including not only natural change, but Figure 9 Six stations observing river

. disch in the Yellow Ri
also human activities like irrigated agriculture, schatge i the Tefow Biver



a new water resources model  Hyqrological model structure
was developed in this project. Ea=f(LAI)- B (6)-Ep
BaSICaHy, we need the Land S':Jrface Classificafion map | eaactual Evap., 0 :soil moisture, Ep:potential Evap.

—

Ea=0

using river discharge data at six

land-use category related to g TS Fores o8 N
hydrological model. A new map = g | surfecetemp. | B T+ oxpl0.78(LAI-22)]
based upon MODIS image data gﬁ . GESE:):S-*—044[1—cxp(—145LA1)]
of 2000 is shown in Figure 8 (7). ‘_g ﬁ l Ep J
In the same time, we developed & & Ep — o T e Pl O
water resources model and E PEvn ab v g;?gf:;‘ff/:ffs()'-‘\'zl) E::<( 8 < g:::)E
validated model applicability E I 4:Irrigated area (LAI=1) 00

Heat balance model | 5:Water surface
(SVAT model)

[Human activities]

stations in the Yellow River v Reservoir operation

h in Fi 9 Runoff formation T Irrigation water intake
shown 1n rigure J. model AL Land use change

. (HYCYMODEL) #= 1Y o ) Output
In each section, water \<<.f5f_,_4 [Irrigation period(DOY)]

b d t . .tt f 11 . FERE Source area~Upper reach:150-270

udget 1s written as 10110wWS; fomm s Middle reach:90-300
L=P+Qin-Qout = AS--------- ) Figure 10 Developed Model structure of Hydrology and
e @) water resources

where, L; water loss, P:

precipitation, Qin; inflow to the  \ater Loss of the Yellow River basin P —
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evaporation estimated by Kondo & Upper roach-2

Xu's way based upon the bulk
method, and Ea is defined as a
actual evaporation written as Figure
10 which is a function of Ep, f(LAI) = ) .
and B (0). Here, LAI is leaf area X%;t?ilon cover rat(i/?)

. . . . . *VCR= 200 100
index and 6 is soil moisture index. & unirrigated 10
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After vegetation covers were Figure 11 Long-term decadal water budgets in

fixed at 2000, decadal loss and upstream and midstream
evaporation were compared in each Billion ) Irvigation area
section. Water budgets of three sections in 1:: Water balances
upstream agreed with the calculated value ol [~ oE ~of
almost. But, in the midstream which flows ol =i Large irrigation area
down and carves Loess Plateau with many 2 2 Qouin and

. . . . = Loess Plateau
tributaries, water loss in previous decade 0
shows small amount compared the calculated B e 170s 190e 199e 2000
value. It seems to be grown vegetation (Billion m?) Loess Plateau %)

planted as soil and water conservation works §-
started from 1950s, at first. And recent [
decrease of precipitation is also influenced for ‘
the evaporation drop as soil moisture deficit. [ 5
But, large irrigation districts  Distribution of Precipitation
upstream have used river water constantly.
It’s estimated almost 10 Billion m3 in these
40 years. Therefore, main reason for dry-up
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Figure 12 Comparison between upstream with
large irrigation Districts and midstream



happened at 1997 was due to the decrease of
precipitation at midstream and the gradual
increase of evaporation by the success of the
soil and water conservation works, mainly.
Therefore, river discharge at Huayuankou

station dropped down, but we don’t forget the
amount of sediment discharge has surely
decreased. It must contribute the stability of
river bed at downstream.

5. Effects to Groundwater in delta area and Bohai Sea

Component of groundwater: 5% of the total
runoff in normal year
3Mt/day=1bilion t/year (2004)

Figure 13 Delta area of the Yellow River (10)

In the delta area of the Yellow
River, how much of groundwater and
chemical materials flowing in to the
Bohai Sea were investigated in high-and
low -amount of flow periods (10).

The results of groundwater
show in Table 2. The flow rate of
groundwater has only 5 % for surface
water, but Si and P are rather high
concentration (11). On the other-hand,
Nitrogen seems to be increase in Bohai Sea
recently by Chinese side. Therefore, it should
be investigated in our final year. Figure 14
shows changes of heat transfer judged by

6. Problems in large irrigated agriculture

We have mentioned issues relevant
to water use in semi-dry area, but water
quality issue should be more emphasized.
Because we have found crop production in
China is supported by the usage of lots of
chemical fertilizer. It is not guaranteed
sustainability because chemical world never

7. Conclusions

1)The remarkable changes on both annual
precipitation and annual mean air
temperature are not so changed in the
Yellow River basin except 1990s generally.

2) Annual evaporation during 40 years in the
upstream seems to be not changed
although there are two large irrigation
districts.

Amplitude reB0o-Hai Strait

Table 2 Water and nutrients material
flow through groundwater in delta area

of the Yellow River (11)
Surface | Groundwater
Flow 100 5
Si conc. 100 1190
Discharge 100 60
TP conc. 100 1000
Discharge | 100 50
DTN conc 100 50
Discharge 100 2.4
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~ Figure 14 Heat flow change occurred in

Bohai Sea (12)

satellite images. It shows warm sea water
entering by SST from Bohai Strait (12). It
may also affect the decrease of flow amount
from the Yellow River.

permit animate nature. It is easily supposed
that soil in agricultural field implied
organism is to turn to inorganic
circumstances. It may induce a monotone
world without other living thing by the
overuse of agrochemical.

3)Evaporation amount in the midstream
during 40 years has almost decreased 10
billion m3 y1 less than that in 1960s in
spite of no evidence for the reduction of
agricultural field. If the reforestation and
gully control works were succeeded on
Loess Plateau, evaporation might increase.
But actually evaporation decreased due to



soil moisture deficit occurred by the
decrease of annual precipitation recently.

4) Nevertheless, the 70~80 percent of water
resources of the Yellow River basin are
used for irrigation. As decreased river
discharge became usually weak in energy
for sediment transport, the river-bed
altitude in downstream continues to rise
up. It means the danger for flood disaster
is to be enhanced. As a countermeasures
like flood control, new channels in both
outsides of the existing channel seem
necessary. Keeping water quality is more
important for everywhere of the Yellow
River basin. In particular, some scenic
place like Lake Ulansuhai, Inner Mongolia,
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