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A dynamic hydrological method to calculate ingream flow and its application

YANG Zhi-Feng, CHEN He (sate Key Laboratory of Water Emvironment Simulation, Schod d Environment, Bejing Normal University, Beijing
100875, China) . Acta Ecologica Sinica,2006,26(9) :2989 2995.

Abstract : With the rgpid econonic development in China, water shortage and water quaity deterioration in rivers have become
serious problems for ecologca sygems. Recognition of such Stuation of rivers has led to the egadishment of the science of
indream flow assessrent. Ingdream flow assessrent can determine the quartity and qudity of water required for ecosysem
conservation and resource protection.

The mgjority methods o ingreamflow assessment can be grouped into four categories, such as hydrologicd , hydraulic reting ,
habitat Smulaion (or rating) , and holisic methodologies. Hydrologicad method is the nogt widdly used and suitable for China,,
with lack of detailed ecologicd data. The hydrologica method has been criticized for offering an assessment resol ution only from
low to noderate , and encormpassing limited tenpora differences in flow dlocations.

In order to increase assessment resolution a dynamic method to determine the ingream flow for a wide range of ecologica
dates was developed with the combination of nmonthly percentile curve method and hydrologcal index. Monthly percertile curve is
widdy used iningreamflow assessment in Chinawhile lacking linkage with ecosysems. Hydrologicd index is closdy relevart with
ecosygemwhile it can' t be directly used in indream flow assessment. Based on a screening of the nogt popuar hydrologca
indces, an amended hydrologica index method , AAPFD , was used to assess the indreamflow of the range of scenarios. AAPFD
can be used as an indicator of hydrologicd dteraiion. We combined nmonthly percertile curve and hydrologica index to develop a
dynamic method. Morthly percertile curve was enployed to meke out a range of scenarios, and development datus of actud water
repurces was used to adjug the range o scenarios. Then AAPFD was used to evd uate every scenario , and each scenario was
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linked with AAPFD. The number of AAPFD was relevant to ecosysems, and then each scenario was linked with ecosysems.

Nianchu River is a main branch of Yarlung Zangbo River , the larges river in Tibet and the highed river in the world. The
dynamic hydrologcd method developed in this paper was then used in Nianchu River and nine scenarios were st to assg water
resources management. Scenario 1 indicates a gae that hydrologca regme is serioudy dtered , and scenario 9 indicates a date
that hydrologca regme is close to naturd date.

Acoording to the water reources studion and ocid development datus the department of weater resources shoud take
scenario 3 and scenario 4 as the managemernt target in the near future, and the corresponding AAPFD is 3.07 and 2.59. These
scenarios indicate dates noderatdy dtered by water resources development.

Key wor ds:ingream flow; hydrologca index; Nianchu River ; Yduzangbu River
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Table 1 Computation scenarios of ingream flow
1 2 3 4 5 6 7 8 9
Month  Scenario 1 Seenario 2 Senario 3 Senario 4 Senario 5 Seenario 6 Senario 7 Scenario 8 Senario 9
1 PL"(1-80% PL"(1-60% PL"(1-40%) PL™(1-20%) PL PL"(1+20%)  PL"(1+40%) PL™(1+60%) PL"(1+80%)
2 PRT(1-80% PT(1-60% FP7(1-40% P27(1-20%) P2 PR7(1+20% PR (1+40% P27 (1+60%) P27 (1+80%)
3 PT(1-80% PT(1-60%) P3T(1-40%) P37 (1-20%) 3 P37 (1+20%) P3°(1+40%) P37 (1+60%) F3°(1+80%)
4 MT(1-80% PAT(1-60%) P4T(1-40% R4T(1-20%) P4 P (1+20%) P4 (1+40%) P4 (1+60%) P47 (1+80%)
5 P57(1-80% FBT(1-60% FBT(1-40% FBT(1-20% » BB (1+20%) P (1+40% P57 (1+60%) P57 (1+80%)
6 P(1-8% P6T(1-60% FT(1-40% R6T(1-20%) F6 6 (1+20%) P (1+40%) P6(1+60%) F6°(1+80%)
7 P7TT(1-80% PTT(1-609%) PTT(1-40%) PTT(1-20%) P P7°(1+20%) P77 (1+40%) P77 (1+60%) P7"(1+80%)
8 P (1-80% P (1-60% P (1-40% P8 (1-20%) P P8 (1+20%) P (1+40%) P8 (1+60%) P8 (1+80%)
9 PT(1-80% PT(1-60% FT(1-40% P (1-20% 2 P (1+20% PO (1+40%) PO (1+60%) PO (1+80%)
10 PO (1-80% PIO"(1-60% PO (1-40%) PLO"(1- 20%) P10 PIO"(1+20%) PO (1+40%) PlO"(1+60%) PL0 " (1+80%)
11 P17 (1-809% PL1"(1-60% PLL"(1-40%) PLL™(1-20%) P11 PIL"(1+20%) PL1"(1+40%) PLL"(1+60%) PLL™(1+80%)
2 PR2°(1-80% PR2°(1-60% PR (1-40% PL2°(1-20% PL2 PL2" (1+420%) P2 (1+40%) PR2°(1+60%) P12 (1+80%)
5 Scenario 5 is the beginning scenario
1.2
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Table2 Four kinds o hydrdogical index methods!™!
Methods Qonrputation formulas Bplanaions
12
31 cic- g It can
Hydrological HD = Z — x 100 % (1) reflect the relative change between gauged flow and
deviation 1= Z n naturd flow
&
EPXEE
= - . > N ’
Rtio flow RIS R 0 Snstive o
deviation Cik n high flow and low flow, whereas invdid to zero
0 =t M Gy = @ rauwd flow
Annua proportional APFD = |: i [M] 2j| E ©) ) ‘ 0 Sendtive to
flow deviation J_Z iZ n; seaond change and fish dendty , whereas invalid to
zero natura flow
© 3 4
sl slesm]e
AAPFD = = Y APFD
v ‘ . , , , , _
Amended annudl ,Z ._Z Njj Improved APFD , which
proportiond flow — 12 increases with the human factors
deviation ETIN 4
i
Cik k , Njj ] I Cik isthe flow of nonth i in year k and Njj the naturd flow of month i in year j
11 3 AAPPD
4 ’ AAPFD Table 3 Rdationship between AAPFD and hydradogical index
AAPFD Hydrological index
' <0.1 10
Gehrke  AAPFD Murray - 0.1 02 9
Darling AAPFD >0.2 0.3 8
, 2 AAPFD >0.3 0.5 7
5a ,Marchan ~ Hehir >0.5 1.0 6
>1 1.5 5
la,
>1.5 2 4
[13] PFD
AA ! >2 3 3
) >3 4 2
>4 5 1
>5 0
Ladson 1995 ISC(Index of
Stream Qondiition) e AAPRD 3
(AAPFD) AAPFD
: 0, ;
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Table 4 Monthly flow in every date in the gauge dation of Rikaze
1 2 3 4 5 6 7 8 9
Month Scenario 1 Scenario 2 Scenario 3 Scenario 4 Seenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9
1 10.52 % 21.04% 31.56 % 42.08 % 52.60 % 63.12 % 73.64 % 84.16 % 94. 68 %
2 10.02 % 20.05% 30.07 % 40.10 % 50.12 % 60.14 % 70.17 % 80.19 % 90.22 %
3 9.21% 18.42 % 27.64 % 36.85% 46.06 % 55.27 % 64.48 % 73.70% 82.91 %
4 7.14% 14.27% 21.41% 28.54 % 35.68 % 42.82% 49.95 % 57.09 % 64.22 %
5 7.76 % 15.51 % 23.271% 31.02% 38.78% 46.54 % 54.29 % 62.05 % 69. 80 %
6 6.27 % 12.54 % 18.80 % 25.07 % 31.34% 37.61% 43.88 % 50.14 % 56.41 %
7 9.01% 18.02 % 27.03 % 36.04 % 45.05 % 54.06 % 63.07 % 72.08 % 81.09 %
8 11.37% 22.74% 34.11% 45.48 % 56.85 % 68.22 % 79.59 % 90. 96 % 100. 00 %
9 11.27% 22.53% 33.80 % 45.06 % 56.33 % 67.60 % 78.86 % 90.13 % 100. 00 %
10 10.83 % 21.66 % 32.50 % 43.33% 54.16 % 64.99 % 75.82 % 86.66 % 97.49 %
1 10.88 % 21.77% 32.65 % 43.54 % 54.42 % 65.30 % 76.19 % 87.07 % 97.96 %
12 3.283% 6.46 % 9.68 % 12.91 % 16.14 % 19.37% 22.60 % 25.82 % 29.05%
5 AAPFD ( : )
Table 5 How, AAPFD and hydraogical index in every date in Rikaze gation
1 2 3 4 5 6 7 8 9
Month Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9
1 0.06 0.13 0.19 0.25 0.32 0.38 0.44 0.51 0.57
2 0.05 0.11 0.16 0.21 0.27 0.32 0.37 0.43 0.48
3 0.06 0.12 0.18 0.24 0.29 0.35 0.41 0.47 0.53
4 0.04 0.08 0.12 0.15 0.19 0.23 0.27 0.31 0.35
5 0.04 0.08 0.13 0.17 0.21 0.25 0.3 0.34 0.38
6 0.08 0.17 0.25 0.33 0.42 0.5 0.58 0.67 0.75
7 0.32 0.64 0.9 1.28 1.6 1.92 2.24 2.56 2.88
8 0.49 0.98 1.47 1.97 2.46 2.95 3.44 3.93 4.32
9 0.33 0.66 0.9 1.32 1.65 1.98 2.31 2.64 2.93
10 0.15 0.3 0.45 0.6 0.75 0.9 1.05 1.2 1.35
11 0.09 0.18 0.27 0.36 0.45 0.54 0.63 0.72 0.81
12 0.02 0.04 0.06 0.09 0.11 0.13 0.15 0.17 0.19
AAPFD 4.05 3.55 3.07 2.59 2.15 1.78 1.51 1.39 1.38
Hydrologica 1 2 2 3 3 4 4 5 5
index
s s 100
=2 5
iéé g 60
22 40
GRS
=2 & 20
® g
O 0 | 1 | | 1 | | | | | I
1 23 45 6 7 8 9 1011 12 &4
9 H 4 Month Total
2 1980 2000

Fg.2 Raiod reguated flow to naturd flow in Rikaze gation between 1980
and 2000
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