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Research on the health assessment of river ecosystem in the area of Tumen

River Basin
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Abstract; Rivers play a key role in ecosystems and society, and they provide a range of ecosystem functions such as shelter
and food source for an array of biological species, aid in flood management and ecological refuge development. Socially,
rivers accommodate communities by providing a medium for transport, recreation, tourism, worship, ecosystem services and
a place to experience the serenity of nature Tumen River is an international river which located in the national boundaries of
China, North Korea and Russia. With the three countries have different management and policies, it has been being
seriously destroyed by various human activities including contaminant discharge, damming, solidifying riverside, destroying
vegetation in the riparian zone and etc., resulting in deterioration of water environment, degradation of biological
communities and riverbed atrophying It brings bad affection on the social and economic development of Tumen River Basin
area which also affects and restricts the regional economic development. Therefore, the restoration and maintenance of
“healthy” river ecosystems have become important objective of river management.

In this paper, we summarize the current health conditions of national and international river ecosystem, and establish
an evaluation system for ecological health, which is suitable for the river ecosystem in Tumen River Basin. The system
includes an objective layer, a rule layer with 5 factors and an index layer with 22 defined indexes. The objective layer

generalized to the river health highly, reflecting the total level of the healthy condition of river by the river health index
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(RHI).The rule layers, which consider the river hydrology, river morphology, riparian zone, water quality parameters,
aquatic organisms, reflected the river health attribute and level from different sides. The index layer included 22 qualitative
and quantitative evaluation indicators. In this system, a health assessment index for river ecosystem is constructed based on
five health stage criteria; primary health(81<RHI<100) ;health(61<RHI<80) ;sub-health (41<RHI<60) ; poor(21<RHI<
40) ;worse (0<RHI<20) .According to the evaluation index system, the weight of each index is calculated using an analytic
hierarchy process and then the final index value calculated using with the method of weighted average. Then samples are
collected at 25 sites of Tumen River Basin.The result shows that the RHI of all sites are between 45.59—92.84. Based on
the systimetic assessment, the assessed sites are categorized into 6 sites are in ° primary health’ condition, about 24
percent, 12 sites are in ‘ health’ condition, about 48 percent and 7 sites are in ‘sub-health’ condition, about 28 percent.
The sites in ‘Poor’ and ‘worse’ condition is occupied zero. The results show that the river health condition in the Area of
Tumen River Basin is in 'health’ level on the whole.Using the 25 points of information, the correlation among RHI and river
hydrology, river morghology ,riparian zone, water quality parameters, aquatic organisms is analysed in the spss software.The
results show that there is a significant correlation with RHI and aquatic organisms, Water quality parameters, river
morphology, riparian zone ( P<0.05), the correlation coefficients are 0.847, 0.757,0.740, 0.547.There is significant
correlation between RHI and, aquatic organisms indexes of fish resources and FCC; Water quality parameters of BOD,
COD,,y, COD; River Hydrology indexes of flow condition, riparian zone of vegetation diversity indexs ( P<0.05).Strategies
on river protection, recovery and sustainable development in the area of Tumen river ecosystem are proposed with the

analyses of related threats. River ecosystem in this region needs science-based conservation and management.

Key Words: river; health assessment; ecosystem; Tumen River Basin
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Fig.1 Distributions of sampling sites in Tumen River Basin
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Table 1 The river health assessment index system of the Tumen River basin
— A & ZYdRbR ED
Primary index Weight Secondary index Weight
T AR LR A TR K SCHEBR (B1) 0.222 A% Current velocity (C11) 0.333
AL River hydrology( B1) 7K Water flow (C12) 0.500
River Heath JKF] THEFHE Disturbance of hydraulic engineering (C13) 0.167
Index Al WL AR bR (B2) 0.111 AT RSB River substrate (C21) 0.272
Physical morphology ( B2) AR Sinuosity (€22) 0.091
VA MU RS Change in river course ((C23) 0.182
TR EVE Bank stability (C24) 0.091
TR RS E P Bed stability (G25) 0.182
iR (C26) 0.182
Tl e bR (B3) 0.111 ] BT S8 Riparian width (C31) 0.144
Riparian zone( B3) {(ﬂig%ﬁhi;ﬁ;’ JEHEHY richness index of Riparian species 0.251
T B M) b 2 REMEFE L diversity index of Riparian species
(C33) 0.289
LR SEAENE structure integrity (C34) 0.190
L X 42352570 Riparian dominant habitat ( C35) 0.126
KRG bR (B4) 0.333 BB TP(C41) 0.125
Water quality % NH,-N (C42) 0.125
parameter( B4) R4 DO (C43) 0.125
A ALTR 4 BOD (C44) 0.125
FERIR AR AL CODy, (C45) 0.250
2T A RS COD (C46) 0.250
T AE BIHE AR (BS) 0.222 PRI J LT X H Geometric mean of FCC (C51) 0.500
Aquatic organisms( BS) 1025 %E YR Fish resources( C52) 0.500
£2 BEUBIRBUTRAKSIEFRAIENARAE
Table 2 Assessment criteria for the hydrologic subindex of the Tumen River basin
BRAEEED SrR AR SHHE
Assessment index Assessment index Score
L (C11) HErMRE, K& K2 s 8 H A 7KL Varied velocity with obvious lipper 4
Current velocity(C11) AR PP, s B — 5 K IEH L Same velocity with less lipper 3
R FH Y — KRG Same velocity with no lipper 2

KRR FL B With no velocity
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BRAEELD GrR AR SHHE
Assessment index Assessment index Score

HBLWT With no flow 0
ki (C12) IRALIR BN H 1 AUAT D IS R AR SR Water reaching banks with few substrates sxposed 4
Water flow (C12) TR T5% ,<25%)E T #-5% Submerged area over75% 3
IR 75% ,<50% K JF##% Submerged area over 50% 2
IKBE R 25% , M KB/ 455 Submerged area less than 25% 1
KR JL -2 5% Water flow very small, with all substrates almost exposed 0
KF TR (CI3) HSRIATTE , KA 200 Natural river, with no disturbance 4
Disturbance of hydraulic T K B 32 K A TR R A S TN 3 A5 95 Water flow frequently disturbed by )
engineering (C13) hydraulic engineering
AL H K T, K37 &L Outlets of hydropower stations with rapids 0
£ 3 BEMVIRBTRESERAIENIRE
Table 3 Assessment criteria for the physical morphology subindex of the Tumen River basin
BREE A Bae & BU SHE
Assessment index Assessment index Score
{73 AR (C21) 41 (>256 mm) 24 % Boulder (>256 mm) 4
River substrate( C21) FEHP A7 (2—256mm) N+ Cobble (2—256 mm) 3
/7 (0.016—2mm) 2 % Sand (0.016—2 mm) 2
A+ H LG A 3 Muddy and organic detritus 1
NSRRI SRR 208 Bk B FE %) I F Antifi cial materials ( construction material, 0
metal , plastic, glass, etc.)
R (C22) HLET P 3.2 AT 38 25 80kt > 3 With > 3 bends visible 4
Sinuosity (€22) TREET PN fib 25 (4 Y] 3845 1 43082 3 Wiith 3 bends visible 3
HUBF P 8 3 (4 TR 3 25 45t 2 With 2 bends visible 2
TRBET PN Sk 25 A4 YT 345 1 452 1 Wiith 1 bend visible 1
VIEZEH Straight course 0

A Bl AR R (C23) TR RE EW)(»H(K Natural states 4

Change in river course( C23) AR D RARTE 2SI Small dredging 3
rh SRR YT bEZM\ Moderate disturbance 2
TEAERFAEIZ U FERAFIG (0K 8 R R EIE Large scale dredging, but with no change 1
AR THECFZ v FUINAE) 38 B R BUIE Serious disturbance ( dredging, damming, etc) 0
with change

WRAREME(C24) VAR RASE , O] AR Stable bank with no obvious erosion 4

Bank stability (C24) WRFAE D KA E{Rh<25% Stable bank with small erosion ( <25%) 3
TRATE , R 25%—50% )
Relatively unstable bank with moderate erosion (25%—50% )
W ERAERE I (R, K B A TE RS 509%—T75% )
Unstable bank with serious erosion (50%—75%)
TR RATRE , 248 KR4 X R 1 > 75% 0
Extremely unstable bank with heavy erosion (>75%)

MRTETE(C25) ANTEAE W] S (TR PR AR ok i R AR e PR AR A

Bed stability (C25) Stable bed with no obvious deposition and degradation
T RAT — 2 AR s IR AR Tl PR R e 3
Relatively stable bed with certain deposition and degradation
P25 AR I A B AL B A AR, TR 8 A 5 %E Relatively unstable bed with moderate deposition 5
and degradation
T R AR E M2 Unstable bed 1
AT R 2 H R AL B AR B AN FASE Extremely unstable bed with serious deposition and degradation 0
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W R IIERAA I
Assessment index Assessment index Score
mHEY R (C26) AR Y B R R Natural soil bank with vegetation 4
Bank protection form (C26) i AR R AE SR Nearly ecological sloping bank 3

SRAOE B P 5 sl O #% A9 £ 5 R 3% Water affinity platform or soil bank with no vegetation 2
B RN TR SIRBIPCA YR Artificial stepped bank or mortared rubble, 1
B AR AL Vertical reinforced concrete 0
F 4 BENVIRENEHIERNIENIRE
Table 4 Assessment criteria for the physical morphology subindex of the Tumen River basin
PEMFEFR Assessment index IR Assessment index /3H Score
A 98 (C31) >50m 4
Riparian width( C31) 35—50m 3
20—35m 2
5—20m 1
<5m 0
A AR AR (C32) >3 4
Richness index of Riparian species( C32) 2—3 3
1—2 2
0—1 1
0 0
] A A R B BETR AR (C33) >40 4
Diversity index of Riparian species( C33) 30—40 3
20—30 2
10—20 1
0—10 0
LERTERE M (C34) LM (3 NEIR) 454 with three species 4
Structure integrity ( C34) 2 M2 with two species 3
2
1 AN ZIK With one species 1
ToAE#E With no species 0
0] A B 2R (C35) PR B Forest or swamp 4
Riparian dominant habitat( C35) HEAK JiHb Shrub or wild land 3
AR AR YFIX. Park, or tourism area 2
R B A% Farmland, or pasture or village 1
YR4E  T.) Urban or industrial area 0
F5 BEBIRIBUTREYWIERIITEN IR E
Table 5 Assessment criteria for aquatic organism subindex of the Tumen River basin
S Syoukiiig W4y
Assessment index Assessment index Score
RIGFTBL{E(C51) <200 4
Geometric mean of FCC (C51) <2000 3
< 10000 2
<20000 1
<40000 0
@ﬁﬁﬁ( C52) MMM EE, H M A 2ELETE With abundant species, 4
Fish resources ( C52) IS E R With many species 3
2 2E— Bt With some species 2
IAR D AT FFAE With few species 1
AT ASAETE With no species 0
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Fig.2  River health comprehensive assessment index scores for

the rivers in Tumen river basin
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Table 6 Correlation between RHI and river health characterization

indexes
HEN= R iRz R
Rule layer Index layer

Bl 0.404 " Cl1 0.613""
C12 -0.052
C13 0.18

B2 0.742** C21 0.616""
Cc22 0.329
C23 0.476 "
C24 0.014
C25 0.561""
C26 0.324

B3 0.547 " C31 0.047
C32 0.624"*
C33 0.505 "
C34 0.484"
C35 0.051

B4 0.757*" C41 0.499"
C42 0.454 "
C43 0.488
C44 0.611"*
C45 0.676 **
C46 0.692"*

B5 0.847 ** C51 0.732"*
C52 0.837""

# 1E 0.05 ZKF ORI EFASE; = = 7E 0.01 AKF (XU) L
A

B W] T A A B 23 5 16 0 ( RHL) LA KT] i 7K SC 4
L (1| 2 = s R Dok s s A L L A = A I 1
HE YR AR R IE S A, ISR ) Pearson AH 243
Mro, GEFFH ARSI Ry T 37 A W 46 s > 7K
PR ERAEAE bR >0 A5 T8 B3 >0 J52 47 6 b > Tl 3 7K SC
AR

RHI 5904 e hn KR ERALTE bR R IE 45
FEbR TR AE 4 TR B E A C (P<0.05) M R B
KUK 0.847 10,757 .0.740 .0.547 . RHI 53K L
R FEHI(P<0.1) M RECH 0.404, Ui B i
f RIS X 5 T A EZL R E R

3 itig
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