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Quantitative study of two-way compensation for rivers transboundary water pollution
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(State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’an University of Technology,
Xi’an 710048, China)
Abstract: Aiming at the problem of pollution caused by transboundary pollutants transferring
from the upper reaches to the lower reaches of rivers, a quantitative compensation method and
system framework for the impact of transboundary pollutants in rivers are proposed. In order to
solve the problem that using the traditional compensation methods does not consider the factors of
reverse compensation, river section flow or transboundary pollutants transfer, the paper provides
a fairer, more scientific and more rigorous method for calculating the profit and loss of trans-
boundary water pollution compensation. The main stream of Weihe River is selected for verifica-
tion. The cost treatment method based on pollutant flux of section is supported by water quality
and water quantity data. COD and NH;-N are taken as compensation factors with the water quali-
ty standards of the city boundary sections used as benchmarks to calculate the contribution rates
of the water quality of downstream river sections caused by the upstream water pollution. Com-
bined with the water pollution compensation standard, the water pollution profit and loss com-
pensation calculation are carried out so as to obtain the compensation amount that each area
should gain/undertake, defining and quantifying the responsibilities of stakeholders more objec-
tive and more reasonable. The results show that the compensation can basically reflect the water
environment quality of each administrative region. The method can promote the implementation
of transboundary water pollution compensation, which provides a reference for the application of

compensation calculation.

Wi EHHE: 2020-08-12; MK HRRHEHI: 2020-11-18

] & HH Rt 4k : https://kns. enki. net/kems/detail/61. 1294. N. 20201118. 0945. 002. html

EEUWA: BFEAMRPFIESREIUE (51679188) ; BRVH 45 /K FIBL £ 113 BF B 5 B (2018slkj-4) s P4k 52 X AR 25K F B K
WS S E | FE AT R B3 H (2019KJCXTD-5)

E—1EH R BB LR BT IE T 1 K SOK SR IR B B K Al Bk . E-mail . 18702529733@163. com

BEEE: ZERLE L 2082, S 05807 0 K 5 IR I8 B IR A K RS B AL, E-mail: jgluo@xaut. edu. cn



186 VG223 TR 222447 (2021 45 37 45 2 1)

Key words: transboundary; pollutant; transmission impact; quantization compensation; profit

and loss accounting; pollutant flux

T A S K TR B BRI L B T Ry i R T 4 LA
R 1 ) st At Sl 43 2 Tl A 7= 5k 3 R R T D
JE K s W2 A G AR PR A IR R R TS g g s Bt
RSP R E R IE R A ATk T AR,
A X 8 28 B U 9 K R 7 R B ) 2 TR P X 38K
2 [) ) SF- i e et

B 5 45 i X 14 28 55 e LN T R A1 486 T L 5 T
K5 Ye R R 00 B R A i B AR K R HETS BT S| &
(14 7K P 85 1] f o e di e, AR T K T A R
PEIR AR B KI5 Y B 4™ T 5 i 51 A A5 A B A0 IR
A RITHIL X 28 55 1 & R T X i LA I R ) 8 SR K TS
Pe | G5, 30 43 V5 ST B T b K B R B B = 4k 4
2RI PR I T R B T 7 A 3 X ek = ) A 1) A S AR
FEHIL A A S TF R U 3 K TS Y kb R A g O T
G WAL T 5 S 18T K ST E AR 1 B AT 28 U 40 0] 2
KI5 Y AT B E R 22 ) HE AT KI5 G kb 2 R 2
FE,

TSR 1 5 LK T Y kD 1) AT B A — AN A DA T
B AT 35 5 2R (10 R ) R, M AT A XL ) (1 5
A NSRRI, B K 5 Yk 43 R K TS e gt
R TG o2 KT T 7K S5 36 s 32 25 P A2 T A 2 46 R A
BT 1T i XX i X R AT IR R S R A bR
T TR ST AT I8 DX X i 4 AR 1 A 5 7K DR AR A I o b
o o AELJE I [h) M2 A S e B S B 20 L 2 X
T PTG A i A% L [ PN A o 1 Ak
3 3=t BT 1T 7K 5 A s A7 Rk T e W A R vk ok T
B PR i A A A B I R O IX S A 3T T K A
T Y et I Vit TR TE BT T K T A TR S YO i
15 Y ) it AL 33 2 b T U A A [ R B 1 5% i) (it
Qb 1 I 3 A A AR 2 A% 8T T 1) i — 4 Tl K (R 3R
A48 DA S5 W8 T 55 25 A W TET 1Y) 22 A9 38 K R BT
L A o VT T 3 5k 7 A K5 M R L ) I B N S
JEOO) 7, 8 A 5 B . A N T T R T O A N
AHME T 1% 55 U 2 s K J5i 198 0 AR R0 T 3 2 R
Tei) 4 30 LM 4 0 — B L X 5 S PR B AR
NEE T KIS Y AME A S AR TE 11 £ 1) 45 H
o7 FH ME LAV 52, o0 T A BRI 43 A0 iR s K TS e i
2 TEAT: » 5 Ak H 56 b X IBURE X K R 5 1 AR 7 B3 L 42
PEK T E AR I S BR, F AK 75 Y b B T ks i AT AR
b 58 3 2 21 RiT IR A A R A 1] A

X A% Gt it KI5 Y M A B R AE AR 1 ) R
AR SCHE RN 5 Y ) s A2 3o 5 ) R R R AT A AL

SR JH AL T W87 T 75 Y% 0 3 A 04 B A &b B 5 T (R
L35 25 FERT A W AT K 5 I PR R A S D L DLTE T
3L T BB T K SR 1 38 B K Ty R XK O R
b N AN REE S R (5 AR
AR R 3 i B A R T XK AT 2 W X i
T B 7K SRR AR / 25 BT RS, -k A0 AR 5C DX 15 5t
W T o 7 DX ) K o ) S W A S S 45 Bk R A K
15 Y M bR v 5 R R ST XN 3% R H /AR AT B
foda /b i, DT 9 52 85 5K 95 G AR TTAT L AT 5
25 OB R IR K T Y s s R

1 AR R ARSI E MR
RIEZR

M) AR L R TS R R = A T
F ot AT IR RHER B P, AR SO T o B Rk
kM2 42 A% ST B AL — FhRL 24 5 B 5 SR AR ) O 1k
BT KI5 Y 25 A% ST R K R K B SRR
45 G B 98 I S K PR B8 ROK B R A B R R S 0
(14 38k 5 G R AIE R, S A v Ak L 4% B4R AN ST A
(R3] S0 5 Y ) s A2 3ok 5 W) 114 kT R B A Y, L3
ARHELRAR R AN E 1 IR .

1) MoK G ) 5| K 16 F) 25 vh 58 AT, L IX R
25 W 2 S U AR BT AT B T AR R TN 0 B A L 7 B
T M B T 2O AR i M DL R S R
N T I R 5E 3

2) HRE IR B G I A S Y WA L A
S5 15 B A AL R0 B — AN 7 T . SEAAE
5 B IK Y5 Y M 43 Ry 7K T Y 481 R T 2 AR DB 1T 7K T 3k
PR32 25 M2 o B Ia] A S 1 A AT A S BT 11
JO7 SR N ST SR, 2 p B 3 SR K A B AR A T
B R 25 4000 o X i AT AN L RME L
T AR AL GE ) K TS Y A A R A R b i
KA Yy Xot T Ui TR S U T K 5 9 BT R % LR R
i 1) 7K S5 PR 285 SR O RE R . AR SOOI 3 95 Y W £ 3
S R AT A A5 B AR 5 AT B X T K AR TS G )
25 LT T /I I 7 A R W A S ) R R s DA O T O
SV T 2 5 35 B K S50 H A Ry 3 o L 4 A W T I S
DA W T ¥ Y 00 30 o 2 5 A A R A T K AR
15 Yo W) 26 3 AL 33 I i A HE B BT T VS G A 3 A
WU L DX R A 5 Y i XIS TS e )
A o A 8 T TR KR AR A T O A7 £ X
Gl BT B 3 i ERO(E A R S ) 15 B kAT



RBL, A T S K S g Wi MBS SE AR AT AT 187

K IG GerME B R
3) AR A A A S AR O B L R o3 B

FE I T IT PR PR AR T A B A
B 2 B8 5 LI T0 T 3 f91 o i A R A A

] Bk Hib ] [ATBCE G :
: 15k P Sl :
i A WAL, [Fare !
; fitk k51 iR :

g

STl

WL R (T
B AL B

] ] ] [
o TEEE [RENTR|  [EREE
e 5y I B B
I I I |
i
i * +
Ve YLl i 5 hRUE T
T j\%ﬂ{ﬁ%{]% fnh i . KT RAME

B
R A

IR RAM

P I T Y W i A% 3k 5 i ) AR B R A RE 2R R

Fig. 1

2 AR EFEEY N E N ME
=AY

2.1 EHFE

AR S A K B R R R K T Gl 5 R A 18 R )
B AUV BT 3 TR VS Y A% 3 Y TR AR AR
b IR 15 Y AEIF o W B FE TR A, LTS e B
A 52 300 5 il s B AR S R X e /N RT3 L RS e
B AE AR PRIE & 395 I35 B AN Wi D | Bon] A — 4]
LK AR Y 1) FE AR 7 RRAE Ry s il O AR

Cf::(%cxp(—-kgg?1;> (D

A G T B L Wi 5 e Yk . mg/L; C, B
B Wi {5 Qe Mk . mg/Ls o O bR Wi (] Y
PR kms o B B R A BF S 58, m/ s
kNGB AR, 1/d .

LA 5 5 W 1T 7 5 s A s o of ) W 7K 52 15 38
o+ Kt 358 W T I A AT 3 B9 7 P X v R SR i H A
Co 1 228 AF g A2 5 AU A — 47K 5T A AL, 9 i 75 2]
B SRS O, W = M3 MR B P, Ko At
— B 25 TS bR AR b U AT BB TT K AR A K

Basic framework system diagram of quantitative compensation for transboundary transmission of river pollutants
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Tab.1 Division table of river calculation unit
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Fig. 2 Schematic diagram of the location of the water quality research section
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R 22017 AEJET A K SC CODUNH,-N A -3k 2

Tab. 2 Monthly average concentration of COD and NH;-N in hydrological stations on the main stream of the Weihe River in 2017
i COD ¥ JE/(mg « L) NH,;-N ¥/ (mg « L)
MER e B Ik 18 8 MER KR J3l B Ik 18 8
1 6.0 26.0 15.0 18.0 26.0 0.5 0.3 0.6 3.4 1.8
2 14.0 23.0 19.0 19.0 23.0 0.7 2.3 0.5 1.8 1.2
3 7.0 20.0 16.0 18.0 25.0 0.4 1.6 0.5 2.3 1.2
4 9.0 15.0 19.0 14.0 19.0 1.1 0.3 0.2 1.5 0.8
5 13.0 15.0 26.0 16.0 20.0 0.6 0.2 0.2 1.3 0.9
6 9.0 20.0 23.0 13.0 19.0 0.3 0.3 0.2 1.4 0.5
7 13.0 20.0 11.0 16.0 29.0 0.4 0.1 0.6 1.7 0.2
8 14.0 14.0 17.0 21.0 20.0 0.5 0.2 3.4 1.2 1.2
9 10.0 12.0 11.0 12.0 14.0 0.3 0.2 0.8 0.9 0.1
10 12.0 15.0 13.0 14.0 9.0 0.4 0.5 0.6 0.9 0.3
11 8.0 18.0 8.0 12.0 15.0 0.4 0.3 0.5 0.7 0.4
12 9.0 18.0 11.0 8.0 16.0 0.3 0.6 0.9 0.6 1.1
KB bR <20.0 <20.0 <30.0 <{30.0 <30.0 <l.0 <Lo @ <1.5 <1.5 <1.5
3 2017 AW IR A K SCuh H s e R R AL
Tab.3 Monthly pollutant attenuation coefficients of hydrological stations on the main stream of the Weihe River in 2017
iy ad
155 1A 2H 3H 4H 5A 61 ;| 8 H 9H 0wHA 11A 12A
COD 0.24 0.246 0.258 0.263 0.250 0.265 0.283 0.278 0.287 0. 285 0. 245 0.246
NH;-N 0.09 0.192 21.6 43.0 24.7 60. 7 20. 3 57.8 44,2 167.0 33.5 19.0

3) VT I A A i

I R AIE 5 A6 T ek L A T 9 0 )k UM R
b R BH A AR L = AN K SO S AR R B I L B R
K S 3k 22 1 3 04 AR AR I 35l i Y 00 32 2 25 ek
BRI S o S 7 /0N TV AR Ok R 52 ) L 1E B 2015
A3 H — I I A U A S R AR 2 (6) 75 3
TR Q) ~FH (V) KRk 4 FiR,

FA4 o WERMERECER R

Tab. 4 Flow velocity function relation

i 44 &k
RN V = 0.165 4Q"™" ,R* = 0.983 3
MR V = 0.165 4Q"** ,R* = 0.983 3
Ja BH V = 0.173 5Q"%* ,R* = 0.901 2
Il i V =10.173 5Q"** ,R* = 0.901 2
1e L V = 0.066 7Q"""" ,R* = 0.949 6

ERPFRBEE,

AL 2017 A8 AT T I A5 K SO ik 4% 7 OF
SN R SN (SR A TR R AWAEZL /N W NI & 21
5 H B, g 5 Mk 6 iR,
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5 2017 ARJE T URA K SO A S 2

Tab.5 Average monthly flow of each hydrological station on the main stream of the Weihe River in 2017

A7 m® e s
i 44 1H 2 A 3 H 1A 5A 6 A 7A 8 A 9 H 10 A 11 A 12 A
MF FF 12.2  12.4  20.5 52,9 29.0 49.9 22,0 46.5 43.6 103.0  38.7 19.9
B R 11.4  11.8 21.6  43.0 24.7 60.7 20.3 57.8 44.2 167.0  33.5 19.0
J A 20.2 21.3 28.5 73,7 58.5 101.0 21.8 69.8 104.0 359.0  80.4 48.5
I v 65.9 56.3 80.5 140.0 110.0 149.0 54.4 129.0 204.0 445.0 122.0  74.4
==Y 55.4  36.7 77.9 161.0 129.0 162.0 34.2 135.0 236.0 558.0  143.0 76.0

K6 2017 ARJE A K SO A -2

Tab. 6 Average monthly flow velocity of hydrological stations on the main stream of the Weihe River in 2017

A :me s
i 4 14 2 A 3 A 4 51 6 A ;| 8 9 A 10 A 11 12
R R 0.6 0.6 0.8 1.4 1.0 1.3 0.9 1.3 1.2 2.0 1.2 0.8
R 0.6 0.6 0.9 1.2 0.9 1.5 0.8 1.4 1.3 2.6 1.1 0.8
B 0.5 0.5 0.5 0.7 0.7 0.8 0.5 0.7 0.8 1.2 0.7 0.6
e 2 0.7 0.7 0.7 0.9 0.8 0.9 0.7 0.9 1.0 1.3 0.9 0.7
45 B 0.4 0.4 0.5 0.7 0.7 0.7 0.4 0.7 0.9 1.3 0.7 0.5

FT 2017 4E 1 A BN TR A W COD 1% 3% 1 15
Tab.7 COD transmission in the city boundary section of the Weihe River in January 2017

Hfr:mg e L

ﬂigﬁ gl BEK ‘f;ﬁf; A {;E;;; miﬁf‘fﬁ* WA HOF e
B AT —14.0 —14.0
ey G| —12.9 3.7 15.2 6.0
Ak BF 2k B A —8.4 2.4 9.8 —17.1 —1.8 —15.0
A H —5.9 1.7 6.9 —12.0 —1.2 —1.5 —12.0
A —2.4 0.7 2.8 —4.9 —0.5 —0.6 0.9 —4.0

AN ) AT AR RAT LR T i i/ PR,
o HE T X BB T PR KT B /38 B SRR R R 8

# 8 2017 4F 1 HIEW i A Wrim COD B4R /34 5T Mk o5 He A o0

Tab. 8 Proportion of COD exceeding/reaching the standard in the city boundary section of the Weihe River in January 2017

ZIEATB 1.0

oK A —2.1 0.6 2.5

R FH 2R AT 0.6 —0.2 —0.7 1.1 0.1

FW A 0.5 —0.1 —0.6 1.0 0.1 0.1

AH O 0.6 —0.2 —0.7 1.2 0.1 0.2 —0.2
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Tab.9 COD compensation for the city boundary section of the Weihe River in 2017

By T TT

VR U T s A E— VAR 7K 1T — AR BF 2% AT —

g mm BRI s AT i
BIEAE  —3284.15
B —2 860.72 256. 27 1.043.97
RRHZBRAT  —5 626. 76 585.93 2 386. 90 —9205.96  —954.76
FEWAL —7 526. 44 852. 40 347242  —11984.02 —1 242.88 —5702.53

A #E —5 044. 39 486. 44 1981.61 —7942.15  —823.69 —3431.09 —7515.17

TE < 22 v TE B3R 75 3 i DO T Jife W 18T 7 i DX 7K 95 e 4 2R T 5% 5 B 0 s B i IXORE 3R A 1 kb A BT Ui T DX TR K B
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Tab. 10 NH;-N compensation for the city boundary section of the Weihe River in 2017

LX I
ey G A JE— K 1 — 5 —
wis A8 —240. 08
B H —269. 69 2.01 8.17
Rk B —484. 80 —0.37 —1.50 —240. 30 —24.92
FWAH —696.93 —10. 20 —41.57 —318.08 —32.99 650. 86
AtO —592.92 —3.99 —16.26 —288.53 —29.92 436.76 —1302.28
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Tab. 11 Compensation for cross-border water pollution in the boundary section of the Weihe River in 2017

By T
VR 3 W T B AE— i VR 7K 1T — AR BF 2% B AT — .
s EW R LN A i
VI —3524.24
BoKWE —3130.41 258. 28 1052.15
RRHZ AT —6 111,55 585. 56 2 385.39 —9 446. 26 —979. 68
EWAL  —8 223,37 842,19 3 430. 84 —12302.10  —1 275.87 —5051.66
A #E —5 637. 31 482. 45 1 .965. 34 —8230. 68 —853. 61 —2994. 34 —8 817.45

TR R I o 2 45 A B TR L i XS 4
7K T e M B A CIEARD) » 7K BT 38 b 52 i #2202 4
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TR W T A T DX DR 2 T 3 R R L BT 4
TR CRUED B B i T B R O T 00 K
[t A5 R WA T 2 R K BREE 2 4 L T RS bl

L E TG T AME 3 130. 41 Jo0. M X E 45 7Y
LT AR T G 0 AT — B K H B Ko 4>
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