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Abstract

Non-point source (NPS) pollution is one of the important contributors to the deterioration of the
surface and groundwater environment. The identification of priority management areas (PMAs) is
crucial for effective management of NPS pollution. However, transport losses within river ecosys-
tems are seldom considered when identifying PMAs, and there is alack of validation for the accuracy
of the results. Therefore, a framework for multi-level PMAs identification was conducted, consider-
ing the effect of river retention and retention load by integrating the SWAT model with the Markov
algorithm. This framework is applied to the Wangkuai Reservoir Watershed in the Haihe River sys-
tem, and the accuracy of the PMAs identification results under different best management measures
(BMPs) is verified. The main results are illustrated as follows: (1) The SWAT model showed strong
performance with high statistical indicators (NSE > 0.60, Rz > 0.79) for the calibration and validation
periods. (2) Anon-linear relationship between the retention coefficient and runoff with a significant
runoff threshold was detected. For both total nitrogen (TN) and total phosphorus (TP), the retention
coefficients held steady when runoff surpassed 1.14~8.23 m3/s. (3) The PMAs for TN are sub-water-
sheds #29 and #30, with load contributions of 74.35% (dry year), 58.45% (normal year), and
76.46% (wet year), and the area accounts for 14.22% of the total basin area. (4) The PMAs for TP
are sub-watershed #33 (dry year), sub-watershed #28 and sub-watershed #33 (normal year), and
sub-watershed #29 and #30 (wet year), with load contributions reaching 53.19%, 78.83%, and
69.69% respectively, and the areas account for 1.20%, 2.95%, and 14.22% respectively. (5) The re-
duction efficiency of PMAs is approximately 4.25 times (TN) and 5.37 times (TP) that of non-PMAs,
confirming the accuracy of the PMAs identification results. The results will provide a reference for
NPS pollution control in similar watersheds.
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Figure 1. The DEM of the Wangkuai Reservoir Watershed
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Table 1. Data sources of the Wangkuai reservoir watershed
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Figure 2. River network and matrix formulation
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Figure 3. The calibration and validation results of monthly
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53179 0.008~3393.932 t A1 0.000~29.165 to F/KFEZFEN . AW EF M, TN F TP Higih s, mAs
IKAERPP KA, RUIFENARRAE TN TP S g it R AT I R R R B EA . BN EMA
BRR/NBIELL, s G fimr ok 2B 240D ks R, R R RE R B L XA AE RS, A
KGN ELE, AOVELNFRE S IR 28R DR . MRty 3, Aok b S B Hp R AR R,
2 23052.60 ha. At X G b TSI T, o040 7E TR 2 B E TR R BT NN KR, FERER . 42
WABRE) N AR Gyt TN A1 TP (IS, 1 iy Gyt th 3 0. R, SZantdiK SO 1A B SR 85
(I, TN A TP i £ B 23 TN 2, TP DAtk Fi[20]. fEAFRKCHE &R, TN g 22
#& TP ffif i) 117~13925 £%, FEEV5 G4 TN Fifarfiy #2072 TP (1) 300~8513 fi%, TN H VS YR Z) 2
TP ] 2~5 fi%, Wi 3 fim. XK TN y5 Y BAG 25 10 2 0] 7 55 AN s IR DTk R

Table 3. Statistical table of TN and TP output
F 3. TN TP ML SR

. N N — . —H- B ﬁ‘“‘
sk kSO S TR N ‘(T{/ft“ fiha) TR %)
()
FiKEE 12, 134 14, 18, 19, 24, 29. 35  1344728.17 53.42 132226.99 40.11
™ SEAKAE 24, 28. 29. 35. 37 1524983.03 37.23 104661.96 31.75
FKE 22 6, 120 13, 14, 18, 19, 24, 22382646.90 68.87 202704.79 61.49
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Figure 4. Spatial distribution of pollution load
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Figure 5. The relationship between retention capacity and runoff in sub-watershed
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ISR K. TP 1) PMAs IR ZE N ES, HIEN T 0.00~101666.96 kg Z [0, {EF/KAIE K
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PMAs FEZ A {ET AR B X I BRI SO IS 1, 35 e i STk BE VAT o i SR 105 4
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it i T Llieab . AR, FARRIK PRI ARG X AT B 2 1) PMAs &84k, RN PMAs 2K
T2 SR BNE VAL s A, T AN G 6] [10]6
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Figure 6. The identification results of PMAs
N
O
6. PMAs HIIRAI44 R
1 I B
20204 20224 » % 20234
4500000
10 1.0
4000000
600000
~ 3 3so0000 ¥
= 1 082
_ i 0]
=z
=
04
200000 o P P Ld
T I T 1000000 I TN 0
7 FHUIAE o0 FAIHE
RREALE REHALE REEALY
302933283734353236242623212719251822176 7 8 131214115 9152 431103 12016 30293533283736242321341819252726223217 7 13 6 12148 9 115152 410313 12016 o0 3029333537283436322423211826271925223117 8 6 14 7 1213915115102 4201 316 o0
il il
12 T 12 120000 —— 12
20204 s 1%\& 20224 o :ﬂ ; 20234
250 o 0o | n
% i %
3 2000 08 3 80000 082
£ ) ES
2 E2 E
= r o~ r
1= 1500 “ﬁ}
= =
£ o g
b 5
W el I T I TP
0 P gamr |17 0000 s |17
BRERLE TR ERERLE
3326373429303126273635 2421 318 6 2213121914 8 5 1 3 11153 3 7 9101617202332 PR e P A S P S

Fli

Figure 7.
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Figure 8. Reduction rates of PMAs and non-PMAs under different BMPs
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