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Abstract ; Protecting the lake-reservoir water environment plays an important role in the water use for production and lives, mainte-
nance of ecological equilibrium, development of tourism industry. Water quality target management is an effective way to protect
the lake-reservoir water. This paper took Shahe Reservoir and its catchment within the Tianmuhu Reservoir area as the study area.

By developing a catchment-scale hydrological and water quality model, hydrological flux and water quality in the Shahe Reservoir
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catchment were simulated, and N and P fluxes into the Tianmuhu Reservoir and their main sources were evaluated. Based on water
quality target of the Tianmuhu Reservoir, environmental capacity for N and P pollutions and the amounts required for reduction
were calculated. Integrating with the ecological protection goal and suitability assessment of land for development, strategies on zon-
ing reduction of N and P pollutions and land regulation have been explored. The results show that the amounts of N and P flowing
into the Shahe Reservoir are 206.0land 3.29 t/a, respectively, with 85.7% and 67.5% from diffuse sources. The difference in
output intensity of N and P is significant between various land use types. Land use with the largest output intensity of total nitrogen
is tea garden, and then followed in turn by farmland, built-up land, bare land, grassland, abandoned farmland, forests, and wet-
land. Output intensity of TP is closely related with the land surface coverage, from which bare land is the largest. The rest are
built-up land, tea garden, farmland, grassland, abandoned farmland, forests and wetland in turn. From the perspective of N and
P transportation processes, the output of TN from the whole catchment is 321.64 t/a, and input amount into the rivers is 255.53
t/a, with 19.4% loss in river channels. Ultimately 206. 01 t/a of TN flowed into the Shahe Reservoir. As for TP, the total amount
from the catchment is 13.42 t/a. There is 7.90 t/a entering into the rivers, with approximately 58.3% loss in the river channel,
and finally 3.29 t/a flowing into the reservoir. The river retention rates of N and P vary between zones, with 34.71% for total ni-
trogen and 84.31% for total phosphorus, respectively. Based on the results of 2009 on calculated fluxes, the input TN should re-
duce 32.01 t/a (or decrease 15.50% ) and 59.66 t/a (or decrease 29.00% ) to meet the criterion of IV and III water quality,
respectively. For TP, the input should reduce 0.682 t/a (or decrease 20.70% ) and 1.479 t/a (or decrease 44.90% ) to meet
the criterion of type III and II water quality, respectively. To reduce the diffuse pollution via regulating land use, indexes such as
plant coverage, water resource preservation, land slope, land use, N/P contribution from each zone and the distance from the road
and villages, should be used to assess the ecological preservation value and exploit applicability, which can help to define the ex-
ploit levels, that is forbidden area, restricted area and preserved area.

Keywords: Water quality target measurement; diffuse pollution; source detection; Shahe Reservoir; hilly land; watershed divi-

sion; Tianmuhu Reservoir
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Fig. 1 The drainage and rivers in Shahe Reservoir watershed
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decision in Shahe Reservoir watershed
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P > B > 854 > IEBEHL > bk > TR . S USRS O B R R R R A
HECE LA i 35 5, R 0. 93 kg/(hm® -+ a) s FLUROZ ST ML, By 0. 87 kg/ (hm® -« a) 5 4 [l (1 HE il 5 4
0.84 kg/(hm’ + a) ; HERC R A AR AY AR ML 5 T 50 18 4, 3490 0. 11 kg/ (hm® - a) . SVBHERCR BE i KB/ MK
ORI > ST L > 25 > b > S > SR Hb > ARl R . A% e VDAL K 2R R T R 1
FEIHY (R F B b  H57 00 25 B i %, 4% Tl b =5 B 5 B A AERL B, 8 R, 122 X — S 5% el it FH 5 L
AT ik 18000 kg/ (hm® - a) , r A4l A 959 ke/ (hm® « a) , i #lk-i Fr i L F2k 24 245 el it A ik g — 2207 2%
el FF i 3 B0 A TR b A P A AR , 330 o A5 T SR 5 A 08 i A R R B8, R LA R R
A P AP b B0 R BV IO 23 I B o 8. 8 5 7. 6 5.

XS ] b A FH 2R TR R R B R BTk i E A T4 (3R 1R 6) , BRI STk AR B R 28 Y, (5 T
VLR 1Y 39. 29 s LU AT , 15 27. 1% 0 5 30050 45. 3% oMM TEk 15. 4% AOTEVELA AL L AT 0, v03
K T 58 A SR B 0 7 3% LA b AN 255 el o =, 2% el — S S b ot 2t DRt e LB i 2 el 4 o R S R (3
o0, ek AR 2, 249 39. 2% s HUCRR SRR, 249147 21 5% 5 ot Bidk 45. 3% AOMCH AL TR 13. 8% i) 1 V5L
. T D0 S S Gt o 10 24 PR S el s st RT3 0 b R 7 o B , 92 A 05 P M AR O s o o8

e 1 YT KPR o8 R P2 B 4% FH 2R 20 0 Wi iR 2
Tab. 1 Land use structure, nitrogen and phosphorus emission intensity of different

land use types in Shahe Reservoir watershed

A HRH Hri PN HH o WIENENE RPRb AR HH A

[ A/ km? 65.5 34.2 13.6 14.4 3.1 0.6 7.2 3.4
AHERCRBE/ (kg(hm? - a)) 5.00 24.96 43.90 11.64 2.35 11.63 22.70 15.67
BEHERR S/ (kg(hm? - a)) 0.11 0.60 0.84 0.24 0.11 0.24 0.87 0.93

3.3 G HMTLAYEBIREETUEIRER

IR BT Y A HERR 2 D7 A0 YA AT AT 6 I e ] A K R R BT ek e AR
TR 08 RH AL S A B 2B iy W e 25 s A T e 2 At DR AR 9 3 PR A [ 3 A7 ) AR ) T R T 2 Sk AR 1
TR A R Y 25 5. WRE AT H 2 iV Y 7 ik 2 AR 19 254k , 3 68 4% B AR 90 3ok P9 AS TR) b B T e e K T
S TR 22 5 AR b T A T T SR T A A T R S A R v B S e YRR R AR i
AR AR ) 737 38 L B AT B 85 SRR, V5 e AP L (515 el A S Ife 0t X, 32 B2 A X e L s
Rfire /D R LB A DG LU T AT i RN ST . 45 T Sl LA v T i DX A 080 L B8 S v, 6 AR
P BRI TTER. MR B2, (R BT B8 R A2, Hh BT B iEx K PR STk L B (B 7).
of b R BB A HE AT A FEREATEE T, 45 SR % VDT K 37 B U HE T Ry 321, 64 va, R
TR 255. 53 Va, FEI T L SRR 2 20 19. 4% | B 2FG 206. 01 t/a kA K ; VY0 IA] 7K J2 375 3ok i s
TR 13,42 Va, E ATTFRAIN 7. 90 Va, fE B 2 i R P B 2 58.3% , 5 A4 3.29 Va #E AKIE; B
SER] UL S A S SR AR RE ) XU R K RS G T TS Y R
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Fig. 5 The distribution of non-point nitrogen (a) and phosphorus (b)

emission intensity in Shahe Reservoir watershed
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Fig. 6 The land use structure (a), nitrogen (b) and phosphorus (c¢)

emissions contribution of different land use types in Shahe Reservoir watershed

AN W2 A A AS AR AR A R AL S D RE R A A AN RS, A TS e A i B
Rt R B AR 22 57 (R 2) - i U 75, # T 90 0 380 L 1) e K, ik 34, 719% , HLUORP AT, 24
7923, 81% , il 0 52 H UL LA 50 , e 89 P 2 A 90 AR 2 ) 2350 08 4. 80% A1 1. 27% . Y] K g it s s A
WA 206. 01 va, e rf A ) 3 dak o PR 0 0 L TIS SR ] J 6 9890 G R I ) 2R 40 iR 20 331 S
32.56% \21.30% 8.47% .25.38% 1 12.29% , Ilfi 15 j3= B 1 AR o v Ji 1 ALY 26. 28% , {H A JZE s 2 o ik B ik
F37.67% , phy aH v LA A e 980 3 R LA S R R R 5 R TR 5 L AR, e T S ) i
HRARR, T 3K 84 31% 5 LA, Ay 73.30% 5 T I 5 F72 1 25 e/ e 990 4 2 e 940 71 ) B 0k L6
153590 22. 54% F1 23.73% . YLK U ST ) T 2R 3. 29 va, o SPATRRAT B o BRI AR R
IR W 189 V4 5 I ) AR R TR 23 22.32% (9. 32% 9. 32% (40. 11% Al 18.93% , T B &
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Fig. 7 The proportion of nitrogen and phosphorus emissions to the reservoir in different sub-watersheds
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Tab. 2 The nitrogen and phosphorus river degradation in different sub-watersheds and the finally

volume into the Shahe Reservoir watershed

L7 SEHRERAR R P HEAR IR R I 8 4% A
T A/ hm? 4701 1186 4847 2311 1552 14597
MAHER/ (Va) 98.98 20.93 73.23 89.94 38.56 321.64
MAATR/ (Va) 89.56 19.22 67.94 55.16 23.65 255.53
MAAFER/(Va) 68.24 17.55 44.36 52.51 23.35 206.01
AT SR B ek % 23.81 8.69 34.71 4.80 1.27 19.38
MBEHECRE/ (Va) 4.24 0.87 2.90 3.87 1.55 13.42
MBEA/ (Va) 2.78 0.60 2.04 1.77 0.71 7.90

MR/ (Va) 0.77 0.31 0.32 1.35 0.55 3.29

ATV A BT IR % 72.30 48.33 84.31 23.73 22.54 58.35

3.4 AEKRBHRER . ETLERHEER S

AKIBE E AR 2 iR A A R 0 R K R Y VR T, KA T 3 e JB 3 B K T T 7 BB T
BRI T SARIAT T o FE AT B G0 7E 3T 1 A i e B 15% , 3T 11 AT F0 T A PR A A B2 s A 4 T A4 0
i, RS 2R 42.0% 5 1 3 A% T BB ZE A AR 101 ity e 2> , DRI 3 4% ) 3 09 B Bl 7 7K 2
rPE B TR AR AN TR, 7K VS R8RSR R T I ) e R AT, I e AR XS A, T B
fiE R LR 28.9% . N T A A% B AT AR I, AW 58 R FH YOI 7K 2 2247 249 A B T, O 8269 x 10° m,
FKHAA(9) T BV A A K FREE 75843 31 o4 187,53 F 147. 53 v/a, W 2N I S HI K FREE 2
B 4,17 f12.17 va( 3£ 3).
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3 VPTIK PR K Bt R B0 45 268 X 7K RIE 7 B 5
Tab. 3 The calculation result of absolute annual water environmental capacity base on water
quality objectives of Shahe Reservoir watershed

PROKRBER KEAFER,  BAARWE,  HARKR KR, - AEY KR

91 ( x10% m®) (mg/1) wksden  pa FATRA e (V)
BANZE 8269 1.5 120 24.79 92.32 187.53
MAMZ 8269 1 80 24.79 92.32 147.53
M2 8269 0.05 4 1.18 1.34 4.17
JsY A S 8269 0.025 2 1.18 1.34 2.17

AWFIER ] 2009 4 B3 £ AR YK BE BVEGA B IV 2K FH R A 5y 32. 01 va, AMIHI
LAy 15.50% , 1] FH T 38 0 4 ik 2R B30 HE B Ut B DR ek 35 83 v/ S UA B T 28K 75 B2 A iz
2 59.66 Va, AWIHII L] 29. 00% , ) FHTRT i A a6 Ak 25 B80S 4 2 sl R 4 DA 11 sk 68. 20 v/a. PRI /K
AR B TR TR Z M AW 5y 0. 682 v/a, AGHIHIIE LUK 20. 70% , ] PR 37 A0 5 ik 2 0B 41 ) D 3
Hest Rk 0. 894 v/a; SBAH I 2K BRI AW 1. 479 vVa, AW LL B 44. 90% , R AT I
PR AR A 22 BSOS A B Sl R o 093 2. 193 va (3R 4) .

P T TR V5 2 5 R AT P O 0 e DX AR T, B a2, AT L 48] s, DR O 2 0 30 b, DX i) 5 e XK 2R 0
e IRHEBCR B s RN RO UG, B B A Re 00 3 25 (B BR, BRI, X e A i 0y 55 0% it il 2ok 2B 25
&5, T 11 1 b A 38 5 AT A DRI 0 /¥ e g A . ARTIR S8 AR 5 3 T ) [T B %k AL B8 /K B 35 s ) T
AN FRIRHE , SR R BT B AR T s iR 2 T 40 Be (3R 4) . S5 3L R VAR P SV A B IV 280 T 20K it
EBRA, F0 08 DX 30 U Ay I 180 8 R L ARV G 3 T8 7 2 ST AR R S 3, T e Y R ] 9 R 0 R SR
TR b X B R AK SR B K BT SR , B 7T 0 b DX Ry R e AL ) RB A5 LA AR RIS N, AR EORTR 20l ; Ve
KR AR B T 2SRN T 28K 8T E AR, DAFR il I 380 = > 3=, 30 a5 OR 43T 0 b DX R Y 3 D el P ¥ B0 24
HLIIEE.

4 YR K R TR [ 43 DX T i 2R ol L it B A
Tab. 4 The reduction of nitrogen and phosphorus in different sub-watersheds and the final amount

flow into the Shahe Reservoir watershed

7K H AR gE| AKX WEITRE B4R IR PP R A
BANZKEHFE ABIRARR/ (/a) 187.53 34.56 20.34 57.9 59.84 14.89
AW (Va) 32.01 17.95 3.00 0 8.40 2.66
T 08 L 15 % 15.50 34.20 12.90 0 12.30 15.20
Fi B/ (va)  35.83 18.85 3.04 0 11.02 2.91
BAMZKFEEHIE ABIRAR/ (1/a) 147.53 27.19 16. 00 45.55 47.08 11.71
A (Va) 59.66 25.32 7.34 0 21.16 5.83
IR L 181 % 29.00 48.20 31.40 0 31.00 33.20
SR (Va)  68.20 26.60 7.44 0 27.78 6.39
BEEIZOKBEE AR/ (Va) 4.165 0.768 0.452 1.286 1.329 0.331
AR (Va) 0.682 0.580 0.103 0 0 0
IR B8/ % 20.70 43.00 18.50 0 0 0
PR (va)  0.894 0.761 0.132 0 0 0
TR ABIBRHER/ (1Va) 2.165 0.399 0.235 0.669 0.691 0.172
AR/ (Va) 1.479 0.949 0.319 0 0.074 0.137
I L 15 % 44.90 70.40 57.60 0 9.70 44.30
PO (va) 2,193 1.245 0.412 0 0.270 0.266

3.5 MBS REMSERTE
Xof FE B L DR, AL 4 2L BT o R 2 R T IR TS e A 1 15 B W DA bR 2 A T K AR A B A
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Fig. 8 Division evaluation factors and results for pollution reduction in watershed management
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FERFGAPMAE. FZEHE B 5 KR I K BT O35 8 D) B a A, Qs B e e 78 o B KRR R e T T e
JHACAR SRR VR R )R S SR P LA AP AN (. o, 3503 SR Y 1: 50000 (25 m) 07 b % B4 31 58 3K B
AR R AT G S R A O B &, I 20 L A7 A B A5 P 5 el e 7 25 R F 2010 4F ALOS %
1 S AR B 5 /K TR TR 7 B8 7 2R 3 4% IO (14 7K SCRARUASEAEL , FH R T A% e 0 ok b 38 7= 3 40 Sk R . 5954
DLIE 8a ~ d. 7K U5 Hb R4 I 228 [ SRR 7 A STURLE 3 5 VDK B SE bR AR S &, (IR ARRER &
W55 Lo e T SRR /K PR AR 3 i e ) UL 90 48 4R b Uk R AROK IR b OR AP XK 43 7 ) JE , A4 8
WA R PR PR LUBUK F A s, 248 500 m S LA O — G 0R P X LI AE K PR B4R 4910 ) B K AL LR
) DX SR S K RS S IR , A2 7K P BT Rl P 28 1k BRI AR B ORI SR S R B B R IR R BN
2007 4E1 7 9 H &AM R AR X 33 ARG Y (HI/T 338—2007 ) TR 2 1, KAUKE — A
XOABOUK 242 500 m i [ P Y DX, 0 AR4P X O — G AR 47 X AR 1] BE 25 AN /N 3000 m 1 X 38k, — g fj
PR I AN AR A A 4 A 0 T L

AYDART 7K 4TS Y U5 e AT R K U 3% FR) PP A 5 SRR R, U TT K I 3890 e DX R K 1 0 Y R U
X, U H SR 5 B R A 2 U TS Y STk R S, BRI AR B D X R TR S AR S R R R
P E Y B S A b B S5 A, L i b KR VD TRT K R G K B A 4 X8, — LT R B AR AR A
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FECBAFRAR TGN K LSRN A K S I D | 1B A A — R B [ A, DALk L D K DR R X
I AT G AR O K 05 1 32 255 FEEL A T e A A58 B AN AR B0 I s LA S B2, Horp E A O e A
BRI SR A AR A DI, 5 T RN AR B A R S A TS Y s ] 3 B ke S B, 3 B R R B 0T K
RO XE 2 T

BEFELL L A8R, A Tdrisi 59 2 HENPEAG L MCE #E47 19— AL MR AR T A, 2R HUE 8e FIIK 81, 73
B ZS ORGP A O (AN S 0035 FLE , AT WA P LU AR A A (L, 4 BRI 2 ) S K IX et R OF
RIFE 3 A3 X AR LABEH 2 b A SR 3 AP A st I e T AR, LA 3 26 ke st R oy e U Js ) L £
FRIT R E AR PR 2 i ST 55, WO A SRR L 26% ~35% |, i HUIRE B il 2 225 TR R R
TRIIRHEE AR BT, I 35% B H br e At A R b B if 07 R ZE R 0 5 ARl DX A 2 B gl
IV TR 450 DOE A5 T A P -
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VAR 5 A PR IE LA AR . MRS PRI A8 BB, 32 DX 180 3t DX e T 5 JBE i i /b 21 6% ~ 10%
KRR TR X IR R TT Aotk B2 R 3] 12%  ~15% , BAT B SR 25 DR (LR AR | 5 b T 3897 78 e 3 /K )
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2) BRANTF A X - EZADAE K I 8 20— K LA BRI M X, LA SR B i JEE oo B B AR X R g o
FE AT AL 4 G 740 L DX AR A Al L 0 L DX 7K P2 7K SR 2% DX 4 1 8 ) e o7 6 A 480K, B M R DR 5 0T
IR 3 T A 5 i PR P RE 5 B0 D0 24 I 98 3 DR AT L A8 e ik 90% , BV AT L A5l e ik 70%
AR IR BIEL 1Z X I KT R SR N 27% ~35% , BLA B8 A A5 T 8 (A 35 bR b L B0 bt Y] 387 388 Y 0 e,
K3 B4 P AN T 60% . 12 DX S {a] T R 3 AR 1 2R VS SR K A, R R el B IR i, S AR S R
AT, DAPR S I oA = ik 26 2 S R T A TR B 40% BB RO & 1R

3) BRAPETF R X« F2E R I e A AR R B0 (8 il b DX 32 DX 38 BT 7 M AR A A SR A 3 X, (EL RS
VYR W T BT A I A AR PR A R IR X B KT R ik 48% ~T1% B B AR S
TIRE CELIT MR |55 T 1 et /K 8) B B TR AR 7 25% . IR XN RIS FLPEEA T 0T 2, W A T
K07 AT A ATE , TFRE 1 P R A T, AR DXLt A 245 B B A 18, AT A8 2R el v 45, 5
BB IE A TR A, an SR LA T AR LASCH , n] % &A% R 719% B E BRIAAT.
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