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Risk Assessment and Safety Evaluation Using System Normative Indexes Integration

Method for Non-point Source Pollution on Watershed Scale
LIU Jian-chang', YAN Yan', LIU Feng', DING Ding’> ZHAO Ming’

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China; 2. Academy of Macroeconomic Research; National Development and Reform Commission of Chinas Beijing 100824,
China; 3. School of Landscape Architecture, Beijing Forestry University, Beijing 100083, China)

Abstract: Decision-makers take non-point source pollution under control as well as possible results from enough information of risk trend of non-
point source pollution on watershed scale. System normative indexes integration evaluation method about system risk trend was developed when
focusing on that the probability values of some elements attributing to some trend of the system were more than one, and that the system
evaluation needed a formula from the system structure. On the basis of analysis on aspects and characteristics of the system risk normalization,
a new valuation method, the relationship between the normalization values of the system and the factors was established. The Lugu Lake
Watershed in Southwest China was selected as study area to assess the risk of non-point source loss to surface water using this method. The
results indicate that D the wholly risk of non-point source loss to surface water in this watershed is in a high level; @ the system indexes
integration evaluation method is an universal method to evaluate a quality or a trend of any system and shows a great power in comparing several
systems; (@ the method is helpful to attain an effective and integrated assessment on a system when it is combined with other methods.
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Fig.3  Flowchart of evaluation using system normative indexes integration method



602 7N 58

B 296

(SR P T R 1 I, B 58 R PR X G AT
RGN RS B 0 H 1) R % R G SR
el n REVE IR I A 5% W DR 3, O 63X L PR F R R
S KA B T B M DT R R AT O IE 43 AT BAE A8
I3HT .

COBfVE X S 00 34 sl T Rk 1 & X
T 56 B — > 3 G W Rt FA sl o] e I T 2R
My X PP A N RETE IR AT 4 AR JE LLXFf
G AT REPE R L BEAT RGBT, R R X
T S4Bl nT B 2k () T R RE R 1

e R n] LUR 2 R BT i S ik
3 3 AT TRV 2R G R 2 R A Y sl At R 42T
5 F AN R 0 28 G0 i 4 5n] e P 1) 5% )
fiff et S R 7, 2R A DR B R T o 0k, BB G
R TR B R 7, I3 X 2 IR A . 96 &Rt
T8

OffE R T RER LIS KX RS br ik
E DTRR ) P E 1B 5, XX S8 R 1E 47 56 R0 HT , Wi
EHRIERR JFEOCR RO R, ) H X 28 K 1 5%t
ARG I TR OC R AR K X R IR 48 1
o WA N < B nls 28 = S0 O 1 = N A o 1
(ENE SR

(OETRGEIREE T A B RRE
Jii o AR FR A 1R H3 1 R VR G IS B 7 7%, v LA
ARG E A
2.3 Kot

(DRBFHAC KR GEE 1 3 B e )5
IV AR 5 ER] 7 5 S 1) AT B A A 2k — 28 2, X s A
M LLE 1 1R, SRECRLR) 2 8 w7 BLEAR
JACL PR 7~ 3 B B 1. 3 T HEAH ) (R AR DG, X I AR
K7, BARTTEA 2, ] BB AR, slfe DL AR
RZH, AR AT DL A 1) o £ G 3R AR X A
K7, REUA T A5 78 R G085 N s U
SRR LR

ORFSHEFEMAFIAEmFE AR
SRR JE 1 2 SR T R AN S AR T IUE A
I, T A ZR 48 A 45 A DR 1 1R ECLEL B D7) 5 4 R 8 1)
A GHRFAE UL, 52 B 1A o Y 4 J BT W4 3 1K 3R 4
(R, 2 HE A b B A LR R R R Ge i) e
ol M 7208 R 4 oA AH ) BT 1 1 S ME A Y i A0 ], 48
RN R AE B HEAE I RS TR 22 o DR ) Sk
T SV AEAT 2150 AR AR AT HE A IR PR s v A1

GOBFEMm k70 KE M R g AT 5
Pl VPN, RO R T HE S 2, R R T

%, BN AR RGERI 3 A & T RE A A, WL
F R P RRMEAE TR G VT 5 1V S 8 7 R Ge K7 Lk
(g I
2.4 FRUE(UHE

(DB FFRAEE T AR I B B 1A
TREAEL, Fi0) 28 0 J A 4 BT R P O P A iRk 1) %
AT A, 5 IFEET A A, 1 HGAE . RN &R
GEIR T 108 PEAE /0 AT AR AR A Y AP 1 AR A
(17, BT LA YK DR 1) P e M 7 4 T AR B 5 4
HAG TR I, AN A BAG TGAS FAS [R] 1 DR 5 S kAR
KNG 75 HL L UEAE CIr) B, DR 6o (it 4 LA
IR R 2 | T AR B AR b4 1500 e T, R R
A RSO L R A, RFAET LR
TFRE j AMEITCHEN a5 j MEITIHEN S,
FEMETAA Ss FEUEMA AN ay» WIZ B T 1) br EH
GCAD ] 23 30 Ca) TH B A A e R T 34 50 43
A . PP ARAE(E L T LARE 48 DX 1 J8 MR vk SRS B
AN T2 25, L B TE O S A Ak,
AT 2 0% B SRAE:

A, ;ij @5
G(A,) = K; = iz;?if_ (4)

R E K7 R AR DA s v AR A
TR, WA R PR 6 R G0 o i) B R
W LA 15 R0 — A RS A R 190 1 R 50 R
I 1A 2P 5ERT BAR AN DR DAL,
LR PIWHE A RS 5k e R B0k % w1 9
R BUR I BT 55

ORGEIAEMERTHE A RF M EIER
FRUEAEL, AT DA% 28 48 70 M i B v i o TR B o8 R AE
LRI T 54 Ak AT DR 7 A (R VR R oF 55 dn D7
FR DR bR MEAELAH 3R OC 2R I RS bR HEAELAH I ok 3 VR
B H AR HEAE IR is B8 R AL TH 5

(OB I bR iE(E 73 G 2R T2 R 53 #
EH G R G . B R A R RGN R AR
A RETE I BRAEAEL, 2 FSR J8 B2 R B3T3 . S B
P, SR BB e AR AR 2 5 PR H 1 PR VS A
SE G OoRIATHAE .
2.5 RGAEME T

(DRGSR bl R ZE AN
(1) FRGE 1) AR HEAE 5 1% 28 AR 48 (R A HE AT 43 4 DX 1),
BRI LA W 12 3R 8 11 S Aol 4 sl ] B R K/

(D5 HAR R R RGEFREAE ) LB H
AJ DL I 22 A [F) 248 22 400 0] 1 S P i Al ) gt bs o



33 KIEE B 48 LT 2 DR 1 e RSP R T 55 2 R T 7 603

(B B A5 HH B I AR 4, O 7 BN P SR R 2
M

3 FEHREBEIRS RRAMR IR EEGE

3.1 WX AR

I T B )1 A S, 2 JE DU AE
RURE R 2w s T I B, M AT E AE 27°36755" ~
27°47'2"N, 100°43'36" ~ 100°54'20"EZ[H] . %11 J& &b
YLK R, J2 b W7 J2 B v 1T T2 J P v D R 7K, T AR
LIRSS PN R TN (P o = e B NI
km . W52 690.8 my ZR PG 540 5.2 km, ML K2
9.5 km, WIFRZK LT 44 km, WITHITHIAR 50.1 km®, & /K
N 22,5244 m® YR JE A LRI R R AL
RS 5 1 3 1 55 = VR VR ZK I8, B K 7K IR 93.5
m, KRG RE 50 m BT 7 — 21 BL L, SF KR 42
m. WK ATIE B R HU R K T 2R bR, 5 KB WA
12 m. BT R b R 8 R 1% 1 XA o) i S
SUF R, 1 I 58 P R A 22 1 oK 52 7
5 R AR WA L AR T BE A N 3G 0 A i b 1
J&& VAR I A VE 22 P G i AR A
1RZ ) L 51 22 77 0y, T - 3842 ik T g v g
S5 I
3.2 VIR TS G Ok B AR AR RS 1) 45 44 TR A

NIRRT G A E A RGHAT %
22 LI A R U5 v R AR I R R 2, K+
TR IS B IR, 2 s G o K i ok
T R SR ) a2 R Ak 2 R U A
FEVE 7 200 7K - O P L Rl 2 Y L 2 e o5 T AT
JE i AR B T B R A K 25 LIk T
Ja, TER A LUTJUA: B 1 S T3
PR KAFPE R ¢ K ARFFR 7 PO
AT T R .23 B 25 D X6 7K 3 2 U 1 ot
HR S DG AR, 0 P WY A2 0 R A Al SRS e
e R B 0 A R 9 S 5 B N AR DR
ER IR, e [7) 0) 0 458 T 5 75 % 1 RS o ik s AE L C ] 4
TR ) a5 G A I U Bs AR T 5 2 2 5
(PR,

Gunnw =G(RN(SLUKU CU P

:ng(gSL+gK+gC+gP) (5)

3.3 YT R R R e

(DR AR 7 R 51 AR AEE K g,
EAGS FEm ol 7 R H 5 PR & B R 2
ISR R DR /I BB R S B B A O, e S T
B W R - SR R VB AR Bl e O . RO IR Bk, 2%

B4 REEHRSRRENEITEERS
Fig.4 Normative risk system of non-point source pollution

loss to surface water

JEAT RG220 A B A U A T B 1R 90 A, AE
ArcGIS "R R ] — R {4 (B 7 VA AL B AR W S AE U
SR B FE T A REAR i e v L 1) T R R R R B
G 34a (ME F R HCE (T 5 ), 29 ik
T R SRAG ) [ 5 il (1 e A AR B
R B BAT o0 A I ANHEATHRAEL. € EAL R A1 51
L PR THT RS G RARMEE A g 0 e —fRIER T
PR B R (AN D 2 L R B
TS U0 R XSG s L FR) i 4 18T 2 47 B 9 A

—— BEKE —0— WE(G-100)EMNE
1400

—— UK E

1200 |-

1000

800

600

[% 5N E/mm

400 -

200

0 I ! ! ! ! ! I I I I I
1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004

E4r

5 FIEHIRES FIEMEE
Fig.5 Data of precipitation in Lugu Lake Watershed from 1971 to 2004

O AR SL 51k R bR HEAE AU A g,
B b B PR 0 A T Y55 G 2 35 ) DUk sk
Aab FH 8 3 K DRl (ot a2 Th ARD 1) D kAR . R i
AT S FE B L DEM, 75 B 5% S ailh b 345 5 0
1995 FFEHLFhiE 1:25 J7 552 1B 100 m H0Hfs LA
ARG W 6Ca) ], R AreGIS #E4T 3D 230 #7, 2 1L
IR A T, SR H R TR . e Ak e U3 B K IR 7 5
HEL V5 Gt 2 A () A HEARL U gy A U383 T A
HEGE MR L.



604 7N 58

B 29 &

g

0 2600 7200 m

>z

(b) R 1

() AL rFeE

(@ S TRT

Bl 6 NS E IR SRR R B EFE M E

Fig.6  Grid figure of the watershed factors related to non-point source pollution loss

IR PER 7 K 51 B AR KU AE g
B R S e 3452 bt () R A K B K T
AR AR I AR A A A RN THE RN b
Jbt A LT A A AR DG T AR A
VLA U % 2 SRS R 2005 4 S b A A+
RAES3 T, SRAGU 1ok 0 I 8% 2 - 35 110 T b R AT BIL
JE i, B 4K Wischmeier 55 8 V7 ¥ 438 0] ol P {7 o
T2 S ol LA A R, DU S A )
TSR AY ) )l DR B (R 1), BA S B

LG, AR K E A B RIS A CHIFRS SR T 100 m
x 100 m™> ), 1 3D 43 Ml il 6Ch) 1. s ST fk A
5 IR HEAE RS A g » R DRI T RS AR [ R
K2, USRS K AR L. K
(A VA T AL 0.52 A AR IR VA
(WK T ARFEHE I P 51 AR RS g,
L ARKERFFE R 7 P 2R LB v 3
1R e e 5 1 b g A 1 U PR A e ) 1 18 9 2R
I LU AE, F A AT A5 B B A A T



34 KIEE B 48 LT 2 DR 1 e RSP R T 55 2 R T 7 605

N X SN, F 2 OCHRL25, 28 ~ 31 ]34T P 1H
e (WK 2 K H R ES P a8 S
TSI, A3 2] P T B IR LA AL
3D AL W 6Ced 1. A EUE AR # 2005-01-
06 Landsat-5 Fl Landsat-7 % Y6 9% BL ™M B F (43 9%
N 30m x 30m)BEAT AR EER L i X p
T H R MFRUEE S AE g, » 0 TS 1 3382 7 T
5 pEZBLBRUREREAR S PR AR
P EHMETE P A 0.50 0y EEERSEHEAR
®1 FHATETHRET K@

Table 1 Soil erosion factor value in sampling area

KRR KT /geem™ LIHESUL SoM" /% K
HEAR 1.19 Wb T+ 1.04 1.04
IKFE 1.34 UK 1 2.46 0.49
PN 1.44 i+ 2.51 0.53
N 1.45 e IURG + 2.7 0.49
i 1 1.42 b g 1 4.35 0.42
il 2 1.45 D st 1.49 0.98
il 3 1.32 AL gt 5.35 0.70
il 4 1.27 TR+ 1.36 0.54
il 5 1.31 b i+ 2.55 0.89
ARHL 1 1.16 e 4.83 0.45
ARHL 2 1.38 i ORS 1.78 0.52
Mt 3 1.23 TR 4.49 0.40
M 4 1.29 i i+ 2.12 0.93
Mt 5 0.50 i s+ 4.27 0.70
i 6 0.78 A Uk 3E + 4.37 0.56
Mt 7 1.20 TR + 3.89 0.44
Hdh 8 1.06 HitgE+ 3.23 0.50
L 9 1.16 %+ 2.73 0.72
D AU

F2 FEMRE pEFHCBEF
Table 2 P factor and C factor value of Lugu Lake Watershed

THR RS p T R c T
Mt 1 T 2 K AR # 0
N 0.8 | M AJEED
i 0.6 || LW BtECKH)D 0.18
PN 0.4 || £ EEECREHD 0.31
it 0.35 || #ENM 0.035
HEM 0.2 | b 0.06
7K H 0.01 || R4 0.04
KA 0 AR 0.017

OEYLE TN T ¢ 51HE AR EE X E
ge N5 € AT S MR 2 A7 OQ B i A0 B AR o
Xt IR AR £R 5 4 L FAE R/ OR T B AR 1
Yo i B AR NPy B e B It PR 3 AR T 25 AR S
HRL 25, 28 ~ 311, 4% Bh 40 A6 1) - s R H Pl 31453 3

BN R R R ) ¢ R 20 AR R R H o A
Bl SRR B, A2l ¢ B DR 1 I, JF Mg A Al 3D 434
LanfE 6CdD 1. & X ¢ BRI 51 bR EAE AURAE g,
s HIEER MRS AH R, B LU AR
5 ¢ MEEEARIIE . ¢ MEEHEITE ¢ I {H 0.16
h BB HEA

3.4 GRIBIE TG LI R RV bR AR AR T AR 4

WA IR PR BRI W] A AreGIS H vk 5 45 A
TR R TR T G R KRS AR AEAE 23 0 A g H
1.21vgx H0.89 g, 4 0.99. g, }0.26.g, 4 0.33.
BEAL, 25 PR AR AEE AT R ECK 55 L) R A (R 1
AR AR 2 25 AT BATE B HS 5 33t 1 4 I 4k
TR Gt R AR bR AE(E A 2.99.

T8 ST AR AR AR 73 0 DX TR) AT AP s R 7K 1
TR A R TR S B XU, 2 PEAY 25 3 S B vk 4
WAL 10 T ik A b MEAE #EL 0, 1.5 X 1A T 2%
Wk MRS AE (1.5, 2.5 T ) 4 TT 40 2 B« 7
(2.5,3. 51D 1) 4y [ Ziit 2 AU 71 (3.5, 5.0 11X [
H IV G R RSV FE (5.0, 00 DX I V23 2R AR
B v R A TR IR ¥ G U SR A I R vy R R il i
TR G it 2R RURS RS 4 (11 2% Ak T o Al v it
RIBIRAS 1K — 45 AR PSR 1 T 4
LK 1) Y. K 1% AT e 15 28 N 2R TT A i 8y v i 2
OGN I —

4 it

(O IARAEE VOIS, HEIEAE L P4,
JITAT VR AR 7K 3t SR R 89 T AT LU, XA 2
ANAN [ RUE Rt 3R 1) R o i AR B AT — 5 1)l
(P S 3 Ei0P 3 R/ U N TIPS SN 2 N b S
IR TR 3 1R TE P

(DR G 2 N T 5 B VF U 7 VA B3 v n]
PAAEVEA R GURE ol 3 i) BE R I, 5 PR AR o D9 7
X ARG R TR AT 45 H R 1) A TR A T A R
GEHANRYE VPR RIS, 5E ¥ T ARGV R BE
WHR, WEN ARG TTERAA —ENEL . RAZ
PR AR B VRO VE T LRI B T A 4,
RGEE IR JZ IR 7 v R 73 ik £k
PRI I8 %5 24 55 T3R8 5 A B TR R 4 1k
1T B ER S T

(3) R GEhRHEAEL AL VP 2R B AR G 3 HAT 8.
SRR T I . RT UK X ) KRS R IR S B AR
GERSEME KR IR Qe RE JEE S I A B o kTl i
VS5 GV FE < [ REe 0 1A AR L DXl e A 2 A



606

2.

P

% 29 &

R RGN RGN B KRR %5 A0
[F] S AR Ge ) REAT LUy i HAT BRI

EEpds

[1]

[2]

[4]

6]

[7]

[8]

9]

L10]

[11]

[12]

[13]

He C> Riggs J F» Kang Y T. Integration of geographic information
systems and a computer model to evaluate impacts of agricultural
runoff on water quality [J]. Water Resource Bulletin, 1993, 29
(6): 891-900.

Young R A, Onstad C A> Bosch D D> et al. AGNPS: a non-point
source pollution model for evaluating agriculture watersheds [ J].
Journal of Soil and Water Conservation, 1989, 44(2):168-173.
Generating Climate Data for AnnAGNPSL EB/OL]. http: //msa. ars.
usda. gov/ms/oxford/nsl/agnps/ DataPrep/ Weather/ Climate/ Document/
AGNPS2001/Climate . pdf, 2001.

Beasley D B, Huggins L F» Monke E J. ANSWERS: A model for
watershed planning [J]. Transactions of the ASAE, 1980, 23: 938-
944.

Abbott M B> Bathurst J C; Cung J A, et al. Introduction to the
European  hydrological
“SHE”, 1:
distributed modeling system [J]. Journal of Hydrology, 1986, 87(1-
2):45-59.

system-systeme  hydrological ~European,

History and philosophy of a physically-based,

David C A. US Army Corps of Engineers. Storage, treatment, over-
flows runoff model, STORM user’ s manual [ R]. Hydraulic
Engineering Centers U S, 1997. 170.

Amold ] G5 Allen P M, Bernhardt G A. Comprehensive surface-
ground-water flow model [J]. Journal of Hydrology, 1993,142: 47-
69.

Hubber W C, Heaney J P, Nix S J. Storm water management
model, use” s manual version [R]. Department of Environmental
Engineering and Science, University of Florida, F L, 1981. 569.
Williams R D> Nicks A D. A modeling approach to evaluate best
management practices [ J]. Water Science and Technology, 1993,
28:675-678.

Caruso B S. Risk-based targeting of diffuse contaminant sources at
variable spatial scales in a New Zealand high country catchment [J].
Journal of Environmental Management, 2001, 63(3): 249-268.
Sivertun H» Prange L. Non-point source critical area analysis in the
Gissel watershed using GIS [ J]. Environmental Modelling and
Software, 2003, 18(10): 887-898.

Renschler C S, Mannaerts C» Diekkruger B. Evaluating spatial and
temporal variability in soil erosion risk-rainfall erosivity and soil loss
ratios in Andalusia, Spain [J]. Catena, 1999,34:209-225.
Wickham J D> Wade T G. Watershed level risk assessment of nitrogen

and phosphorus expert [ J J. Computers and Electronics in

[14]

[15]

L16]

[17]

18]

L19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Agricultures 2002,37: 15-24.

WRAEVE, LA AR, BRI 0 R SROURE % IR A 358 XURG: VF i
LT ERBERFERT L, 2006, 19C1): 10-14.

Lloyd D K, Lipow M. Reliability: management> methods; and
mathematicsL M]. Prentice Hall, Englewood Cliffs; New Jersey,
1962. 291-299.

Khan F 1, Husain T. Risk assessment and safety evaluation using
probabilistic fault tree analysis [ J]. Human and Ecological Risk
Assessment, 2001, 7(7): 1909-1927.

Saaty T L. How to make a decision: the analytic hierarchy process
[J]. European Journal of Operational Research, 1990, 48:9-26.
TR BUACHL 2 K By D7 IR M et S O R
#52002.84-92.

TRER, AR AR i 55 ST By 05k AT R R I M T e it B
Tolk ARt 1992 146-212

UG MR SR g IV deut: 5 R A AL,
2006.167-187.

TEN G ARG TR kS M M. b5t a8 80
JiAt, 1998 144-176.

Wishmeier W H. A soil erodibility nomorgraph farm land and
construction sites [ J1. Journal of Soil and Water Conservation,
1971,26: 189-193.

B, AR, BRI AR S5 e i B R skl g ] B
FH2#,1998,19(5):87-91.

W R, PR, SREESE, A LT GIS L EVE R BRI AR
RIS GBS Al ST UL 0] A PRI R 2 22 4, 2004,
23(5):866-871.

WEAR AT, 23 GIS SCHRF R I LR AL 5L ) ). AR B
F4%51999, 14(1): 62-68.

DA LRE AR E . AW A R R A M R
02 *7LR].1984.35-175.

Dong R C; Dong J J» WU G» et al. Optimization of post-
classification processing of high-resolution satellite image: a case
study [J]. Science In China: Series E Technological Sciences
2006, 49(s1):98-107.

T R, YHRE, SRIEF, 55 R T GIS Al ULSE A UYL
LR R AT L] K b BRREEAR 2004, 18(5):75-79.
M BT GIS BB T K P AR U e A o ST S
[DI. dbnt: JE5UIHTE K, 2002.30-55.

BRER TG, sk e, & N USLE Atk BEAE LR £
IDRIST F9IN /1 8 358 4 398 422 o g 0 S L7 1. K bR KR 22 4
2000, 14(2):19-24.

TR P, XS TT . AR RN AR rh i R o 15
BN 70 UE REL S 1. ] A2 2235 20025 133 1033-1036.
HAA . X ES R S WA EAT I D] b5t b
Tk BERFFEAE B 2006 .43-64.





