3355 9
20134£09 A

Vol. 33 No.9
Sep., 2013

T

SCIENTIA GEOGRAPHICA SINICA

2T SR RS 50/ e
-+t R LRI AR AL 55

TG FERE Y Awd, ZAnE L AR Em &Y

(LI YT R K LR S ISR BT (AR K LR R S MR OR B R S50 3, LR T 276005
2N ARIIE R N TSI B2 e, 1L AR BF R 250014)

FHEE: LLUTSE 1L X RN —— XTI /NS A B 00 52, A Z MR b5 GIS A7 0 75, AR I N P 45 T
Y5 G e 1 I 28 e R A D A RO A IE 5 H b, DA R IT RIS X R S5 A AT A
BC'E . S5 RARW]: MR 5 GIS A7 204 &, Al LA ARG IC B 45 SR R AT A _E A2 e, SR 5 HL g
{1 22 )7 A DC I s 4 NP A5 TS e it 2 N ) D0 A I 58 T 2% PG R DR 35 22 v, A 8 45 ARl 22 5
LB RER I GE s XN DA 7 S48 e 3t S MRt AR BAIG T 5 A P Mt T AR L 7, NP AR5

B RAK 15.3%, SEAL TR 41%.

K OB B UTSD R R R GIS

FE5rRE: X506/X522 SCERPR RIS : A

Ly e ] R Y 273, AR A 15 1
N g L X 5 1 R AR A T 55 e AR AR
P2 7 B 1 55 M X ™), A M B Ak XURS: BE T B
10%~30%"", LLiHb IR I A R B4 0GR 48 1L X 3R g
U R R . R, 753806 B AR B S I
7N B L < = i v N e v DA E R 7 B
BCE, 2 L DX RFE R ) A SR TEFEY

10 = b R A Ak T, 2 R R 2R N
BN AT AR 2 DL B R s A o G P R RIS Y
(1) H B, il Z 6 PR S5E 3008, 0TI Y5 Gy i H AR
S5 I8, H e Ml 5E 2 L RE 0T AN [A] 1 b A
FRAAET AR L RBEATAL , TFAS BEAR vk L MR FH 1
2% [) T B ) R . B 20 120 90 4R AN BE A J0 4K
A bR 2 R P DD e 1Y GIS N 5 TN 3+
Hi PR 24, SRR R — RIS B IR AN
BOF 2 M R 55 GIS A R &, A i e - M A
LA RC & A g A2

DTS L Dby A X R ARER, X
B AL | T AR H R AT N DR R, AR
A5 Rk 2 DR R R (P A

W H#H: 2012-12-18; 4BIT BHH: 2013-02-11

SCEHS: 1000-0690(2013)09-1111-06

TP P S NS A A/ B (S LN /N XA 9 R e
R AT A [ L3R F NP A5 TS G0 i X
K, [ H GIS 5 2 PERRIBR AU FA, DL/MAUN,
P S5 IS A A XU e MR B A e KN
BRI e wb 10 A E e b R W TR 7 S AP D/l SR
SN X A B PRA 5 R A R PR A R

1 MRS TR

1.1 RS HEA

R U /N3 1T 58 1L X K Y ——
S IX (117°45' ~118°23 ' E, 35°27' ~36°20"
N, A3 S 13.7°C, g3 =i 5 170~500 mo [
IKEBERLET H R 29 A, 28K
H733.4 mm, J& Bzl KRR R R D+
HEDUAEHE N B, B+ 2 <50 em, BHF R AL
K, b B 45 5 3 O™ B K ik o ]
3 /N G 3 12 DX ML TR R /NG, R THIRR R 2.497
hm?, H A DLAE AR FoR R 2 (1 B 4 0.689 hm?, LAR
bl Ay 3= 11 [l 1 0.999 hm?, LA 147 2y = 1 Ak 3 0.037
hm?, & F 31 0.569 hm?,

EESIH : F 5 [ AR A H (41101263) T T E AR GIH 5 H (201011019) 1L A BHE B H (2011GGH21704) % 1
VBRI T 251967, 55, AR E B, #1128 S0, 23N GRS 3R BN 5 . E-mail:yuxingxiu@lyu.edu.cn



1112 Hh H

AR 33 %

0 100 200km

PRI LR
& IR B /D R
— W

BT BRI /N Ay B

Fig.1 Location of Shuangheyu small watershed
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Fig.2 The logical model of comprehensive evaluation
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Table 1 Rainfall characteristics
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(mm) (h (mm/min) ( mm/min)
2011-8-6 24.7 22 0.96 0.21 i
2011-8-11 46.2 1.7 1.27 0.46 K
2011-8-15 6.3 0.7 0.20 0.16 ANE)
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2011-8-29  57.0 13.5 0.67 0.07 £}
2011-9-14 34.1 1.8 0.97 0.31 K
2011-9-18 245 13.0 0.06 0.03 N
2011-9-29 255 10.0 0.47 0.04 N
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Table 2 N and P annual output loads of different land use types
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Table 6 Suitability area of different land use types
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PEEETT 61~80 1744 1503 2309 534

IGSIET  41~60 6171 15231 15164 433
ANIEH 0~40 12983 2570 2046 174

O ML) X+ XX+ X=22 9445 @) #EHb T FA 2
W1 488<X,<9961; @ HIAMH AL H: 6 750<
X><20 374; @ MRHL AN 20 K : 372 <X, <20 898;
® KA HHIEFI=607; ® JEFELK:0<X,,0<
X2, 0<X5,0<Xoo Hrpr, Biih, Fbd AR AT
B FE AT g FE R s R AR e, b B v PR
S5 T BT I L TR 2 RN » AR A A
S I AGE A A B B K T,

PR BEHb o RTINS M R AR 26 K
2 TR P B 45 SR 5 BT Bl L6 8, 4% ) Jic B 45 R W
3.

30 RUIAT U N i sk M R A O AR 45 R 4 BT .
KU /NG ABAR AR T7 S b (el b bR b TR A A
FHBILR 23 59 48 41 52.3% , 8.2 4% , 1117 B 11 % 352 1 i AR
35k 38.3%5 89.3%.

IR R 25 LR E, R BR A
K AR e AR AT R 3 R G Sk DAk T
THTL 8] 320 e JLYR S B b 55 24 ) P b K1) A A
BAAR T /K 3R UG o St R IR A el b &
B b A0 5555 FoR 2 A R AR 22 S, — D7 TSR T
(7] — b i R I AR A B 53— J7 TR R i NG P
SRR HY B Rk 284.72 g, TR IR WL L, AL T &
W B Hb Rz el 4 BRI, Bk 1 ) — R 4R
A B H 1, O A, A8 NG P AR
10 89.3%, MDA T S8 IR NP 45 th
I 15.3%.

PN G <& = N il bz 73] L E S LN

RS AT RETOR AR G5 HIT L

Table 8 Comparison between optimization program and current land use structure

e} FI B RS

HIH TR (m®) LT (0D NPt (g) TR (m*) ZF A (0D NPt (g)

Bt 6890 27560.0 218.83 4254 17016.0 135.71

Pl i 9991 134878.5 2831.45 15212 205362.0 431.11

it 372 855.6 3418 7861.4 758.80
A 5691 0 284.72 607 0 30.37
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Fig.3 Comparison between space optimization allocation program and current situation of land use in Shuangheyu small watershed
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Land Use Structure Optimization Research Based on Nitrogen
and Phosphorus Output Risky Control in Small Watershed

YU Xing-xiu', LI Jian-hua'?, LIU Qian-jin', WU Yuan-zhi', SUN Qi-gi"*, GAO Yan'”

(1. Shandong Provincial Key laboratory of Water and Soil Conservation & Environmental Protection, Institute of
Water and Soil Conservation & Environmental Protection, Linyi University, Linyi, Shandong 276005, China;
2. College of Population, Resources and Environment, Shandong Normal University, Jinan, Shandong 250014, China)

Abstract: Taking Shuangheyu small watershed, the typical small watershed of the Yimeng mountainous area, as
the object of study, the optimal allocation of land use structure in the study area was carried out based on the
unit of land patches. Taking the control of the output of agricultural non-point source pollution (Nitrogen and
Phosphorus, etc) into consideration, the optimal allocation of land use recognized the increase of economical
and environmental benefit as the primary goal. The data was obtained using field in-situ observations district
and Real-Time Kinematics (RTK) field measurement device. Land suitability evaluation was carried out
through combination of the single-factor evaluation and the comprehensive evaluation method. The optimal al-
location of land use structure was carried out through the method of effective coupling of linear programming
model with dominant optimization analysis capabilities and GIS equipped with powerful spatial configuration
function. The results showed that: the very combining of linear programming model and GIS not only provided
the optimal allocation of land use with sound constraint effect in terms of area, but also matched the configura-
tion information with specific spatial location at the same time, which enhanced the scientificalness and visuali-
ty of the optimal results. As taking account of the output of N, P non-point source pollutant into the factors con-
sidered by the optimal allocation of land use, the configuration results realized the goal of unifying the econom-
ic and environmental benefits through establishing multi-objective linear programming model of minimizing
output of the non-point source pollution and maximizing the economic effectiveness. The optimization scheme
of the Shuangheyu small watershed increased the area of orchard and forest land by 52.3% and 820%, respective-
ly; and reduced the proportion of the area of farmland (cultivated land) by 38.3% and wasteland by 89.3%. The
total N and P annual output was reduced by 15.3% and the annual economic efficiency was improved by 41%,
among which the orchard, with its overwhelmingly superior area, made the most significant contribution to the
increase of economic benefits in the optimization scheme. Land suitability evaluation was conducted through
combination of the single-factor evaluation and the comprehensive evaluation method, which was applied in me-
so and micro-scale systems and made up for the deficiency of a linear programming model. It was turned out
that the method was easy to operate and had good availability of data, which guaranteed the reliability of the con-
figuration result. The orchard, with high economic effectiveness, comparatively lower N.P output risk and good
flexibility in spatial configuration, was main factor influencing the land use optimal allocation, which should be
put priority in optimization scheme. This study could provide scientific evidence for the rational utilization of
land resources and lay the foundation for ecological construction of the Yimeng mountainous area.

Key words: the Yimeng mountainous areas; output N and P; landuse; linear programming model; GIS



