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Soil conservation service zoning in the Inner Mongolia Autonomous Region based
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Abstract: Soil erosion has been a critical ecological issue in northern China. Inner Mongolia Autonomous Region is located
in the arid and semi-arid area, which is a typical soil erosion area in northern China. Based on the analytical framework of
pressure-state-response ( PSR) , this study takes the Inner Mongolia Autonomous Region as the study area, and constructs
the index system from three aspects: climatic background, soil conservation, and vegetation condition. It aims at addressing
the remaining issue of complexity and subjectiveness in weigh specification towards ecological function zoning in the previous
studies. In the study, self-organizing feature map (SOFM) neural network and GIS spatial analysis technique were applied
to carry out the soil conservation service zoning with the 1280 small watersheds as the basic unit and the schemes were
optimized according to the aggregation degree of the zoning units. The Inner Mongolia Autonomous Region was divided into
three ecological functional zones and eleven sub-zones based on the principle of regional conjugation. The three ecological
functional zones include Soil Conservation Services Protection Area, Soil Conservation Services Controlling Area, and Soil
Conservation Services Rehabilitation Area. According to the characteristics of zoning, the results clearly indicate the zonal
distribution of climatic background, soil conservation service and vegetation condition in Inner Mongolia, and quantify the
characteristics and spatial differences of the ecological functions at watershed scale more comprehensively. The result of the
optimal soil conservation service zoning was compared to the annual average temperature contours and annual precipitation

contours in Inner Mongolia. It shows that the ecological function zoning results obtained by SOFM neural network model were
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in good agreement with the spatial patterns of basic ecological elements. The zoning scheme indicates a significant gradient

and is consistent with changes in temperature and precipitation.

Key Words: soil conservation service; RUSLE model; RWEQ model; SOFM neural network; Inner Mongolia

Autonomous Region
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Fig.1 Location of Inner Mongolia Autonomous Region
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Fig.2 Spatial distribution of wind erosion and soil conservation service in Inner Mongolia Autonomous Region
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Fig.3 Spatial distribution of water erosion and soil conservation service in Inner Mongolia Autonomous Region
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Fig.4 Spatial pattern of pressure on soil conservation service in Inner Mongolia Autonomous Region
W5 AR XY NPP A2 AR 23 (Al 534 (&1 5) , e b2 B B 7 R ) 2R 6 i v 19 5 S 46 JRr . NPP
LR E X B AR DU/R T, I NPP 1S #a 3 NPP A8 Ak R IR X0 3 22 43 7 7 Bl 735 B
I NPP RRRA S, NS BIR XY NPP 25 8] 43 i 52 K AR BRI B 2 JF 5 NPP 2R (k3 1 25 [f]
GIATARRL, TR B0 AR PR IR AAR SRy o ARJLHRHB IX SR RIS ARIX A o 5 i 2R s, By

http ; //www.ecologica.cn


think
在文本上注释
请将右图的图例修改为：土壤保持（水蚀）

think
删划线

think
替换文本
大尺度海陆格局


8 S % 31 &

AR HEBUR S, KR FE, AR5 KA NPP SEX (T Cm™?a™ ;i X 3B R B ) PEF
R K B4/ NPP {HAE M@c m ™ a” ZE AT P X ) ELPF 5 PRV TR R A B VTR R 15 VD
Tie 1L X ) M P s R SEPEAE %C m2a'LITF,

\v';\\,_ /—’/ J)ﬁ// v

NPPAS 4k

\% [ ¢ /M o 1354
Jj B )

277

NPPHJfE /(g Cm™2a™")
19273.91

=000

0 380 760km

B 5 ARTHEAXITERFRSWEZEIES

Fig.5 Spatial pattern of soil conservation service response in Inner Mongolia Autonomous Region
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Table 2 Zonal comparison of six indexes on soil conservation service in Inner Mongolia Autonomous Region

JE 1 Pressure R State M i Response
s KA [/ GRS KSR w 2P o G N Y e e P S NPP ZEfb 3% NPP “F-3{H
I-1 1.21 1.14 -1.60 0.24 1.88 1.63
I-2 1.17 0.89 -1.31 1.39 1.42 1.25
1-3 0.56 0.22 0.05 1.14 0.91 0.96
1-4 0.97 0.07 0.27 1.11 0.38 0.58
I-5 0.81 -0.49 1.68 0.04 -0.01 0.23
1I-1 -0.24 -0.47 1.06 0.92 -0.16 0.02
11-2 -0.62 -0.52 0.61 -0.50 -0.41 -0.31
1I-3 -0.16 -1.18 0.91 -0.98 -0.69 -0.60
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Fig.7 Soil conservation service zonation in Inner Mongolia Autonomous Region

A, TR AAR AR, SO T b | AR E S R O R T RO R - R ok T A=

(2) BIELRFFIR S 401 X (1) A T NS BIRIX R, R B AR B R ER ) B  22 SA m &B, IF AIs
TAIERIR Z T, i NSt IR IX b SO R 25.2% , AR X E3E 825—2007m , 50 A 5k & F9 8 o5
ANTen s A B B — R, R AR R B AR A, B XU VD R 0 e s 8T AR B v R N 38l BIR IX B
ZRUERNSCAR L, N AR R B 4R 43 DX R R 7K 55 XU Ty ARG /D, 0 ORIl 55 BB 0 ARG e, A
BRGNS IR MR N B . RIS T 3 A AR IR S WX -1 X A0 AR B Ak
TR AR % WFAR DLIR PGS LA S WP R T J] i, A7 1 = 8 ) R 8 8 R 5 | i 72 J R Ak Pk g
[t T R AR R N A B 3 7 R SR AR S T RE R P DX R B AR DX, S 5 ) 1 R B e it AR A | IR
PEBTMI LAk F2 005 B IR AR, & AR X 38 Pl A FRAE Y, T1-2 DX o 43 A 78 A DLJR v i e 3 R bR
SR8 - 5 22 A —SF IR 2 Ak B A 7 ) T A b DGR k™ B 7 A - b R R S BT R R
AR EEIT BRI, T1-3 X 33 XUk V0 Ak RO RS A AL 30 G2 38 S B 8, I A AR 7K IR 26 TR, 322 XA B i
B U T B R AR A ™ B SR IO TR R [l e i B 4 b D) T A i, A S N T B M K
i) HeE R A R AR B, By 1k R RGR AR

(3) R FEMR S FH A (1) A FNSE o B IR X PR, RE SRS | 5 228 mh skl B
EE LR RSB IR 22 307 (8 0 3 b DXORD AN BTz 28 B 7 N S B YA DX S T AR Y 33.5% , A XK 942—
3432m , M BGERARFE AT T i 5 A R e A 2 VD AR R B o8, B AR B K A 0 AT I A L VD BT 1
TRV ARSI, E X R S XU A s i R, (H 3R R Al 55 BB 1 555, AR S RGBT REXT
B AUMESRAF e  e AN 2 , AS XA 5 3 A R ORFFAR S5 I IX, THI-1 X F2 0 TV 38 58 50 VD Hb Y AL
R PR ) B P G A 22 AT DY AL R Sk T A | T I AR AR AL AR R SR 7R 22 3 P S 1 20 38 b X XL
TR A IR, I R IR I/ I R A AR S R B G S B v A B8 3k X, b Vb Ak K A 9 2 R ¢
RIS ™ 8 5 B LA R S A B R T A SRR OGA R B8 R T3 AR B B O, -2 XA T
MR BRIR 2307 B BT 38 B = b xS BRAL A AE R AL AN L b YR TR, T AR R 6 3 A JE R R v

http ; //www.ecologica.cn


Lity
附注
希望“分区I、分区II、分区III”和“I-1至II-1”彩色图例左侧对齐


11 WA AT PSRAAESAIN SN AR X LR R 55 73 IX 11

WAL, A Z R 2 B 5 IO B DR AP SR, SR B2 ] PR AP 2 T U0 A | 78 00 15300 5l 1 B i b
IV i i M KR AR A E VR, A N i Bl i AR A A, TH-3 X R B T BT S e 5, 2y
A3 WP R UD BRI AR LY B /KB A A /D | G0 A7 R 1 S I A 3 A ol P S e B B (I, A B
i AN HZ R AL VBTG Ak A AR EABEIR A IR R e B DA DR SCRE M I A FE AL, BRI ST &35 3,
VAL, PR A VB8 10 b X BRAAAR B, A7 A= S R AR

e KEURFEI A SEE FIR X 2R F SRS AR R 2B B (18] 8) , B XA R A SR IR B R
R —BrE . A AR B AR L 28 18] 70 A1 A3 XS AT LA AR 73 X 7 580 T 3B SR 1 43 XCSCR I 2
11 2R 72005 XL B 5 38 (Y PR B AR AL A5 90, 45 6 N 58T A TR DX P R 1) DY A 3 B2 AR ARSI 3o IRAF oK
SFIEZR 2 6] 3 A R AR AR T AACBUAR 70 X 330 90 14 3 2 — 2 X L B ey AR L o) P R A A AR BR EE , 55
MSEH FA XY 400, 200mm S5 RAOE A —2, SATTS XS X AR AN S 336 X R A
JREZR A, 3 R T 11 E G 3 X T7 SR AT X F AR B S LR BOAT , XA — & TR
FARR T AR R T AR A R G 55 A 1Al SR AR

N
A YIS Vil

1111111

mm

0 380 760km
= =i o=p EE
sy s W -2 5 3 - 03
SRE/SHRRE o 173 -1 -1
B8 TERERSSXAREBAMBAL b tarFERES A b-EHKkELSHY

Fig.8 Contrast of soil conservation service zoning and physical geography boundary {ar¥sotherm;b—TIsohyet)

TR R — RS AR R T UGB . ARBEITESORTE S A X R IS5 s 18] o) 5 4R
HH e PRASRAR 55 19 TR T IRAS - L7 0 KR R A 2, B A SOFM. W 28 X6 e 23 Mt 22 3 X 5 58, O 56 T LR
BEEIRRUR S X7 38, WIFEEE AR NSl IR DRI A3t A SR 450 IR 55 O 4 DX 4l X R e X 3 A
=X 1A TR IX ARSI X S BERS AR 718 P S 3 XU T 5t | R DRARr RE T FIRE B A% 11 By i 2
SRR B A AT TR 4 260 T R A (R AR X A A5 (] 0 S A RIS R i DG b AR R 55 231X
SERL5G NS ENA X A AR BT S (LA R K i S (R AT X L, 45 5 B 3 A SOFM. i 28 W 25 15 1 1Y) 2
ALHREST XA R 5 N SN AR SR B R AT R — 2otk 23 X5 28 52 U B 1k L5 Uil L ek i 2 4k
Al —2,

SR, 7 457 IR, AT A7 — BB A L, B 5, BRI 5% e AR A 78 00 2R o A7 4 1L, 2 T
RUSLE \RWEQ FE T30 4 14 - 3 PR ft e e A= ol 1 52 B ol AL A 30, LS ) 246 XL LA R AS

http ; //www.ecologica.cn


Peng J
删划线

Peng J
删划线

Peng J
删划线

Peng J
插入号
土壤保持服务

Peng J
删划线

Peng J
插入号
土壤保持服务


12 A E = 37 %

BRE T, L PR AT i G TE X — AR A ZS (] 235, Al SO 1) B R N 5y FA XY I R i 4
A T 2 AR T R 3R RSO A 25 2 B A O Rl 22— S RUBE IR ) 28 (R e 3T
RS A 2 X e 2 14 73 X5 R A 2 DRLMTE A i O IE S A vl DARE— PR 28 R GE T B8 ) T IX
SRR PR, AR R, WU 5K 2 S8 K AR, 3 2 A AT REAE AR B IO, % e A ]
HRMEEE SN T —25 TAERYE 2. AL, SOFM i1 28 [0 28 A5 £ 7y BB A5 5 Rt AN 15 8 56 0 00 ) AL, 10 T 4%
AR R IX B0 e 25 07 TR AT — 5 RO, i AL X 2652 Btk SOFM B | N B AT RF IR AR B B
SN F i

SN

£ % Lk ( References) :

] Luca M. Govern our soils. Nature, 2015, 528(7580) ; 32-33.
] AR SRANE, AR, BHHRIMURIEEIY. K LOEEPESE, 2006, 13(5) : 252-254.
] b, REZX, BHEE, BOwK, ST SRS LR UK BARFE, 2001, 13(2): 11-14.
[4] M, BER%, Jhdst, 2005 LHERAMITRSE. Mol skl , 2009, 34(1) : 20-24.
1 BHERK, 2. BT GIS MR A I A A5 T Sk s ) DAY S o3 DO Rl —— DI B X S M. A28 % 4K, 2011, 31(1) : 230-238.
] Bailey R G. Ecoregions of the United States. Utah, Ogden; U. S. Forest Service, 1976.
] Omemik J M. Map supplement : ecoregions of the conterminous united states. Annals of the Association of American Geographers, 1987, 77(1):
118-125.
[ 8] Elder J. The big picture; sierra club critical ecoregions program. Sierra, 1994, 79(2) ; 52-57.
[ 9] Olsen D M, Dinerstein E. The global 200 a representation approach to conserving the earth’s most biologically valuable ecoregions. Conservation
Biology, 1998, 12(3) : 502-515.
[10]  FAEHE, %5r, T, TEH, PR, SIFIG. JET@ B GIS 5L F kA ST fg a0 X WFoT. 23R, 2013, 33(18) ; 5808-5817.
[11] Az, BRFIT, xE4e. v E A S X0 H Y AT 55 BoRe . AR, 1999, 19(5) @ 591-595.
[12] Az, XEGE, BRI, S50, Z2R8R. P EASKRISE. £85I, 2001, 21(1): 1-6.
[13] ¥, 2308, b A 2SR o3 i TRl AR 2524, 1999, 19(5) : 596-601.
[14]  EJRIL, ZRER7E, Famhy, §1%, LGSR, FMVERHT, B, BRAOG. I TR ABIRE S XBFT. £, 2005, 24(11) ; 1339-1342.
[15] #U/NE, SO, TR, FETK, R4, Ak T RS M GIS BRI AESIIAEN XK. B AR, 2006, 17(7) : 1269-1273.
[16] ZBWR, K, xR, WFHw. ERTASIEEX AR5, 2R, 2006, 26(9) : 3144-3151.
[17] BFE, I8, KK, %, 2206, IMEZ, k. aHESEAESIIRR S X 50, iR, 2015, 37(8) ¢ 1520-1528.
(18] ZETHE, BMEM, BiEE. KENESREX YA HHES R, hEAD - IS5, 2008, 18(1): 160-165.
[19]  ABFREE, BRIIAR. T RITF % 23 0] X R0 5 i 5 0 Fl—— DA BTl o il M BRAFST, 2010, 29(11) ; 2035-2044.
[20] OKR3CE, B, R, 3 AT X R WIS 5 k——UL T ER)ITT R . 253, 2009, 29(8) : 1233-1238.
[21] 23R, ZEPHES, TokHe, HPSR2E. = X ELOR A A8 &2 2 R IR 5 T B 4 X —— LRI o . ZE 38226k, 2015, 34(7) .

1959-1967.

[22] BRde, Wfmidty, Sk BN, 2236, YOO, Sk, HEB, 2700, IR0 VI e e AR ik ) 2 R A3 A R AE. BRIRAL 2, 2013, 35(4)
1240-1247.

[23] ®RRAN, RE, REE, XMl EIRE, BiGH. 2 THERZ2 RS ERN UL T Wb XA SRS X, 8%, 2016, 36(1):
134-147.

[24]  sLmeams, Wit SR8, M. LRGN D RE S A KR FR G AR AE BB W X AN A= 220k, 2009, 28(9) : 1909-1914.

[25] ZERUR, X4k, kA &, Bk, ASRGMS TR NS S B2 u . wh32=dk, 2011, 66(12) : 1618-1630.

[26] M, WA, ZRse. ANHA @ PRI SO AE AP b ST T S B v X P R bR 2284 ARSI, 2007, 43(2) : 198-203.

[27] ¥, wfH, BGETR, 220U, HET GIS 55 SOFM M4 Ay EI 24 HARIX R, MBEHFSY, 2011, 30(9) : 1648-1659.

[28] XML, SR3CHE, WhAE, ZERUMR. FT SOFM it o) 4% 1) Bt S i XK PRI SR T ik 43 DX . BRERR2EE9T , 2015, 28(3) @ 369-376.

[29] ZEWUAL, FREE, SR w0 R AE S WO i 4 P (¥ SOFM AR, F AR BT, 2002, 17(6) : 750-756.

[30] whichy, 2, EAEE. 25T A ASURRAEBLST (SOFM ) W% 1 AR B4 1 e o X——Lh N B2 IR O Bl B A 2524, 2013, 24
(5): 1224-1230.

[31]  FR2EAHR, TRERER, RIAKIL, SRAET. JETF SOFM 125 W 45 5T (1 + M2 T o IX 22 38— DA 75 90 1 DR A SR Sy (81, S BRAF 5%, 2013, 32
(5): 839-847.

http ; //www.ecologica.cn



11 Z A5 ET PSRAERMNSEN AR X 1RO 70 X 13

[32]

[33]
[34]
[35]

[36]

[44]
[45]
[46]

[47]

[56]
[57]
[58]

[59]
[60]
[61]
[62]

[63]
[64]

[65]

Peng J, Ma J, Yuan Y, Wei H. Integrated urban land-use zoning and associated spatial development; case study in Shenzhen, China. Journal of
Urban Planning and Development, 2015, 141(4) . 05014025.

MIRTE, RAHE, ZER0KL. HT SOFM /Y XA Zkl h Jr k. sIRL22 iR, 2008, 27(5) + 121-127.

A, 2, XUAY, EBIA . BT RIS B R FUE S B X JBRTSY, 2015, 34(9) : 1643-1661.

W, W, By, WRRME, BRUT. BT RSG5 - AE R AR AT AR S X —— LRI U VA M R ). A aeak, 2016, 35(8) -
2251-2259.

R, 2B TP EDR R RRAUK SR ST IR K ORI, 1998, 18(5) : 13-18.

XU, R, L. P E IR AR PRI TR R PR . R R ARFREAR , 2001, 21(1) : 57-59, 62-62.
EITE, BAYE H E TR R MR T AT, K L AREHEAR, 1996, 16(5) : 1-20.

FOEHE, SRIGHE. o P R b 25 AL S A AR S AR A5 5. 2R84, 2002, 22(1) ¢ 10-16.

TR, THLL. X E K 2 AR XRS5 AR o DA, o DK RO RRRR:, 2007, 5(1) @ 105-109.

TLEIRG, XZIE, #R43E. ST RWEQ A9 20 th4D 90 AFEAARIR A S S MR i 8 + IR 5e. M BRRLA /R, 2014, 33(6) : 825-834.
4. RWEQ BRI S HUETT MHAE o E AL Jy B HAFSE. JE3T . JEaTIRE K2, 2012.

Mide, Wi, 3EBL, B, JEHE, sREE, Z0S5E. MRS R G LRI R S A ] A . ARSI, 2012, 23(8) -
2249-2256.

PIMRAE, L. NS RIS T R A5 R 2= A AT Y. TR IXBHRS RS, 2008, 22(2) ; 140-144.

2. PEIFEBAL KRG, JUa: SSEEE A, 2005.

Lal R. Soil erosion by wind and water: problems and prospects//Lal R, ed. Soil Erosion Research Methods. Ankeny, IA: Soil and Water
Conservation Society of America, 1988; 1-6.

Callot Y, Marticorena B, Bergametti G. Geomorphologic approach for modelling the surface features of arid environments in a model of dust
emissions; application to the Sahara Desert. Geodinamica Acta, 2000, 13(5) . 245-270.

Lal R. Soil erosion impact on agronomic productivity and environment quality. Critical Reviews in Plant Sciences, 1998, 17(4) . 319-464.
Pimentel D, Kounang N. Ecology of soil erosion in ecosystems. Ecosystems, 1998, 1(5) : 416-426.

FIE, ZFAR, ROTHL T 30 FN SN AR XSRS SR R R . TR IR SRR, 2012, 26(2) ¢ 132-138.

TEE, X, Hi#E, §1a04. 2000-2008 45N AT S HOAMAER B IPHY. HBERLSE, 2011, 31(12) ; 1493-1499.

FE, ZoAh P E A, LT, P E s R, 2009.

Xk, RN AT ARt L R BN A PR R AR AR B —— LA N 58y 28 8 ). R8240, 2003, 23(5) : 1025-1030.
B ZHE, XIS, FFKT, AR, NS AR A S TR AL STIE T &R 537, SBEERFE, 2010, 29(8) : 1452-1460.

Fryrear D W, Bilbro J D, Saleh A, Schomberg H, Stout J E, Zobeck T M. RWEQ: improved wind erosion technology. Journal of Soil & Water
Conservation, 2000, 55(2) : 183-189.

REIR, TREAK, T 28 UK K R AR . DK R AR, 2004, 2(1) ¢ 34-37.

LW, Mk, &GS, DA, BE. T RWEQ HEI AT 14 T BRI ST. K AR REBHST, 2015, 22(1) ; 21-25, 32-32.
W, P, SREW. BT GIS Il RUSLE MU PG E 1L X A 38 4= i 45 (B RPAE 43 T —— LA = B 48 W VL B ). it 23, 2007, 25(5) :
548-556.

Kohonen T. Self-Organizing Maps. New York: Springer-Vedag, 1997.
BRG, BHE s, &IFHE, TR0RE, ik, MR, M. BREEEDSIREX R, £, 2007, 25(2) : 254-260.

AR, WhEh, I, TR IR A EL SO SR R BAR DG . RS, 2005, 25(12) ¢ 3343-3353.

IAAS, BT R, BN, IR, B, WA, RS HXGT 25 RO IR MoK AR LB . A ASEREESEIR, 2011, 20(11) .
1594-1601.

ER, T, T4, B2, I 50 Akt B AR AL RHE PR T, AR, 2004, 62(2) : 228-236.

TR, AT, RATE, wLY, AT 21 2 by 52 R A Bd W) G AR A B AR RS R R, 2016, 27(3)
803-814.

B, A, AR RS BOUE IR, A S244R, 2001, 21(12) : 2096-2105.

http ; //www.ecologica.cn





