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Abstract

Timely and accurately obtaining crop planting structure is crucial for guaranteeing the agriculture
sustainable development and national food security. Taking Shandan County in the Heihe River
Basin as the study area, we adopted a time window threshold method based on TM/ETM+ image to
extract the spatial distribution of barley, wheat, rapeseed and corn of Shandan County in 2007 and
2012. The changes in the crop planting structure and the driving forces behind them were also
analyzed. The results show that: 1) the overall accuracy of crop planting structure extraction was
87.20%, with Kappa coefficient of 0.84; 2) the planting area and proportion of barley decreased
during 2007-2012, while those of wheat, rapeseed and corn increased. The planting area of other
crops slightly increased while the planting proportion of it slightly decreased. The increased
wheat, rapeseed and corn were mainly converted from other crops.
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1. 51§

PAED BIFPAE S5 K 2 48— B KB X R R AR R R . Pk T AR AN R L A, SO T NS Al
AP PR PIRG4S LA AR 4 P 5 3 ) 0 25 1R 23 A R AE ) B R o Ry HERFSREUR AE M
MHEAMER, AMURREDKSA RNF = S0 H 0 EZEA, R KR AP EH ., RIEMELITN
VAR, AR T RS R i A B SR e A A B B R [1]-[4].

TEREAR BRG] SREUE BB, R IR o AR S A, O 2 B TR
A AR FIEREG B RAE P IR AE T B MHE AR TR . BN MA@ E s R — 0. B
T FAARIF N 22 YR AU i B VT R AR VRPN 25 4 18 IR T 7T . B — s 18— R LA el s 5 o Bai s,
HRAEAS R ARAEDD 1 2 A R U AR VRV ) 23 18] 73 A [5] [6]0 AT 2% DA 25 18] 0 W 3 SR O B U
Sh6 FF B SO 25 M REAE , ) FH T )0 RO AT AR AR 432K [ 71-[9] « B 8] 77 1 545938 3 L MODIS.
NOAA/AVHRR. SPOT VEGETATION & =i} [8] 73 #F 2 52 GO EAR IR, R A BLRAEYILEAS R B SR AR 38
BE. B RHESEORRE, WRAEDIEATIRAI[10]-[13]. ZU5A0HE Ml AR I8 5 2 45 6 i (] 2 %
ARG B AR & B R AL BHATERRL G S T REY 4095, telin MODIS 5 TM 24 Rl E,
T™ 5 HI-1 AR TRlG 55 [14]-[16]

FAT, R AR A b 45 1 28 RS U 7 32 B A TR A2 [RI R R AR P R TR AR Fr P 1) AR A6 S AT 4
SPIR[17]-[19], 1 HAF 2050 A0 B — AR B 25 (A 43 AR EAT 7 0[20] [21], AHERXHE b ERAE /N . Ff
T £ 1 B2 2% B PR AL X A T 0 80 o DR, AR SC DA BRI ) L PRI IEIX, 26T TMIETM+5244,
FRIEAS FAAE D A= K B RO R], 1 P s T 8 1 ) {9 308 B ) S TR AR AR 1 23 B o0 A 40 i e s
(IR J= AR Ak o AHIT 50 T IBUR AR b A= 7 3 PR A 1 1 A8 DX A AR A AR =R AT 0 B S,
X YRR X S RO TR R R AN ORI SO & 22 A B B X, RN R R /s . Pk 28540 2 2%
Hh DX (R A A PR 45 M SR U FE 3R AL T 2% [22] [23].
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2. MRXHERIE

thiFF54(100°41'~101°42'E, 37°50'~39°03'N) Az T- R Id e (1< 1), WP ERH B, AREKE, 7L
R, MUABELSFEE AT, IbS5NZ N BIGIXETR 4 A%, RVG% 89 km, b 136 km,
+-Hh A IR 5402.43 km?. A B BEOIRAEIR, WIAcH, =mEL, MEEA AL, KA REL, db
A L, PHRE A R, MK 1550~4441 m. iZHbIX B KB A A R Bk M R A, 4R
H HE B 40028 3000~3300 h, 4 [%7K & 160 mm, [E/KDi&EH, 420K & 300 mm, P15 5.9C,
TR 110 R, AZEIEA, HERH, BRIRZR, KHfESE, SGHEEEE, RAERERORIVKRE
AR, EEHT2MEEMRAERMEROLRIRE, FERIEVERE. N R ERE.

3. MMRBEEF*
3.1 ¥IEKIE

AR5 LL Landsat 5 ] TM 524581 Landsat 7 ] ETM+5245 A58 AR IR, 51245 18] 20 912 15 30 m,
IR 16 Ko MHIAE N T 38 E i 1 22 5 (United States Geological Survey, f#5#x USGS), Mtk
http://glovis.usgs.gov/, BT R IIFAG N 48 SR IEA LML IER level 1758, B8N0 EFE 2

ERAR, HAUIE S 7002 133/33 F1 133/34, A7t IL T 878 i EERAEMI RTINS KA KT
Kz /D) TMIETM+544% 20 18, FH7E ENVIS.L EXF TMETM+SEE B TR B A . 45 L BR A4 4 ik
ST EE . For 2007 SEELIE S O 133/33 I 133/34 [R5 4 T, SREUE A 237308 6 H 19 H.7 A 5 H.
8 H 22 HA19 H 23 H; 2012 E41iE 54 133/33 1 133/34 (541544 6 &, FKEUNE 5186 H 8 H. 6
H24H.7H26H.8H11H. 8HA 26 HM9 A 12 H.
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Figure 1. The location of Shandan County of Heihe River Basin
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AR HADSE MBS B 1) (WPFEATEOL T . 2) 2012 G RAEYD 43 EREAR SRS IOFEA ., 15
S8 BT B A B RO (P2 hittp://heihedata.org/) f) “ SEIT AR 257K SCRE AR TG SR VAT VAT A b R
BWCEIREE” 1 2012 45 H FE 3 3R ST Bl i 3F 25 B (BARS 2 92.19%) [24].

3.2. HRAE

AHIFCE Sek T TMIETM+8 B AL AT 21 L0P BV S, 1 S s 459 20 Bk v L 1 R — 4k
TAHRE NDVI, 85 45 S ANV 7 RFEAAT A [F) I 8] & 11 AR SL ) NDVIE BB EEAT 702K, e Jm 75 21 2007
A 2012 FEPHERIE . INZE SRR K B 2% ) 0 A AT AR LB -

3.2.1. JA—LE#HEH NDVI

TR HU S Wt R A A KRG RAFE S &, ARIE B PGSR AE, K AR T Mok S ar
AN BGAT A, HATCIER T 40 2R b Fe 2. i T 03— b A Bl F 2 NDVI AT DUR KFEE 7 BR AR
KB ML =R R SRR IR, G50 7R A RRE 7T, OO FEAE A S 45 I )
N ) IR AR E25] . NDVIERITEEZ[-1, 1], RN, HitHE A N:

NDVI =[ p(nir)— p(red)]/[ p(nir)+ p(red)] @)

X(@)HF p(nir)  p(red) NI LLANE BRI B BT R, TMIETM+AR L 2L AN BU 21t i
By S 4 70 3 W

3.2.2. HEE O SMEE

B[] & R AREA FIRAEMIAEKIAE S, X RAEVIR SR A o AN AR AE P AE [R]— i )
I ERKEHEAE, HH NDVI G 25, el 2 o m 51 1 & E NDVI SR AR vk )
ME (K 2).

KIS B 5 SR KA B R AN R o RS20/ IN 2 F i S RS A 35 Ly e A oK B
AR R FE /N 22 ) H T BRSO B RS2 A /N2 5 S A oKy B0 . (B BTG A 408 TMIETM+
B T RWROR, WOk R AN FIWCEIIH 8 H 4 9 B 8] % .

T KA L S, DRI A B SR A USCEN 3 9 F AR S B 1) 77 10K KA B .
FHIRFIAFISCEI IS L KR R, 7E 6 H¥I/NER NDVI KT K32, (H 6 A KZER NDVI 1k &
KT/NZ, 8 AMI/NER NDVI /NTRZZ, 148 6 H A 8 H 4 Jy T 8] B U6 KRN AT 73 55 .
HH T3 B HH SR A DY P 32 BERAE ) PO A AL R 0 H AR AR, 75 BRI F FAR T 8] B R F AR R AR 73 70 A
K N HEERE K4 & K.

B 405 2007 SR 1A BT 10N 6/19. 7/5. 8/22. 9/23, 2012 4EHIRF A% 1k 6/8. 6/24. 7/26. 8/11.
8/26. 9/12. T AFFEA TMIETM+5AAL 52 = IR LA —HE,  [Flitk 2007 41 2012 4F (I 8] & A7
TE— S22 53 IRIEAS [FAR AT Z AN ) & AT AL, IR45 G ARAEDD o R AR e e 25 o T 2 11 ) R
7 2007 AT 2012 AEILPFELREE . N WSERI ORI A (B A AT SR U, 7 ENVIS.L F ) A R AR
(decision tree) 7 2R &8 IR B A R VEW 2 18] 3 A (1] 3).

3.2.3. ¥EEITM

K BEVEAN SR 5T o0 R4 AT VRN, #e o R IRE FE RN AT S . DA F IRORS BE VTR 75 V22 R R VR VR
FE VA 23 S5 SR R ) EORS B A PORS R, R AR B RE FE AN Kappa & 4[26]. oo il S 2 2 4
B R E SN A 2K, HREE —IREE G0N A MR, ZIEFS N A R GoiS R &
SR ARG TCEUTI L AR  FH P ORS B A2 F B 2 R AR KA 0 VA B A S, FH IS 1 Hh 2 B 2R A2 A TR
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Figure 2. NDVI time window of different crops in Shandan County in 2012
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Figure 3. Decision tree for crop classification in Shandan County

3. WA BRI LORER

FEIEW RN A KEVBTE S 02K A G TCHUR EE . SRS BE R 2y K IER I8 T B80S 70 KB T
I L AR -

AHTFCCARRHE ) 73 SN K SES Y, BRUEAE AR T SR oH R Bt B b (1 BRI AR 27K S0
SRR YA YA - 2t M) P e B AR (P e 4R e St R BT i ond 2012 45 70 R AT FEVEAR
SRS EAE] 92.19%), M 2012 4 6 H [t RRANE R IRL R P RENLEDURZE . hEe TS, TR
HABMEMIEBAEREA 1, HABIT 2012 FARAEY) 0 REREATLLEL. t1 2007 SFEIERAEFEA S0
RXT 2012 SFE g2 RIEATHE FELTAN o

4. BR55
4.1. RIEMSH XEREEFMN

ROBBURRZE NS TS FORMBEABRAEMI I IIEREA % 50 5 2012 4R 1LPHEURAE ) 7 2645
RHAT LR, BSLIREEREPPO 0 R RO, BRI SRR iR E . I R2ZE il EIRE EEAN
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FIPURSBE (e 1) =R EIRE B2 92.00%, R AF7E 8.00% I 70« FoK 5 HAL & SERAEMIHIHE MR AN,
FCFH PORS ik 93.02%, (R EIRE AR, A74E 20.00% M0 7o FH T A KR, /N2 FR 22 1 43 1
T O E B R NI ARAEW) > RE RIS ARKE L IE 87.20%, Kappa 7% 0.84, HAH LR
I BLRPAE S5 R SR O T 75K

4.2. RIFMMERZE S

i FHE 2007 F1 2012 4F 3 BR AEY) 25 0] 43 AT AR AL B 5. (1] 4) . 2007 55 K37 = B vp R e AE 11 PR AR
Hrpaty, 2012 SERFHIFFETCE RS, 20 BOMREAE WL B . /N A e L i L PR g AR BB )
B RAS o TSR KR ) Pa b AL, SR AELAE L B T R A

4.3. RIFYMEEHEN

2007~2012 4F, FHEKFERIFPRE TP LG E1 REUF B, N2 SR K R R T X
FIRh A LA 25 2 38 ks 3 (1<) 5 AnPE] 6). FHorp, KEEMRPRE AL i 2007 4 11.53 x 10° hm? FF4%3] 2012
1 7.92 x 10° hm?, FFET 3.61 x 10° hm?, FREIEEE A 31.30%; Fhit Lkl th 2007 4E (1) 10.92% 4 £
2012 4Eff) 7.41%, FFET 3.51%. /N2, SR Tk R IR 4 i F 2007 4E (%) 2.13 x 10° hm?, 5.04 x
10° hm? 1 2.32 x 10° hm? 80 2012 4E ) 4.32 x 10° hm?, 5.45 x 10° hm? #1 4.62 x 10° hm?, 23 536H0n 1
2.19 x 10° hm?, 0.41 x 10% hm* 1 2.30 x 10° hm?, $EJINMEE 5 %A 102.74%. 8.23%F1 99.08%; it Lt fi
I3 2007 4EHY 2.02%. 4.77%7F1 2.20%38 0 F) 2012 4] 4.04%. 5.10%7F1 4.32%, ZrHI4EH01T 2.02%-.
0.33%F1 2.12%. AR VEYIIF R A8 N T 0.05 x 10° hm?, {HFFHE ELf] FFE T 0.96%.

RAEWE T ks A2 5| PP g5 A i 2 B SR R, WL PR BRI () oK DL SRR Al oK v 32,
KNG AR K ZE A, (HEKRMSEME G Bm T REE, RIE R ks ~, &P
TR AP R G 1 ORI, T K FZ MR TR . S ED RN BE T ik s iR ok, Yas
RS AR K, AR ] SO HR B AR — B SEAT A R AP AN PP AN BOR ,  [R]IARAT AR VE 7K P A B2
KRN R BRI, KRR EIEY /N R LT8R B AR A B0 b AR £ 475 2 0 ks 34 1
JRIAL

SRR AMAE— @R B RAE P 25 AR A, AR T i 8 SR AR T oK AN il S PR P A T AR
B bFt, EIEAEYIRZZE I TIAR TR, KR S (0 b 3 el R A R = R L B P e e, R
Z2 /NG PR BBl ) R SRR L L P R g i % 75

4.4. RIEDMIERET

2007~2012 4F[A], (hFHERAEVIFPAE S B # 3 B R AR AE DA ZARAEY) S5 HARAEY 2 8], K
o N THSEA TR KA B RS B (2 2)0 R NEEL SRR KRBT 6.77 x 10° hm?, 1.67 x
10° hm?, 3.56 x 10° hm* 1 1.95 x 10° hm® 5 R AR AEYD, 539 5 55 A AR 3 3 TR 1 71.19%
85.64%. 77.06%71 86.28%. JLAMRAIEMNE N KT, N JHEEA T K (I AR 43 5914 4.95 x 10° hm?, 1.92
x 10° hm?, 4.52 x 10° hm?® 1 3.95 x 10° hm?, 7333 (5 2012 4E & A AR AR K] 62.500% . 44.44% . 82.94%
1 85.50% . VU = B AEPIAR BRI A% A NEUD, FerP i B & K324 2.03 x 10° hm? #4 H y/hEz,
RS IR 21.95%, 15 2012 4F /N2 R THIFR Y] 46.99% .

5. @ig 5

1o 22 ) 73 R 2 e T AR R AR 2 A SR I AT R, (B8 ek S 2R BRI, A LASR IR X I ) 5
%o R 1) 7 BRI S AR T ARBF AR AN AR A E B 22 57, (ES IR 0 R RAR, AN IS Bt s bR
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Table 1. Accuracy assessment of crop classification in Shandan County in 2012

7 12012 FUIFA B RIEMS KERBEITFN

LRAEMZA R ZE1% TR R Z% il B RG E 1% F RS BEI%
X 13.73 12.00 88.00 86.27
N 12.77 18.00 82.00 87.23
i3 11.54 8.00 92.00 88.46
B S 6.98 20.00 80.00 93.02

HAph A 17.54 6.00 94.00 82.46
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Figure 4. Spatial distribution of crops in Shandan County in 2007 (a) and 2012 (b)
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Figure 5. Crop planting area of Shandan County in 2007 and 2012
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Figure 6. Crop planting structure of Shandan County in 2007 and 2012
[ 6. 2007 #2012 F L B RIEYFPIELEH

Table 2. Conversion matrix of crop type in Shandan County from 2007 to 2012
7= 2. 2007~2012 F LI B RIEMMIE LR BB

2012 4E#% NTHiAR/10° hm?
. &t
R#FE N I 5PN HAbARAEY HoAth

KF# 2.28 2.03 0.29 0.12 6.77 0.02 1153

NG 0.1 0.18 0.06 0.06 1.67 0.05 213

2007 £ S 0.41 0.11 0.42 0.42 3.56 0.12 5.04

LA

110° hm? 5P/ 0.05 0.05 0.14 0.06 1.95 0.07 2.32
HALAED) 4.95 1.92 452 3.95 65.14 4.01 84.49
HoAhh 2k 0.11 0.03 0.02 0.01 5.45 390.6 396.22
At 7.92 432 5.45 4.62 84.54 394.88 501.72

ANEILLPF B A R S R SR 7T . DR, ASHIF AR F TMETM+ AR A R B J5.(16 R Fr et ] 43 ¢ 2 ] 1
ARV R A KA 22 57, 30 m 1) 2% (8] 43 3 22 W] AR KRS FEVH BRIR B AR oy K iR 22), R I 18] 2 1 R E
VEXE 2007 A1 2012 AFILPHERIREE . AN THSERI FOK ) A3 (Rl 4 A AT R BRI, RS A IR UERE AN 4
KB FHATRE LV, SVERKS L 87.20%, Kappa %%k 0.84.

2007~2012 FEZ2 0], LPHER/INEE ISR FOK R bR AR AT LA S, DK S B A T ARUR L 451
NEE, SRR A A AE YR 5 F A I B R R R L R . AR . — T, TSR R AR
T KE: BJ5iE, ARIRTHECNERAEYIM SR K R R A T AR B AR . BRI RS
PRAPANFPAREL AN ISR, [R]I R BN ISR BV o S 0 0, s 28 5 AR B ) /N 22 B PR AR 2 5 I
TSR AN TR AP Y Bl ) R A AR = (1 LD PR P R L R RS, RS2 AN/INZE PR YU Bl ) 4 e il P A 1)
PR R

SR TMIETM+RA5 2 = 2R, VR 2 MBS TCIE N A, H BT A i FH A 800 23
=, WA LIRS I = AT A SR B, Be R ISR E H 3860 m] B8 G B R IS LR AR AR K
ZE, Wt — DS RAE P SR

S
[ 5% SRRl 4 B RHT AT RIAE A H (W H 45 91325302) 5 [H 5% AR Bl R e R4 H

%5 41501192) 4 %8l
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