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Abstract: An estimation of the total production of herbage in Xinjiang using remote sensing technology is an ef-
fective method for quantitative evaluation of regional animal husbandry productivity. It is time-consuming and
cannot cover the whole area of the Tianshan Mountains, although the measured accuracy of the total herbage
yield using conventional means is very high. To address this problem, we used MODIS/MOD13Q1 vegetation
index products, with 250 m GSD as experimental data and city or county as a basic unit for analysis. The Bhat-

tacharyya distance was used to quantitatively evaluate the distribution of the similarity of the vegetation index
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in the Tianshan Mountain Area as a study case. The purpose was to obtain an effective remote sensing modeling
zoning, and then to construct an estimation model of the total production of herbage with respect to the vegeta-
tion index using remote sensing technology. Finally, the spatial distribution and feature analysis of the total
herbage yield (fresh weight) in the Tianshan Mountains from the year 2009 to 2015 were determined based on
the analysis of the spatial distribution and characteristics obtained under the GIS platform. The results showed
the following: the seven modeling zones were derived from an analysis of the mean histogram of NDVI data col-
lected during the optimal period (i.e., July and August each year) of vegetation growth for each city or county
in the study area via the Bhattacharyya distance with a threshold greater than 0.5. Secondly, the constructed es-
timation model of the total production of the herbage showed different fitting relationships to the vegetation in-
dex, and there were three forms, including the exponential, power index, and a unary regression equation with
the second order. On the whole, the fitting correlation coefficient of the constructed estimation model could
reach between 0.754 and 0.836 for each zones. The RMSE value of cross-validation in the northern slope of the
Tianshan Mountains-Yili Valley was 2 951 kg » ha ', and the RMSE value were between 266 and 928 kg « ha !
in the other zones. This was because more measured samples which total production of the herbage was be-
tween 10 000 and 30 000 kg * ha !

gional herbage in the zone than others.

were collected in the zone. Also there was higher total production of the re-

Key words: Tianshan Mountains Area; total production of the herbage; modeling zoning; remote sensing esti-
mation model; spatial distribution
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Table 1 Area and proportion of four kinds of

typical grasslands in the study area
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Fig. 1 Spatial distribution of four kinds of typical grasslands in the study area
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Table 2 The Bhattacharyya distance of the normalized mean-frequency histogram of NDVI data and
the corresponding modeling zone in the study area
) AR T EIRE Bl Bl s R E Rl OEiEE mirh
Ry IX 8.
Chabhar Yining Huocheng Yining  Nilka Gongliu Tekesi Xinyuan Zhaosu
Modeling zone County/City
County County County  City  County County County County County
#2415 /K Chabhar County 1.00 0.66 0.82 0.66 0.70 0.72 0.76 0.51 0.63
P H Yining County 0.66 1.00 0.77 0.66 0.78 0.78 0.71 0.72 0.69
2 I H Huocheng County 0.82 0.77 1.00 0.64 0.82 0.86 0.86 0.64 0.75
T Yining City 0.66 0.66 0.64 1.00 0.60 0.58 0.56 0.47 0.51
1 Je # 7 B Nilka County 0.70 0.78 0.82 0.60 1.00 0.80 0.84 0.75 0.86
I8 B Gongliu County 0.72 0.78 0.86 0.58 0.80 1.00 0.85 0.72 0.75
e BT B TekesiCounty 0.76 0.71 0.86 0.56 0.84 0.85 1.00 0.69 0.82
#r i B Xinyuan County 0.51 0.72 0.64 0.47 0.75 0.72 0.69 1.00 0.74
75 . Zhaosu County 0.63 0.69 0.75 0.51 0.86 0.75 0.82 0.74 1.00
HR Sy X 2D L5 TR T R B IFREIRY
Modeling zone County/City Wusu City Bole City Wenquan County Jinghe County
95T Wusu City 1.00 0.79 0.75 0.80
#4577 Bole City 0.79 1.00 0.76 0.66
L i R H Wenquan County 0.75 0.76 1.00 0.67
A B Jinghe County 0.80 0.66 0.67 1.00
HR Sy X £ AT JURER =S 2 3 B I [ BE B Z it
Modeling zone County/City Shihezi City Shawan County Manas County  Hutubi County Kuitun City
A0 F1i Shihezi City 1.00 0.71 0.57 0.58 0.71
b5 B Shawan County 0.71 1.00 0.78 0.73 0.64
il I gl 3 B Manas County 0.57 0.78 1.00 0.73 0.54
I & BE B Hutubi County 0.58 0.73 0.73 1.00 0.59
Zs1li i Kuitun City 0.71 0.64 0.54 0.59 1.00
B IX 3G D) B KR e
Modeling zone County/City Changji City Miquan City Fukang City
B 7 T Changji City 1.00 0.81 0.77
I\ >k R 17 Miquan City 0.81 1.00 0.83
BT Fukang City 0.77 0.83 1.00
H Sy X 2D AR A2 HIRE RN
Modeling zone County/City Qitai County Mulei Autonomous County Jimsar County
&1 & & Qitai County 1.00 0.75 0.73
K& )
Vv ) 0.75 1.00 0.74
Mulei Autonomous County
HARBE/RKE Jimsar County 0.73 0.74 1.00
HR Sy X £ (AEERR=Y HER
Modeling zone County/City Barlikun County Yiwu County
W & B3 H Barlikun County 1.00 0.76
PrE-H Yiwu County 0.76 1.00
Ay X B £
Modeling zone County/City Hejing County
VI B Hejing County 1.0
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Fig. 3 Diagram of similarity zoning of NDVI time serial data based on the Bhattacharyya distance
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Fig. 4 The normalized mean-frequency histogram of NDVI data in the study area
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Table 4 List of regression models and the results of cross validation of total production of the herbage-NDVI

F4 NDVIFEMBFESORAEMRETXEEERTIR

P R* BE 8
G IX [ 3 5 70 DIEES = Adjusted ~ RMSE/ Sample
Zone Modeling type Regression coefficients correlation (kg « hm ?)
coefficient number
y=ae™ +c¢ a=748.278; b=0.416; c=—1 480.075 0.692 3 0.686 8 2 956.008
y=ar+b a=2919.790; b=—7 871.904 0.637 4 0.634 2 3 447.071
I y=a+bxr+cx’ a=2 749.592; b=—2 228.115; ¢=520.651 0.688 4 0.682 8 2 946.565 Lo
y=az"+c a=27.225; b=3.143; ¢=164.135 0.690 4 0.684 9 2 951.245
y=ae™ +c a=0.099 3; b=1.656; ¢=970.249 0.699 1 0.693 1 878.249
y=ar+b a=754.154; b=—430.20 0.358 9 0.352 6 1 319.649
I y=a+bx+ca? a=2619.598; b=—1 865.506; c=363.745  0.5456  0.536 6 1 190.839 104
y=az"+c a=6.368E—06; b=10.915; ¢=996.389 0.698 6 0.692 6 879.623
y=ae" +c a=166.206; b=0.393; c=23.438 0.6933  0.676 3 327.564
y=ax+b a=355.045; b=—50.744 0.624 3 0.614 1 358.947
f y=a+br+cz? a=887.640; b=—245.462; ¢=76.127 0.699 8  0.683 2 328.892 39
y=az"+c a=10.929; b=2.746; ¢=635.403 0.698 8 0.682 1 326.929
y=ac™ +c a=0.060 1; b=1.686; c=875.501 0.640 2 0.629 2 574.803
' y=ax+tb a=598.760 8; b=—1 289.092 0.404 1 0.395 1 686.268
N y=a+bx+cz? a=4 228.837; b=—2 134.950; ¢=310.400  0.527 8  0.513 3 650.753 68
y=az"+c a=5.315E— 063 b=10.837; ¢=922.885 0.6336  0.622 3 584.147
y=ae" +c a=165.239; b=0.383; ¢=578.310 0.570 0 0.547 7 392.536
y=ar+b a=273.982; b=401.964 0.500 4 0.487 9 413.103
v y=a+bx+cz? a=1103.633; b=—249.927; ¢=74.293 0.5910  0.570 0 375.322 1z
y=az"+c a=12.938; b=2.618; ¢c=839.286 0.581 6 0.560 1 381.863
y=ae™ +c¢ a=1.812; b=0.748; ¢=5.871 0.673 1 0.666 1 268.850
y=ar+b a=276.191; b=130.997 0.5114  0.506 2 328.578
L y=a+bxr+cx’ a=1 069.387; b=—435.972; ¢=103.711 0.648 4 0.640 8 274.912 96
y=az"+c a=0.600; b=4.394; c=653.542 0.672 6 0.665 6 266.568
y=ae" +c a=253.621; b=0.417; ¢=258.955 0.616 2 0.610 5 928.710
y=axr+b a=1 182.533; b=—23 351.688 0.5655  0.562 3 1 .000.695
M y=a+bx+ca® a=3 412.629; b=—1 399.207; ¢c=233.912 0.612 8 0.607 0 937.632 136
y=az"+c a=5.068; b=23.429; c=1 015.085 0.6153  0.609 5 932.101
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Fig. 5 The fitting relation curves of the total production of the herbage—NDVI for each modeling zone

x5 AHORBEATNDVI-EMBFESEORERRZTXRILER

Table S The regression models and results of cross validation of the total production of the herbage— NDVI in the unzoned case
W R® BE OB
EYEL R MEEESXA4 , Adjusted RMSE/
) . . R* ) ) Sample
Modeling type Regression coefficients correlation (kg * hm %)
coefficient number
y=ae™ +c a=57.185; b=0.703; ¢=425.156 0.597 0.596 1 492.482
y=ax+tb a=1 330.417; b=—2 619.260 0.389 0.389 2 205.219
600
y=atbx+cz? a=3 820.722; b=—2 682.155; ¢=482.320 0.573 0.571 1 680.967
y=ax"+c a=0.430; b=15.035; ¢=750.253 0.600 0.599 1 478.640

Xt 4 2% or X SR T L K 3% 5 i A p X
BT B9 PO AL, AN 73 X [n] U 4 200 Y e 5 3R 8 R?
T &A o3 X A A 3 B SR NDVT AR L 4y
DX, 1A 1 72 RE A O 2 TR AR e A 7 5, B0
FRTHE /AR R BRI T A HRx X
[\ A5 A0 f) ik 1 1% 22 RMSE Y376 1 000 kg « hm * LA

WA 3 266 kg « hm * B0 T A 70 X IR HY
A4 1 AR R iR 2388 T 2 951,910
kg « hm ™", 3 FEIE 43 X T P S 00 5L b 487 o 7F
10 000~30 000 kg » hm ™ IYAE S 2 5 T AN 43 X [1] ) 48
RGP R A8 T 40 X1 9 JR DR A 58 DX LA X8 1Y
S B L IR T 10 000 kg + hm 2L H A
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6) , I AEAS D BEHL 2 X N 57 NDVI— b 8 77 7 i
ALY (R 5) , DAARGEAR R 43 X ] 5 2 A5 X6 4
AR T, LA I BEAL A X TR S A e
BT Shy 5 BB T, P 8 RAEC R O 0,549, fli i
% RMSE 4 2 508.562 kg » hm * (3 6); BEHL X 1T
() B AR [mD 0 AR Y S P £k BRI, HD R® N 0,524,

80°00'00" E

85°00'00" E

RMSE 4 479.584 kg « hm % ; BEHL /3 X (1] 5 4 ] 9 45
TRy 4R RO A R e REC R GAE T 0.692, 1
B AL iR 2% 604.101 kg  hm 2,

ia e 5 MK 6, BEML A X 5 1570 ) 5 AR AR S
4 fige R B B AN O LA B AL 4 DX T [ 05 S AR e
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FEREALAY X1 5 REAL 2 IX AR T A8 43 X [l U9 455 480, 3¢
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Fig. 6 Diagram of random zoning of NDVI time serial data
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Table 6 List of regression models and results of cross validation of the total production of the herbage—NDVI in each random zone

BEHLAY IX - , T % R BE AR
mYEE:Ei] EYEEY 3 f Adjusted RMSE/
Random R* . ) Sample
Modeling type Regression coefficients correlation (kg « hm™?)
zone coefficient number
y=ae" +c a=333.549; b=0.485; ¢c=—690.408 0.547 0.544 2 516.493
y=ax+tb a=2 383.587; b=—7.565E+03 0.470 0.468 2 951.910
1 251
y=atbx+ca? a=4 929.915; b=—3 038.495; ¢=529.284 0.545 0.541 2 552.954
y=ax"+c a=5.675; b=3.782; ¢c=459.552 0.549 0.545 2 508.562
y=ae" +c a=21.182; b=0.720 6; c=686.125 0.529 0.522 501.783
y=ax+tb a=2366.143; b=—82.785 0.404 0.400 540.456
Il 149
y=a+bx+cx’ a=1 530.595; b=—662.416; ¢c=133.370 0.524 0.517 497.584
y=azx"+c a=0.533; b=4.449; c=776.787 0.530 0.524 500.581
y=ae’ +c a=0.036 0; b=1.802; ¢c=860.036 0.692 0.689 604.101
y=ax+tb a=615.016; b=—389.069 0.322 0.318 915.760
i 200
y=atbxtcx? a=2 441.925; b=—1 643.751; ¢=316.854 0.520 0.515 821.791
y=azx"+c a=8.301E—07; b=11.965; ¢c=882.226 0.689 0.686 610.138
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