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Application of variable fuzzy assessment method to drought
resilience evaluation: a case study of Hebei Province

GU Hong-bo, LIU Xin-yi, LIU Zhi-yu
(School of Management , Hunan University of Science and Technology , Xiangtan, Hunan 411201, China)

Abstract: Taking into consideration the natural and social economic conditions, eight indexes including precipita-

tion, multiple cropping index, yield per unit area, per capita yield, effective irrigation rate, labor force proportion, per

capita income of farmers, and ratio of agriculture output to input, were used to evaluate agricultural drought resilience.

By using analytic hierarchy process, the weight of each index was determined, and the variable fuzzy assessment model

was used for 11 cities of Hebei Province. The results indicated that there were significant differences among cities, with
Shijiazhuang showing the highest value of 4.2329, Tangshan the second 4.0046, and Zhangjiakou the lowest 1.8079.

We also found that effect of influencing factors on drought resilience varied. Precipitation was the most influencing factor,

and effective irrigation rate as well as per capita income of farmers and ratio of agriculture output to input also showed

considerable effects.

Keywords: drought disaster; drought resilience; assessment; the analytic hierarchy process; variable fuzzy method
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Table 2 Assessment index of agricultural drought resilience in Hebei

" AL R ANBHRE . B REANFHBA Ll # L
=1 11 =~ 2ol S YN 327 =3
X ks R ppen ey RURER SRR T e Ratioof
. . o Multiple A . Effective Labor force . .
Evaluation Precipitation . Grain yield Per capita C . income of agriculture
R cropping index . . . urigation rate proportion .
region /mm /(h z'hm’z) per unit area  grain production % /% farmers output to mput
m /(thm~2) /kg VoI /%
BRI Shijiazhuang ~ 602.0 1.74 8.73 508. 1 84.80 39.56 6159.8 76.37
JEIITH Tangshan 554.9 1.40 5.34 402.1 87.25 43.70 7528.0 56.92
ZZE T Qinhuangdao 5291 1.18 4.64 285.4 71.74 41.33 5728.6 80.13
HBHR T Handan 448.9 1.63 7.11 522.4 82.24 43.77 5605.4 76.47
TG Xingtai 589.5 1.55 6.38 588.0 84.77 44.53 4660.4 74.65
FRFET Baoding 601.9 1.53 7.11 509.2 82.19 50.61 5017.8 72.46
kKO T Zhangjiakou 467.4 0.81 1.35 270.1 29.45 46.92 3734.4 78.08
ARTETT Chengde 536.6 1.02 3.60 349.1 43.38 51.65 4036.8 69.28
T Cangzhou 535.4 1.46 5.87 631.7 71.32 46.86 5118.6 80.62
JEELATH Langfang 554.7 1.32 4.90 438.2 73.88 41.72 7055.8 83.22
57K T Hengshui 591.6 1.48 6.09 804.3 83.82 45.38 4157.6 90.14

BB < AR (AT JE AR GET4F- 25 ) (2008—2012) F -6 28 BF 47 %) (2008—2012) I S KU AR 1L
Data sources: according to “Statistical Yearbook of Hebei Province (2008—2012)" and “Hebei Economic Yearbook” (2008—2012) .
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Table 3 Grading standards of drought resilience indices

PEMTFE#R Evaluation index 1 %% Grade 1 2 %% Grade 2 3 2% Grade 3 4 2% Grade 4 5 2% Grade 5
[k & Precipitation( X;) 445 ~ 480 480 ~ 515 515 ~ 550 550 ~ 585 585 ~ 610
S FPHE% Multiple cropping index( X,) 1.8~1.6 1.6~1.4 1.4~1.2 1.2~1.0 1.0~0.8
AT AU 7 B Yield per unit area( X3) 1.5~3.0 3.0~4.5 4.5~6.0 6.0~7.5 7.5~9.0
AR Per capita grain production( X,) 260 ~ 370 370 ~ 480 480 ~ 590 590 ~ 700 700 ~ 810
F HEBE R Effective irrigation rate( Xs) 15~30 30~ 45 45~ 60 60 ~ 75 75 ~90
558 J1 ELE Labor force proportion(Xg) 37 ~40 40 ~ 43 43 ~ 46 46 ~ 49 49~52
PR AIIUCA Per capita income of farmers(X;) 3000 ~ 4000 4000 ~ 5000 5000 ~ 6000 6000 ~ 7000 7000 ~ 8000
4l = L Ratio of agriculture output to input( Xg) 55~ 63 63 ~71 71~179 79 ~ 86 86 ~ 95

2.3.2 AAxEEEGTRE MER L2WHER M, TSR R A SE G AE R SRR A KN

BRI R S PG FE PR RAIE (AR M A Sl 4
PRIpRUEEIX AR X\ Y, il A (5) T Rl
il M-

445 488.75 532.5 576.25 6107
1.8 1.55 1.3 1.05 0.8
1.5 3.375 5.25 7.125 9
260 397.5 535  672.5 810
M = 15  33.75 52.5 71.25 90
37  40.75 4.5 48.25 52
3000 4250 5500 6750 8000
- 55 65 75 85 95 -
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], G A2 (7 - 10) AFFHEE A R E RS AR X %
FON AR SRR -

-0 0 0 0.1600 0.8400
0.6200 0.380 0 0 0
0 0 0 0.09 0.9100
0 0.2455 0.7545 0 0
R ) 0 0 0.1733 0.8267
0.5733 0.4267 0 0 0
0 0 0.3935 0.6065 0
L o 0  0.7038 0.2962 0 -
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Table 4  Indexes judgment matrix

W H Item X, X, X; X, X; X6 X, X
X, 1 3 1 3 1 5 3 5
X, 173 1 1/3 1 1 3 1 3
X; 1 3 1 3 1/3 1/3 1/3 5
X4 173 1 173 1 1/3 1 1/3 3
X5 1 1 3 5 1 3 3 3
X6 1/5 1/3 3 1 1/3 1 1/3 1/3
X7 1/3 1 3 3 1/3 3 1 3
X8 1/5 173 1/5 1/3 1/3 3 1/3 1

Fam A2 (17 - 20), ATFSHALE w:
(0.2401,0.1063,0. 1134,0.0704,0. 2252,
0.0576,0.1399,0.0471)
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Table 5

Integrated relative membership degree for different kinds of model parameters

FEA a=1,p=1

a=2,p=1 a=2,p=2

Sample 1 2 3 4 5 1 2 3 4

1 2 3 4 5 1 2 3 4 5

E%Em 0.1183 0.0135 0.1581 0.2085 0.5016 0.1499 0.0205 0.1604 0.2140
Shijiazhuang

i 0.0363 0.1772 0.1608 0.3203 0.3053 0.0095 0.0787 0.0686 0.4598
Tangshan

oy
iiu%fﬁ 0.0627 0.1253 0.6647 0.1473 0.0000 0.1145 0.1340 0.5935 0.1581
(Qinhuangdao

ﬁﬁlﬂi 0.2985 0.0937 0.3304 0.2773 0.0000 0.3462 0.1046 0.2700 0.2793
andan

N
T(AD;E 0.0000 0.2418 0.2143 0.2240 0.3200 0.0000 0.2578 0.1658 0.2158
mglal

{fgzm 0.0000 0.2247 0.1728 0.1994 0.4032 0.0000 0.2250 0.1711 0.2104
a0ding

W i
‘r&%” i 0.5432 0.2349 0.0437 0.0555 0.1227 0.4337 0.2465 0.0565 0.0753
Zhangjiakou

T
0.1125 0.3163 0.3623 0.1175 0.0913 0.1334 0.2471 0.3640 0.1474
Chengde

e 0.0000 0.1475 0.4976 0.3531 0.0018 0.0000 0.1957 0.4545 0.3458
Cangzhou
i

0.0000 0.1360 0.3276 0.3820 0.1544 0.0000 0.1339 0.2914 0.3782
Langfang

@UJ@E, 0.0680 0.1875 0.1188 0.2077 0.4180 0.1151 0.2062 0.1181 0.2013
Hengshui

0.4553  0.0306 0.0003 0.0541 0.1025 0.8125 0.0574 0.0008 0.0672 0.1333 0.7413

0.3834 0.0033 0.1044 0.0834 0.4278 0.3811 0.0095 0.0787 0.0686 0.4598 0.3834

0.0000 0.0052 0.0236 0.9371 0.0341 0.0000 0.0255 0.0364 0.8848 0.0534 0.0000

0.0000 0.3142 0.0217 0.4012 0.2629 0.0000 0.4479 0.0269 0.2520 0.2731 0.0000

0.3607 0.0000 0.2199 0.1650 0.1832 0.4319 0.0000 0.2306 0.1099 0.1480 0.5116

0.3934 0.0000 0.1578 0.0851 0.1189 0.6382 0.0000 0.1688 0.1183 0.1582 0.5547

0.1880 0.8409 0.1237 0.0030 0.0049 0.0275 0.6803 0.1975 0.0068 0.0126 0.1028

0.1080 0.0341 0.3803 0.5264 0.0376 0.0216 0.0564 0.2456 0.5921 0.0713 0.0347

0.0040 0.0000 0.0385 0.6570 0.3045 0.0000 0.0000 0.0766 0.4065 0.5168 0.0000

0.1965 0.0000 0.0461 0.3656 0.5268 0.0615 0.0000 0.0469 0.2982 0.5393 0.1156

0.3593 0.0111 0.1057 0.0373 0.1345 0.7114 0.0414 0.1634 0.0439 0.1543 0.5970

Fo AEEMATETGEER
Table 6 Results of variable fuzzy assessment method

FEAR Sample a=1,p=1 a=1,p=2 a=2p=1 a=2,p=2 FAE T Stable range  HJ{E Mean value

AFRIE Shijiazhuang 3.9616 3.8044 4.6653 4.5004 3.9616 ~ 4.6653 4.2329
FEILITH Tangshan 3.6812 4.1291 4.0790 4.1289 3.6812 ~ 4.1291 4.0046
Z BT Qinhuangdao 2.8967 2.7951 3.0000 2.9661 2.7951 ~ 3.0000 2.9145
HBHR T Handan 2.5865 2.4824 2.6129 2.3505 2.3505 ~2.6129 2.5081
TB&E T Xingtai 3.6221 3.6793 3. 3.9406 3.6221 ~3.9406 3.7673
PRET Baoding 3.7811 3.7723 4.2376 4.0988 3.7723 ~ 4.2376 3.9724
FKF T Zhangjiakou 1.979 2.3372 1.2546 1.6601 1.2546 - 2.3372 1.8079
ARTET Chengde 2.7589 2.8496 2.6322 2.7824 2.6322 ~2.8496 2.7558
M Cangzhou 3.2093 3.1581 3.2660 3.4403 3.1581 ~ 3.4403 3.2684
JEEYi T Langfang 3.5548 3.6372 3.6037 3.7235 3.5548 ~ 3.7235 3.6298
/KT Hengshui 3.3639 3.4835 4.4295 4.1020 3.3639 ~ 4.4295 3.8447

3 48
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