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Response mechanisms of a county territory agro-pastoral system to climate

fluctuations in an agro-pastoral transitional zone
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Abstract: The response mechanism of an agro-pastoral system to climate fluctuations is one of the major scientific
challenges associated with the establishment of an agro-pastoral coupling system, as well as being a key problem related to
the sustainability of an agro-pastoral transitional zone. By using stepwise regression analysis ( SRA) and empirical mode
decomposition method, we evaluated the dynamics of climate fluctuation and the corresponding changes in the agro-pastoral
system of Yanchi County between 1954 and 2013. The range, amplitude, and variance contribution rate were analyzed for
12 indicators in the climate system, agricultural system, and animal husbandry system. Furthermore, we explored the
relationships among fluctuations in climate, agriculture, and animal husbandry. The results demonstrated the presence of
clear fluctuations in the agro-pastoral system, which corresponded to climate fluctuations in the past 60 years. The sequence
of fluctuations ranging from strong to weak comprised the climate, agriculture, and animal husbandry systems. The amount
of variance contributed by high-amplitude intrinsic mode functions (IMFs) was the highest for climate indicators, followed
by agricultural indicators and animal husbandry indicators. However, the amounts of variance contributed by medial- and
low-amplitude IMFs exhibited the opposite trend, increasing from climate indicators to agricultural indicators and then

animal husbandry indicators. The SRA showed that the main factors contributing to the fluctuations were annual
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precipitation, followed by the total grain output and total number of sheep. Thus, the amplitude of the system was higher
when it was more controlled by nature. Furthermore, the agriculture and animal husbandry systems generally exhibited
changes due to the combined effects of economic factors and climate fluctuation during the past 60 years. Agriculture was
affected the most strongly by climate before 1999 when an abrupt change occurred, but subsequently, the effects were weak.
Similarly, animal husbandry was affected the most strongly by agriculture before the abrupt change point, and the effects
were weaker thereafter. In addition, in recent years, both the agriculture and animal husbandry systems have been
increasingly influenced by economic factors. The input of water and capital has improved and stabilized the total grain yield,
thereby leading to dramatic increases and further extreme fluctuations in livestock numbers. Finally, the differences in the
fluctuations, correlations, and climate response features of the agriculture and animal husbandry systems demonstrated that
coupling these systems may help to reduce fluctuations in these individual systems. Therefore, it is important to design an
agriculture and animal husbandry coupling system with balanced positive and negative feedback according to the rules of

ecology and economics in order to achieve sustainability in the agro-pastoral transitional zone.

Key Words: agro-pastoral system; agro-pastoral transitional zone; climate fluctuation; response mechanism; Yanchi

County in the Hui Autonomous Region of Ningxia
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Fig.1 Precipitation, output of grain and livestock number of Yanchi County in the recent 60 years
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Table 1 Volatility and relationship of climate, agriculture and husbandry in the recent 60 years

Rtz LT Eh il 60 4F RAAFAY
TiH Steady period Rise period with In the recent The year that
Items with fluctuation fluctuation 60 years abrupt change
(1954—1999) (2000—2013) (1954—2013) point occered
KW (C,
MR M, (€, 0.2828 0.2429 0.2971 19932000
Fluctuation of precipitation
A st (C,
B ,LLE jJ (€0 0.4364 0.1770 0.6999 1999
Fluctuation of grain output
AR (WY W) VB (C
RERR(UFRAOE) WIHE(C,) 0.1237 0.3071 0.2623 2000
Fluctuation of livestock numbers in sheep unit
Kt HHREE ™R s .
FEK LS R L8 . 0.4531°*" 0.4601 * 0.2073 -
R value of precipitation and grain output
Rk it 5 MAE R B R R
R value of precipitation and livestock numbers 0.1036 0.2047 0.0655 -
in current year
Rk i 5 AR R B AR R
R value of precipitation and livestock numbers 0.2372 0.1247 0.0895
in the next year
R B B SRR B R
R value of grain output and livestock numbers 0.2885 " 0.7456 """ 0.7249 """~ -
in current year
RS 5 AR R FH A R
R value of grain output and livestock numbers in the 0.5486 **** 0.7622**** 0.7808 **** -
next year
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Table 2 Multiple regression analysis of grain output and livestock number and their influence factors
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A T GRS HHE 39752 45 0.029 0.704
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RA 5 HIE —13925 13 0.013 0.878
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P Lie ST FHE 4.3x10° 46 0.016 0.109
Livestock (1954—2001) A FE¥AHE 0.016 10.9 1
numbers R BRIE 5.7x10° 11 0.034 0.912
(2002—2013) MR- H 0.002 70.7 1.381
Ak 55 5 F NEk 0.01 22.8 1.249
A Raifg A 0.024 5.6 1.666

2.3 SAfr—gl—Holk RGN r R E

KT IRAGIT R G Bl A REAE RIS ), 28 S 2 43 i s CEMD ) B Al FR I K 32348 B AT A8 AR
TR 12 DMHEAR (3R 4) 3T 60 a T TH] 81 43 A 80 H AN S I AERLZS BRI (IMF ) 43 i Fia e
H e AT i g B2 S B ek,

SRR K R LAYE 3 4R JEIUI) IMFL 43 05 s iR BE B K, 3T 60 a V34385 £55mm, 1954—1968 4% ol i i e
K, MJETE 1978—1987 . 1993—2002 445 T HE il , 1988—1992 2003 4= LUK, Il e /b, 1 4.6 a 1Y IMF2
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Fig.2 Variance range and its trends of IMF of annual precipitation, grain output and livestock number
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Table 3 Variance range of IMF in changing of climate agriculture husbandry system factors

+

IMF1 Intrinsic IMF?2 Intrinsic IMF3 Intrinsic IMF4 Intrinsic
mode function 1 mode function 1 mode function mode function
. i) Hixs) ik s) ik 3)
Ttems Y3 W/ % 2 X W2/ %6 4 X Wi/ % 4 Xk R/ %
iR Percentage of BRI Percentage of BRI Percentage of Bl Percentage of
Amplitude IMF1 in Amplitude IMF1 in Amplitude IMF1 in Amplitude IMF1 in
amplitude amplitude amplitude amplitude
AR -56.18— -18.11— -27.52—
38.24 12.80 -14.3—12.51 9.24 18.45
Annual precipitation 54.71 19.02 /25.98
WA= -7502.26— -3164.99— -3052.41—
40.80 17.96 17.25
Grain output 6978.50 /3209.23 ? 3067.74
REK = -48804.48— -38766.72— -44706.55— —-83452.40—
A At 8804.48 1136 8766 9.72 06.55 10.56 83452.40 19.57
Livestock number 45119.01 41644.07 42668.96 78390.42

2 o e By FEE 5 2% D B 23k ) B R RSP 32 (R B/ N DS R PRI 3 A4 BB = (83 Qe SR/ 1R Fn-F- 24 fE) + 1009%
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Fig.3 Negative feedback of farming and husbandry system by climate volatility
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Fig.4 Positive feedback of farming and husbandry system by the input of natural resources and economic factors
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Table 4 Variance contribution of IMF in changing of climate-agriculture-husbandry and economic system factors

s . T
Ttems Indicators lntr1n51f: mode lntr1n51F mode lntrlns@ mode lntr1n51‘c mode lntr1n51.c mode Trend item
function 1 function 2 function 3 function 4 function 5
SRR Climate variables AR K 70.58(3) 6.19(6) 4.65(9) 11.83(30) — 6.76
AR 23.14(4)  16.58(7) 8.98(14) — 51.30(-) 0.00
MREFEDR B ey Niipl 14.14(4)  26.64(8) 15.32(13) — — 43.91
Forest and grass variables b TR 6.33(4) 5.89(6) 5.64(14) 1.26(22) 13.49(-) 67.38
FEBFE L 17.39(4) 2.17(8) — — — 80.44
223546 FR Economic variables Al 57 ) 1 NEX 0.32(4) — 0.39(12) — — 99.28
A R A4l A 0.35(3) — 2.38(16) — — 97.27
AV 545 Agriculture variables AT G RN AR 15.16(3)  27.48(4) 27.09(7) 22.25(15) — 8.01
ST T AR 0.27(4) — 2.16(14) 6.53(40) — 91.04
AT M 11.70(3) 2.82(5.5)  2.61(12) 82.86
ol F5 b5 P ie 7.74(3) 4.42(7) 4.11(16)  13.29(26) — 70.44
Animal husbandry variables F R M 7.42(3)  11.52(10) — 15.00(24) — 66.59

IMF . 3% 8l 73 Intrinsic mode function ; #5345 PN I B 2 7 A I AR 2 BRI ER ) v JE 1 (47 )
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Ko BAARPRBAS IR PR HRIE-S 75 22 STRCREE SRR, B sl s B 554K U U Al otk B2
TR AZ AT 1 7 Ml B DA v A Bl AR PR

3 e

FA AR S AR RO (R 1) DIV B B BB ST AR KR, T EMD 2047 1 WAl A A2 P e
TG, ZH 2R AE T AN AR A B 348 (4 T7 22 R/INFIRE RS HERE o AN A5 A% A S5y AR R B O A T2 Ak
ARSI P Sl BT ORACR T o AE R B AT AR A Mg 3 (M R, A Rl 3 S B sh 46 /1
Lo e o Y A TR e LK T AN A b N ) e A AN £ 5| i S Vo 5 i T a7 8
ARLBC, 7 X R %) 447, A P U7 R A e T AR, S 2R 0T e R AT S A A AR B 2, IR AR
BN S I B A R AN SR SR A 7 T AR BRAZ AR, i A A P R AR AN A RN B IR, o5 —
T3 T, 7 B R X R A v AR MR 62 77 o AR (o P A 7 AR T AN AR ) S Ml 2 22 5 ek > T 3l
MV FE TSR Gi/IN A B A2 T AL W7 TP 45 2R, 2000 47 AT AR B S 28 5 R BOR A AR 2
TS TR A8 1) AN ] 7 1] 30 A 4 4%

DAL 23 A7 6 B T H R P A R MR ™ Y S 25 M P 1 AR ™ B B M R o R otk .
Z A FOREE E LUARFLHEAR 5, 77K 70 AR BCA O SE M 1 O i — T BB AR WA SR Ab B2 a2
SRR ML B L 2 AR A, A IS ARME SOl R R R R AR S A S R SIE R bt B
TV R B 5 AR ST, AR T R 5 25 T A i 1 i, T L 2 e R 2 o L
B RAEBEE 1R HUR SR B B K BT Bk, IR, 5 F A I R AT — A B (] U

Bl X A B e LS AR AL AN R 22 TCEEM], RS R SR A AR e By KK wm il g, H
SRR 1A PR T N T S S AR T R A F e SR T AR AR A B AR R Ol AR S I
S EATRGNE AU R RRCRAR 3 S A BORBIR . INaR AT SN AR R e T 358 1 R K o 5
W Z AR OGOC R o B R i 5 5K B AT A WA AR AR 3 1 0 5. 28 A DG , X T 58 R & B O 3
W A BO A FWRAE (32 2) P, (HROFAZ LIRSS R, R YIS JE I (¥ 5 2 ( Longido ) A5 JE TE
IS EP X, KRS i I A A AR I T AT A ™ AR R i 7 2B RS R SR R R T e
PRYER IR AR AE . N EMD S0 R (1 2) , 3 224 it B O A i B Al i Bt , 285 KA
FIEE Ol e Ji S B B B AR A R TR

4 ZEig

(1) AW AR L2 TS W B A BRI B gh Ik, e MRRE (2 5F Ak Ol 19 2 B b 3t
3—4 a 6—8 a 12—15 a.22—40 a MEFIMIAYNS . s Al O R bR R B sh 34 (1 3—4 a JH )
(877 22 STRRAAMRUCIB N , 17 P B S 70 1 1 T 22U R sl i s B S5 U e Atk ol il 32
GRS O 1477 M AR DL e 3 o 32, 5 gl B A Fh A B A M 5 B Ol 9 A 3 B R

(2) RHLARGAEIT 60 4F EEZ 2207 RELHI IS A A a F R AR, (R 52 U i 9K 8l e A= e sl ARl A
RAL Z R 32 TAGFEMA K, 578 2 Jie WA b 0ol / ) 5 RO A8 SR AR Z i 2 AR 2 i K, 2R A8 2 Je A e o/, 55 1t [
I, AV MURE B ) A RRAECA S 28 B4R R XA R GE B 2 RO O 3+ JLAF AT X & FIEE A T
XoF T e AR E MRS i EAT AR (B 1 R A O R o HUS R S A Ol B S

(3) ARM RGP BN 25 57 AFBRIA] AR 38 AH S AR 2 TR B A R 1 22 5, U AR ORI 5 R ST RERS
DA AR, SHEMZ T A I AR FECR MR GREE . AR IR AL SN2 U U A P R St
Friseit, R R A S TE SRS AL AR e 4 A A MO 5 AR 8, SEBUARIBCS B i AR MOl T 5 K R
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