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The evolution pattern and attribution of rainfall use efficiency since the
implementation of the project of returning farmland to forest (grass): A case study
in Baoji
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(1. Northwest A & F University, College Economics & Management, Center for Resource Economy and Environmental Management, Yangling 712100,
Shaanxi, China;

2. Northwest A & F University, Western Development Institute, Yangling 712100, Shaanxi, China)

Abstract Monitoring the dynamic changes of precipitation utilization efficiency can indicate the degradation or restoration
of vegetation under the influence of climatic factors. In the traditional method, many factors such as precipitation and
temperature are used to explore the response relationship with vegetation NDVI (Normal Difference Vegetation Index). This
study is based on the Rainfall Use Efficiency (RUE) model, which integrates the three dimensions of climate, land
use/coverage, and optical remote sensing, separates human intervention (increase/decrease) factors, and monitors the spatial
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and temporal evolution of RUE in the growing season. Geographic probe method explores its driving force. The results show
that: (1) After two rounds of conversion of farmland to forests (grass) in Baoji, RUE generally showed an upward trend,
especially after the first round (2009-2013), the percentage of pixel area that showed a significant increase trend was the
highest, reaching 65.69%. The whole area changed from human-induced interventions to human-induced interventions under
the first round of project implementation (2001-2008); (2) Summer rainfall was the most abundant, and spring rainfall was
poor, which showed an increase in summer RUE. The rate [0.07- (10a) ‘]Jand the decrease rate of spring RUE[-
0.06 - (10a) ] are the most significant. The inter-annual, summer and autumn seasons have the highest RUE values for
forest land, and the highest RUE values for urban and rural land in spring; (3) Vegetation coverage, relative humidity,
sunshine hours, total grain production, maximum wind speed, precipitation, temperature, population density, afforestation The
area's explanatory power to RUE decreases in order (95% confidence level), and the vegetation type, slope, and aspect have
no significant explanatory power to RUE. The explanatory power of the spatial distribution of RUE under interaction is
represented by climate and environmental factors>natural resource factors>human activity factors>geographical
environmental factors. With the increase of the slope, the RUE increased first and then decreased, and an inflection point
appeared at a slope of 26°~31< The afforestation area and RUE have a synchronous increase and decrease trend; the
vegetation has a significant role in promoting RUE, and the population density has a significant effect on RUE. The stress
effect is significant. In addition, the precipitation of 665.51~679.80 mm has the highest risk of increasing RUE, concentrated
on the east-west horizontal line of Chencang District.

Key words returning farmland to forests (grass); rainfall use efficiency; human intervention; driving factor; Baoji area
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Fig. 2 Spatial layout of vegetation driving force in growing season
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Fig. 4 Variation trend of RUE(*100) during the growing season in Baoji area in different time periods
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UG, R RE EZERE K, T 0.308~0.398. W 12 DNIKF)HE K q [EAEILES,
2003 SERIH B B, oK, SRR NO%EE, 2005 FRFEKE. MATEE, 2016 R
BEL ORE R E, DL 2014, 2001, 2011. 2017 4E4r BIAHN AR 0% 78 o5 R . MR . SR, 3K
], ¥J%F RUE 73 [8] 70 A7 AR S P i K 2002 4F FAE B 78 26 % . S ARTHIAR, 2006 4 3 M) . AR e =
B, 2012 FRIMHMEE . R M . NO%E, 2013 FRFKE. HBRH. S AX#E, P&
2001. 2008 “FMIS . B E, YN RUE =% [8] 50 A5 1 AH R P B /N o




EAE BBHEAR (B RS LLR B /K R I A A% JRy B VA TRl —— LA 5 38 1 (X 41 9

# 4 IKFSIHETF X RUE fRRE ) AR SR
Tab.4 Ecological detection of driving force factor for RUE interpretation

Bl X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
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Fig. 5 Q-Statistics change trend on the driving force factor detection

# 5 & RUE KUGHRI 345 1 (BAS KT 95%) , 12 NIREN A B 7 KU TE B 9 RUE S48 1 & 2
IRHERT 4 A7 IR TN 26°~31F 8 & . 19 687.78~22 462.87 hm? ik Ak A1, 0.57~0.59 [+ 4 78
FE, 2.76~2.89 A km? [ ANIIEREE, %5 RUE RS . SHASFEIEE 70 X %R ) RUE $14 Eb
BN, BEEM RGN, RUE 2un/Em B e, w3 26931 Bl &, HNiEm
RUE F /KB IX o 38 AR IR 2 2R 1) 0 A0 02 388 110 2 TR) A0 A RS AiE, HmE X 2 RUE [ B &
X, ROWHRAGFDBERAELER; SNEEESEEYS RUE SR04 K, RUE BEEMEE S
KPPt e, FEHEEESEFRAENX RUE #EEEE. T, RUE ZHEMPEREEHEZ; AN
S L Y 4 U R AR A I A () o A AR, EVEIEX MR KE. 5 RUE B A A 4
FRFAE, BN D2 EEXT RUE e fE A B3 BKEERNTEET R 20 RUE 1) 32 S {E K
+, X 2001—2017 FFFEK &R S50 E RUE SMEHAT IO, S50 1 X 2 45 FF K & 235 18] 4015 B
KL, 665.51~679.80 mm [ X Ik = RUE HIJR i mr, £ TG X AR-THKFL X L.
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Tab.5 High risk range definition and value range of RUE on each driving factor

TEpE IEARTHAR Rk gt FHXSIR S RRE BE 0 R A0% WAL

65 R =3 Ji1) Byt |3 =

AR 0.57~ 19678.74~ 665.51~ 13.79~  66.84~ 1447.19~ 151.68~  26°~ ] Ll 276~ 37455~

iR 0.59 22462.87 679.80 14.70 67.74 1456.98 152.76 31° H +& 2.89 39542

S
J;

RUE 0.89 0.91 0.84 0.83 0.86 0.87 0.87 092 086 055 0.88 0.83

¥IME
gt 12.41 9.78 10.84 2.95 4.88 8.41 8.48 0.02 017 021 17.82 8.02
L

/%
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9zh T A7 B PR BAE IR RUE 25 8] 70 A (AR R P #R < 1 58 (R 6) o« N S HAh P 7
MR FEVE FH X RUE 25 10] 70 A R AH G M B i, & RUE RO R I R+ BERCRE, 28 TAE FAH G EHE
B 4 ALy MG E . R AR E . BokE. Bk, RUE ZREFMXE, X 4
AN AT E BN ZERCR. BT SR AR, SR 12 NS R T S AR
TN MER S (R 60, JEHREBENANDHEE . JWENRE L&, JNANDEE. R e
SRR RUE BRI SRR . EIRE . SR SRR e B A A S RN 45 RERBLH X RUE 22 (8] 70 A1 47
FERFEZES, KMEWERL . SUAx RUE 2R 204 A S R A FE L. [FIBE, AR O A
B MRS SR, MEESROREE 8. NDEENRE S ™ EX RUE 282 A1
RVEHGr Hgom, MAR MR, MR NDHEEAAER AN Bk HER 4 X
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Tab.6 Power of each influencing factor to RUE in interactive

A X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 0.043

X2 0.106 0.019

X3 0.091 0.088 0.027

X4 0.106 0.086 0.093 0.025

X5 0.095 0.097 0.084 0.068 0.04

X6 0.091 0.096 0.073 0.086 0.085 0.032

X7 0.088 0.101 0.073 0.088 0.082 0.036 0.03

X8 0.087 0.057 0.069 0.044 0.062 0.081 0.08 0.006

X9 0.057 0.033 0.042 0.039 0.053 0.047 0.044 0.015 0.005

X10 0.085 0.067 0.074 0.066 0.086 0.088 0.084 0.027 0.028 0.012

X11 0.12 0.11 0.105 0.125 0.107 0.117 0.115 0.063 0.036 0.063 0.021
X12 0.106 0.063 0.081 0.107 0.106 0.09 0.091 0.077 0.044 0.076 0.112 0.031
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KR (PEEPEREE « Rl (REeX s (REEET ) - TWEREMAR (BT
IR Wil 2. BXRM 2D « ZHEIERMRATE OB (B kEEFH 2 XD ) o BRILIEK (X
BEBIIRE) X, £—8T. F -85, & 0 USRERBWVHEST, RUE HEARANL G
EPE AN R R ARG, BRI RER K. XA ZKIESH 99.85% A 25T Fiiiy
TnE] 86.07% AT FE hn 7 2] 81.23% A\ 2EF Ty b o &My B A B /K & 2> B8 ip ™ 2 73X S kb [X A
RIS . RHEEATRELTREX, KMl EseiBfHak (5 AFBE TE, E2/KEEE
VCRC T, DX R /K R 23 4 Re bl A Ak o R TR ZE K, MR RS 3ok, Tk, 34
o 7K B B YR SR X N IA RROEIME KR
4.3 BFIEN ( E ) TEERHELK RUE B3h ORI

EE S SIHFERMLE R, 4 DIKBHE RIS RUE 258 70 A R 1055 8 B 2R SR
R TAMBEHERRET ARG R RETHEAERER;, EXHEEMAT, RIWAKBEARERE>H
SRR > NGB R R SH B AR R &R fEAE SR R, WMERBEREAFELREES . UWH
HHE IR DA R A B — IR B A R S (R 0 A 6 RUE 28 (8] 20 A IR AR R 155, 15 NBIEsh N R L HAE
FH R X RUE 25 [] 43 A7 (9 AH & M (] S8 8 o

FAGHL X JE R0 5P A B A (R s S, REEE S TR PHYE, KBH S A2
T FE B3GR AR K, B OKPHEL IR, 4keRn, KBH S E M 2 A BTk . TERA S, BE
I FE RGN ORPH =y FE Mk . iR 5 w0, B3 B COA B A OKME (269319 , Z#EE RUE 1Y
R IX, SRR, K PH B A Al TSR AR 0 OK PR AR S Re st k2> o IR0k, 7R 12 ANIRSh IR T,
EIH 0.17%F1 0.02% 1 H /MG T G e T RIS UKD, B RE R R EE I H 0 X A
AIRES KRR, R B 5 DX AR X B A T AR A A R G AR S TR A AN I al bR o iR, BRI X R
WF . WAE 269~ 31 Y. 13.79~14.70 'C (2.95%) . 665.51~679.80 mm (10.84%) X1,
RUE 3 fhi 5y o (HJZ, WA R, HhA BN P NG s %, NOEEER, T
2.76~2.89 A km?, Bt &bk, A 17.82%. WFFt Xt & E R R X, 259 L E
R B AR (R Bk, il N TREgEp 7 et 7 RUE By . i 19 687.78~22 462.87
hm? fE MR FL (9.78%) . 0.57~0.59 MMM G X (12.41%) , Zitm RUE KIm XK IX . T
K, AECLIRUEY AR « PRI T A3 AR 9 2 S5 R AN T TR X3k, 02 VB T 2 A 05 1 DA AR
X, VPARESERE (B AT fvgdt (BEE AT X, PREMmmie@EE (BrE) LR
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5 #1¢

(1) i 17 a kK, FEXH X 4EFr RUE[0.03- (10a) 1]. #Z RUE[-0.06- (10a) 1. B =
RUE[0.07 - (10a) *]. #ZF RUE[0.03 - (10a) & EHARMIE . RUE FE-FfH KME HILTE 2016 4F
(1.89) , F/MAHILE 2005 FFFKZE (-0.27) . MM b, %4 RUE EHIRIE . KEK RUE 21k
R K, MR .

(2) 3ABFAIE b, RUE b iz 580K, B R Uk>E—RE>E— . 5 NDVI 1F[H
A N —F, W EEHX RUE 5 NDVI BE BRI FEE AR LGS, ddE AR 8 i 5
NESEESFEARANBRFEML. ANTTH 99.85%1 IN—86.07%H IN—81.23%% />
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(4) RUE #EH = EMEN: 26°~313E EF . 19 687.78~22 462.87 hm? [i& AR A4, 0.57~0.59
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