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Climate change, human activity and water resources issues in
loess hilly areas in Pingliang

TAN Hongbing' , JIN Ben', WANG Ruoan’, ZHANG Yudong', LIU Zihao'
(1. School of Earth Sciences and Engineering, Hohai University, Nanjing 210098 , China;
2. Pingliang Meteorology Bureau of Gansu Province, Pingliang 744000, China)

Abstract: Based on data from meteorological records during 1951 to 2014 and field observations, this paper
statistically analyzed the variation of precipitation and temperature over past 60 years and prospected their
discernible overall trends. With the global warming, the average temperature in annual, summer and winter half
year has been going up in the recent 20 years. The average temperature has been risen of 1.2°C since 1997,
compared to 40 years ago. In contrast, besides the amount of precipitation in winter half year has the trend of
decrease, the amount of annual total precipitation is inclined to show about 7-year of long periodic and 2-year of
short periodic oscillations rather than a linear trend. Under the temperature rising while precipitation stable, and
intensive of human activities, in particular, the development of large-scale of returning farmland to forests program,
the soil moisture and groundwater will possibly continue decreasing. Finally, human living and ecological recovery
will be affected by scarce of water resources in the hilly areas of the Loess Plateau. Thus, it is a long and key
project to scientifically plan the farmland, fallow farmland, forest, grassland and trees ( grass) species selection,
forest density, etc. according to topography and geomorphology during the returning farmland to forests program in

gully and hilly region in loess plateau.

Key words: climate change; Loess Plateau; human activities; eco-environment; water resources; Pingliang

HEWH  FRKARPHEAES (41271041)
EH AN L (1972—) , 5 B9 5, EENE MRS 7= R 5K UK SRS, E-mail: tan815@ sina. com

. 45 .



TSR AE B A LA PG 5 4 i D g 1 e 7 A%
7 FE K SCH T % 50 AR R B, 3T 20 224 E R K
JitE IR ABRA R T AR LIR854 5 i AR SR A S kA
TR M AR R R L b K IR A
RO B2 VR E S KR TR A PYE8 L XGR
BEAM K LR EE, = AR A SRR S A E
BEU BRI 7E R ERAME AR5 SR SIS
POCEAER R R AR AE AT A K 5 R o &
JEARFRSE T BN R B AR D RS R Y —
S B 7GR LA B A 25 AR5 [ Tt AS 3 [m] 3k
EAFRAMFIY , #  m JL XOH X 52 Bk i 2
WA ANE . KIEIRRRAE KoK G R P AR 2
B AP T TR 2R R 5 K B R A G A S
IR R et 78 7S L XTG4
S A R B, B B AR X R R B 2
KL, B4 BR N L1 AN L 438 A Bl T
V288 28 SE R )] 18 PR T I Bl T B B b
ML X R K FH R K BAE 20 2450 K 2T 4R
A O W 7~ w190 N S 5T M 9 =3
B A MR KK AL R BRI R FE AR
AR R G, 23 1] RE S M BBl | X I 5
AL T B AR 25 D A O X S R AR R 2 18
WE, 254 FELL 1951 4F LI 5 L X 0 SR A L
WK G BHE R Fa i, 45 G 3 A7 R 7E BT 4 i J /K 3¢
Hi BTG R 2R SR A B e SR L DX R
TRABACRFAE , PN H 34 ik — 2R e S AR L A
FIE SR 50 R, i b S R R L B AR X
V2 K G IR RS, SRy 1L X 8 At 25 R R
AR RS

1 BAESSESFTLFE

1.1 BEKEZETUHFE

T AL TS # L X, PR X R R T 4 2
IRV, ARG e A ] LA R B AR B
JE PGS L XA R, AN SR 45 G 1) LA K AR e R
SR TRk T RAEE RS, B 1951 4
HERERRIAC TR LK, A B AR K i
800 mm 9 5 & V0 I ARy, WA RN T
200 mm [ T RSEAFEL , REFAE O N T e 52
T EAEREZ (7],

1951 FELISK | 75 285 110 i DX A B K f AN TR 449y B
SR A K AR Ak, (HL RS (1] e 471 RUAE 25 4 56 4 A
SR B E R RS R HEA
T 0, ZAEFEIK A3 A R X LA 3 9 1 I o 498 o s
INE A A LT UY 1951—2014 AFRAERE K1
{H(502. 4 mm) ZKP-PREEAAR GEF-FAT TAE G A2 bR

- 46 -

1) A 1 TR AR 14 JE A 1 D s RAE (L 1)
S Bl i) ] 7 5 B AR, KB AE AR E S 1
(I 3l , SRR SEEE B -F- v] ARG 5 ~ 10 4R A2 f
R R K WA AF R O A RE R BT IKT 1951—
2014 AEREIK & A AAAE — 8 JE AT AR Ak, 33k B AR (]
J7 5 JET BT 0 BT A, DA IR 56 TIE — S 450 58 A 7K
AR TR PR S < ORI RS R SR T JE ST 3
P BERRAE N GETT AT 2 A o, DA 2% A
(K 2)F ,TEM% £=0. 08 ~0. 14 Z[a] P15 Y 55
W Fe 9 B3 A5 = 0. 14, XF R R 7= 1/f=
7. 14 a, NFESE (B 1) F 805207 DLAr 3 T 230
F 7 a ZEA7 R IR i B K (B, BRaxX — K A 4h,
£ f=0. 438 Abif A — A8 W X[ T=2.28 a, %]
SRR KRR LR AR K2 2 a A IR R B, 3%
AT 8 7K A A P 11 0 A R 7 A8 R R Al P 75 51
BAE(E 1), W TAEREKSZ 3 T 2 R ARR K
FPARRE K BT 2 B 45 R 5 A K 3 — 3 A
PR MU A PRI TR, XE DL E R 1R
S AR AR JEI

—o— AEREK = EPAERK
---- R KA L y=-0.062 5x+626.37

e KPR

800 1 oo R*=0.000 1

2000
2005
2010
2015

e T T T = = R = S}

E1 FxiiK 1951—2014 F£i8E BEE(4—9 AR
ZAE(10 BEXRES B) BBKETH L

W A
——

% EEAEx10°
[\

002 007 016 025 034 043 052

B2 1951—2014 FERFHEKEHEIREZE
WAL 1951—2014 4 [ 7K - 34 {H (502. 4 mm)
HZHR,20 28 50 AR RS T R4y, X 1954
F 1956 40 W E R AR, 20 el 60 AR K
Bk 1963 4F 1965 4F 1969 4EAk, FeA — AR F5 5 =
IOV, BV S TR AR AR B B, & 2 60 ZAF LK



T R 2 e K 1 I TR BB, )2 1964 4F (1966 4
SR KT 700 mm,, 20 H42 70 EACHT 1975
AERE KRR, B3 5 T 24 E K HABARE
REMLTFEMEAT Rl 70 A0 B LA 1 R
IK R AR KO ;80 AEACHYET 5 4R K & A
PREEAN ) 2 1981 4F 1983 o B E IR AEDY, 5 5
AR NIRRT ZFEFHEAT, BIRE T T2 B,
90 AFAR S BUARXHR I B BE A 5 AR T
E K, Horb 1990 4E (1996 4F 8 W iE4E, 21 it
LOWIRE K RN, R 2 2001 4 F] 2003 A R5LE 3
AT B E KO, SR JE M 2004 4 TF I — H 3
2009 4F, [EK & — EAR T 2453408, It 2008 45
Z AR W B v SRR K RSP A s 8/
BT BRI, 2010 AEFFUR A FROK B A R
PR A B A FE R 2013 4E ik F] 1951 4ELISKES
ZACSE i KB AKAE, BB /K i3k 776 mm, H I,
I b e JUAEGEORE, W I Sk 4 R 7K B 1) T S B
W sl s vl N AT DL 22

MZ AT RER AR R, T8 1 5
A Z XS, AR R K R B4 p T 12 4E H I
1951 4F DI PAR B K 352k 5 AR K a3+ 41
— 3, B 1] 350 JE T sl A S A b e B SRR KA
FEARAL IR N 7 a 12 a 247, SAERRK AR
FRAESE 22— 3, RIAE K B2 9 T R ARRRK
BCPEARRROK A RK S 70% DL L, 20 LK
FEARKT 80% LU I, MHIHLZ T, & FMK LA
R L /N, (EAE R T 20 ZAELORA
R K3 45570, BR 2004 4F 2008 4F K 2012 4F- W 1=
TZARFHEAN AR AR T8, HAEXT T
it 40 ZAEG B s, BT 2013 AE &
1951 4F DIk o FE K, {0 24 B AR B K S J1 T3 2R 1R
/N, HA 28 mm , ANFAE B K A 4%
1.2 |ESFETHIFE

1951—2014 AFARF-38 AP AR S 7 APBARF 3R
RIEOLANE 3 Frs (B KFZh 1951—2014 4
PIEZR) . AT R R B sh AR Ak, SOl e
ERHIER H 1997 LR R B3F BT Rk
FIsF [ 7 8] % I P A S 1) A 22 A e A R DG e, XL
A5t Pearson FHICHEAM T2 76 B A5 B 0. 01 (ML
) K- i A OG A OC R %R 0. 664, LA H
LRRRT OIS E R =0.44) , ZWSR LT
P 1997 A Z AT, AR EAA A E A8,
ABRDEIUA TR, AR TE 1951—2014 4F3X
64 AP IEAKE-Z T o 7E 1997 4EZHI VI 40 4F
i) , A2 % e AR R 1953 4E 0 9. 6°C, Hifli k&2
BAE /N T ZAEFHIME 9. 0°C . {HARIT 20 4ELISE

SR A T 24P EKF, K25 T 10.0C,
He i AR 2013 4F3A 10.9°C, H 1997 4F 2 Hif
B SR ARGy (1953 4F) 81 1.3°C, 1997—2014
AEZAR R 9. 9°C, HE 1951—1996 4F L4 -4
fH(8.7°C) 1 1.2°C

e SRR —— BRI AR ----- KA
20 ¢
e SAVALEA VA VAN A Vi
15 } ¥=0.02x-29.56
R*=0.44
10 | o
itz y=0.03x-41.09
o5t R>=0.44
»=0.03x-57.98 .
R2=032 19974ELLK
P e Bl e w6 &S v
w w O O - o~ o0 o0 N N (=) (=3 — —
()] AN O (o)) [e)) (o)) (e} (e} (=) oS O (=)
—————————— [g\] o o o

3 19512014 £RE B EREFETEY
SRTU LRGSR

AR BIE I 221 AR R B, AN E
AR AR R A AR SO, # S AR R
AT B M O 2R R T 20 AR LR
() A2 SR T AR IR A AR LR A
AR b, A 1997 4EE 4 B R ARR
(17.7°C) ARAE SR (2. 09C) L2 i 40 Z4E
HEAE (16.6°C) & FB{H (0.7°C) 73 91 &
1. ICAHI1.3%C, F34b, Bt 20 Z4E LIk 2248
Kb BB AR T 0C s E F 0C £ 4
(£0.5°C) W34 2=, H Z 1 1951 4F | 1955 4F
1967—1968 4F 1977 4F 1985 4 1993—1994 4F Kk
AT 10 a 2247 TR 5 ) B4 2 4F Bk 25 (IR AF
(0CEFEIT 0C)

2 AEEF

S i A B 4 - v D LR ) 11 b e B - T AR
X, DART RN 28 B/, ARTG s 2 Dol h &,
H AR R AR OGR4 0, ST 4E, FR S B
i 20 ZAELOR  FEA T A S EE 2R TRIER
B A, RO B S R E R A
R BT R s LR A (+) F— R 5
NGB I X FAEE N T 2S Ap i g e, Hep iR
B MR [ 52 A e L X A AR5 T S 14 e R 2
PRBUR , F SOMEIZBOR LK 2 2007 4, (X B
SRR HHAR 20. 48 T7 hm? | FRAKET 25441 1979
4ERY 8. 5% M AN FE] 17.98% 1), S IX 2005 4F

<47 -



Mo T AL S 28.69% , 1 2009 4F B EL B O &
37.69% (FRHEHE k& E - M A ¥Rt . JF HAR
i 24 M BURFLRI , A5 AR K i3 IR B R R TR AT
ARZEI0NE . F AT DL 1 Dl DX R B A AR TR Y S
Jite A AR b A 1 L X A 7 A

SR BRI AR TR AR AT £L 28 0K o — A
VG B, o AR HE K A PR TR AR AR AR 1Y)
B HE TR, BFAMAE & B, BB TT B 1Y BE Y Hh
HATEAERC R 6 H K 19 b 3 b 7 1R 22 3t 3k
X TR, DAL T 381 9/ Ji BB A =z ) 2 - 4 Yy A
M., H AT, F o XK B B m AR e s
24.47 J7 hm, AR ALY 60. 7% ), X — Ak
TR , B R M e T X sl T M SR 4 A

Bk T PRFER it A N 200 sl AR A IRt T
BRI AN LXK 20 Z24F LSk R AW 2 4%
K TRARARMT R, KBCRIZE TR, 805 I 1L
Ker KFRAEZ  Betit 55 | 3 B0 X sl JRy i A= A
IREE = A T 3R, T ELIX b & 8 S 1
MELLERAR Bt SR T AL R AR AT R R R I IX
W 2 1 i BRI AR T B 4 v [ SRR Sl A B A
TR TP B X Bl 0 AR i 583 194 A2 AR PR 77 A AN
FIFE ] | — 2 X ol i A A AT il AN R A 5 SR )
TAKBEE, A REANHEPTEREZE, T KR
I TR BRI R R T, 5 B B TR TG
JEH KA R,

ST 22, B AR B A o J PG 3 P B VA AR IX 4528
FKFAEN TG S IEAE X 1L XA [ SRR B A 520
St 0 A BT A A (5 e A AR —TE R 2
AN — TS24 F (B 30 W 7T 5 R 2 UL DA 1)
R,

3 XESETHEEINSKEIRE@E

3.1 XESETHERTN

EERF AT R, 20 22K 2 BRF-R
& EFT0.74°C, R EKAE R B 20 a5
R R T B T S N | SRS i 1] DU - s SRR
B SR DI B v D X R
133222 7 a NTHE T 5.5 ~7.7°C, e Rh 4 AL I A
— ISR T A R 2 ~ 4 A, MO IX
SGCHETRIRT , BARXE LSRR 1 R i <R
A HEEE 20 4F DOk AR B3 LTS 2RkAr
% R I A — B S AN B 20 AER ARSI R E
i A 40 ZFEMAR RGBT 1C, X EE LS
JRAT NG TR B AR — 3, X PR AR 1R
ARG EGE, H—4F DU 2= SRR L 2 24 A0 N
A BT, A ARG IR B TR X AR AE

1980 4F- Z Hij Pt i X A = A 1 (5 i il 5 L AR R
TR AL B IGE 20 4F DR A ZEE 6 WK T B
E DL L DX K AR BRBOA A R4

SR KA EL , fill 20 4EAIR G B3 BT
AR YRR K BRI B ka3 (HGT 20 ARA AR
Rk 5500 T RAFmRN X &R, BT+
o R AR K A Bl K 5o £ & FHE T REAS
FIF I X R KR = BB S, H 2010 4ELLE
Tl DX R K S T — ELAERS N, R 2013 AR K
T it % 64 FHRZ 2014 ERR BFOKEIF AL,
89 AR JLIR SR mIEK , 102014 459 H Sk &
ik 205 mm, 2 Hb G 58 SR IA K R K ST AR S m . (H
JERT AR KR SE ORI, 8 iy JE AR 2 [
SPGB B AR AT A TR
v DA R K R B AR S AR ek D R A (R
By R AR S R BCHR e 3 S M b X T 64
(RSN T 1 Py e TNE - 3 i ) [ 8 =S i )
R RSB D B ARG B T A
] TAER 1 7 a ZE 47 KRR 2 a A2 47 6 JE A I 7K
Bl , Rk 2000—2003 41 28 Iy 80  FE K i, 1 S5 A
iof— B 2 A K A I A1 AT e K B B B (2004—
2009 4F) ,{H 2010 4F XFF 46 b F+,2013 4F 28 ) S ot
REK . 2015 4F 9 A%, &4 M2 4 MH R
i (BN ZRHF AN A ok B, 2015 4F A E LUK 15
JUEE P T R — EAREE R 9 L
DATRO AR B BT AR e R e AR
KA A AT RE IR R K T R A TR R Bl
ZPAR B THR AL Bl g H AR R K BN
PRGN w8 RS gk B R DL R M AN
SATHEIMAE S B0 MR E 2014 4F A9 TERE i XEH 2
X MR R AR 7 2 KR 2 a 20 E Y
Beoh, Hid KB R e R P AR i — S, Y
SR, WA I X AR AR S R X Fh b TR 2k
AR 3 — 25 R R R A A R S - B R
JCAEWE , T e ) AR R AR S ARV, AR B 2 R0
SRS, X Bl 2 8 e DV S DX [ K ) A
I AT BE2 N i , 4 ) 2 B =K K AT T B 2 U
b BB,
3.2 EBEHKEIRREZ

H DL 1 1951—2014 4E S G 5088 K& 2 3RAE L 7%
BEATHT AT, P2 2 v D e L Fe B T i 20 4 LA
KA LT AR 5, AR R K & AR
A D BB R S B St 2
60 ZAECRFE AL AR fb JE . AH R, S BT 4F Rl
S L DX RIS SIC it 3R B A AR 3k 77 A B A A s 1
DIk, NG ST LU DX A A5 SR 858 e Jon 1 i Jr R A 1Y)



SN T ELRZ DR AN m] ke S TS 7 R , G - 3 T
AR, I XTI R 22 Wit , RN g v | L3R
AU P25 () AT AN 7 I i) e A oK, — 2
DXttt T KK T B, 5K b B B )R
SEARNE ARSI A, HE T 22 AR AR i v i
S TAE B EF S WSS IR T K 4% 28 B0 GOk A, 2
BN, E H R AR A A AL AR S 4
PEET B b s I X GO S
IKA KR R L
3.2.1 RXBAKBARGEE

P e SRy L DO T BRGR BB AR A6 T
AL A AR AR A ZROK b R BRI A RO D T
TR G IN T RIEEK DGR T AR A A
R AKEOR  BALTT FBK T AN R TR 7, PR DX
A BRI R KR 21 ) 2% 6 2 B 26 ) R SR
IKIFFATE I .3 EIHESE T, A8 TR
b 7 A R T AR A A R 52 ) R K T AR ke A
5 AU S K - 3R Kb 5 B 23 B T 2, PRk
IR Bl B 7K PRl 0 S8 23 0] DK A 7 AR AN
[FIRERE A | Be 2 S AR AR B3R, 3 )=
FHMARLE KIS R AR AR ™
S, UK, IR S IR UL MOR RS 2 oA
A ESCAL XK PP ERE K X TR AR AR A
KA S XA XM AT BE B, BROR ZE HIUA K P
Z ) , A L T REATI AR 2 LA B /KR BT 23 ] 2] 3
T 5 ELX 2 g IR AR e e st X, BV AROR Z8 iUk
PR 22 KR A R TR B A B PR LA R K A A
JH ARMEAE A5/ ) DXl A S B 62  8 5 2800, ]
DU it ZEMAK TR s 3 A1 A A ] RECAE X
SR RS, Ll A T 25 1 B v R ER L
b AZ 5 ) Hb 3 2% 47T M LA il T AR RO B v 3
fii

TEA RS, LR RO K 5 A 3R]
YERIRER TR N T 2 AE R SRk —
FEAEI AR A 5 Z AR B AR Al 1 R A
A IR A B AR P S AR K S AR
AT — TP APIRAS , RIEK 2 b T — Rl X £
TEARAS  AHIE 20 4F LA L DX AT AR BRI K
NN AR 5 4 A SR AR v i DL SR, S5 3T J5
A BIRE K AR, N2 RDEAFE T i
IR ARG FERE K, B 2 B KR 4 1 kb
URPZID B T2 OF 8] 2 5 e 3 R
IKHNG o BB A 7S B L A7 KT BB B AR X
PEATIRAT | R A TR o R TRE A A AR
HOEIRWAE 10 Z4E)5 78 2 ~ 3m H 2 F IR AL
B AR S KRR AL, RIS 221 2013 4R

SRR R K R A HE LLTE BR A B T2 S B0
ARARARILAS 2 | AR 2 25 e 3%
JEA + 7 Bl AR A S 8 T2 B, BT ARk
g KRR

H AT U0, SRR RS A A A AT AR
(g — 1, (EAF IE ARG . JEARESK, Jiang 2670 K 4%
W12 T7 a LORGRAE MRS 1 5%, B UE M 2 o
SR A R SRR A A R A SRR
MHR X SE— ISR AR [, (HAR 4 3 A1 T
YRGS A P A5 1, 37 s A 1) XS IR 2 1 4
FrKR B E R T AR, PR, ¥ R Ll X A
AT SRk b AR A A A BT R FK A 20 R & R
R AR 100 A 7 AR A An TRk 2 A EEA K]
BEH KB MR | Rt DL AR R ARG B R
R () T MROR 3% B AR 02 4 5 R 2T
(R TRABE, 75 T, A B SRR AL T R K AN i
B WK IE A IRBHE A TRE LS4 TR
i RIS 25 PR B 200 25 0 1T I IR 5 1, S b B R R
B, 58 42 AT AR B — 6 5 S BB 1) 42 it i A5 1B Bk A
MR, an—2eA4: K 5218, oK AR, K 1
RIFHGE A T A T2 -2 T 2 10 O, B H AT —
SE T 2 TR BT | HE R PR AR K R A R A
SREBABIAM . DY SE SRR A S K 10X
TCHEWRACF T T FH o 28 B AR S SR AR o 25 K3
FEl AT A B 1 R K 8 AN T JLAR S S_ R i 2
PR ZE FET-E A KON KBRS i 3 B Rl AR /DN T
FURKI 7 I, SR/ R A K B A, = s, 5i4h,
— BEEAAE RN 0 R Bk b 1 5 AKOR B i T A
W TEAHE, WSS AN,
AR S RBE ML | bl AR AR b 25 [a] B A1, 22 1 4
TR AR IR IR £
3.2.2 L RXAKRFREELE M

ST B A D L XK T BGR BEA AR B
A AT AL P 25 A X ek A B
AT BRI ST, SRS XK IR L 45
FEA TN, AR 20 AR B TR K
WA B EIGIN, H BAORAA W RERD R 1L IX
IR AT EAR O, EH WAL AR
Ll AV A9 85 - Fr b A BT 20 AR RTLFra Bk
B 2 BRARAT SR ) AP 3 B AT R 1 X
B A 5 Al T 1) T B K B IR {HAT 20 4FER 46
PN 2 GRS DU R N A RT3 e ¥ P | I o
AR DA ALK 4 S G LB )T e L R
Tl TS /INAT 20 {22 70—80 AEARHIE A H AEME R
K, BRAE BRI 5 A LT e, e 2 R 29T
B #kHh R Q0 g 28 1 S A R e XA VR T K



], AR e A A 3 B ekt 3, O FLIT 20 4R
AR AR T o A2 R 02 (0 3 5% 1L 7K s S A% 9 B
BT o AN, NI R 2 R K AR K, 2
O LUAE A7 1 BRI, V2 LA 10 248 00K
FEURUE L, 1 T 7KK L Z R A
Ly DX A FH A 7 2 R K R D A 1 2 B
R 2R (HAE 85 D, - ORI/ 7 5
I I 2E SR, T KA A Y e LY
MR, AERE/KHAE 1951—2014 4E BOREEN, {H &
IR B E W BB ETHER I RS
BT O AN BN K A W] S, 32
1o b T A A 5 B S R I A P ik i [ e =
SEIR L DX b 7K 9% 15 /b A 3T 20
AELIOK B IED, ST 20 AR LSRN TR - 7
P RASRARXT R, PRk, Ak T30 A9+ 3 7 %
Al K A AR il T RE 2 1L DX ] T L M R KoK
B N RFSCRIE TR A R R A BRI
BRI/ INZE iR 2 Ak R S SRR T, TR - 1K
NS B D | T R R B R K AN T
A PR 2 A4 9K SO T T R 1 B A B
B TR SRR Z R OK AR, K
LN N IR M R KRN TR AR s 3 45 ol
Wy WM B (A ) ki Y L
B ATAE (45 5 $Gm 1 A B AR 22
B AR FRR FH 18 | 7 B - S5 it A K
Mo RAE T Ll XK T R A B Y A SR AN S
KA BR B MO AR b ol A 2% 1 4 i
SR, FE S T R R KAy (R B K A AR
R, HL K B4 e B Z 2 R 7R I ik B B, DA
1117 P 422 bk AL 1 Xof bl R K B 4 X i, B T
R KANA B RN, (L X2 Ak £
VR T RE SRR HEH AN 45 2 R LA K, — B TR K
ok /D>l HE I SR T T3 I 1 SR, T
DTN S R0 a2/ b L o 71 ) A7 s N N & 22
FHR , U8/ 0 4 Bk VR Fob A DU 2 B 2 38 m b T K R 25
B AR g TR — S T Q1 T S T 3
T/ D  BRLL BRSNS K EE kR K
TS A R,
UEAFA R 58 KRR S it AR IO, S Dt X R
fiff g m ke £ At 238 [ ok /K TR B E 16 92
POK TRE EIKIER A AR K R 3, BRI LX)
B R EE  J2 SR OK B KR, R K AR R AR
AKUE, HOKAE AL B 7K ¢ 5 et A8 AL i S s L
WIVEA TR gE W, 5 S A WA A LD, A T g
WG AN KR IR AR A R, SR I
A H |, BEK AT 38 1o J5 )2 B A AR RN £ 45 L
. 50 .

DCHL R ARATSSRAFAEAR R, AR B TR K
FHARIEIN  AZETE S W g B, nl AL B+
e BRI X HBER K M 7K SRR 2 A BRI A
AR, B E SR WA

4 & &

a. VIt R A AR X 20 4R LR AR
VR R AR A AR 8 SRR AT AR B Y BT
FERANE S R e SR A P AR o oY ) S ol
R H BRI B, i AR T AEAE T a 2 AR
AR 2 a 2o AR A B0

b. S5AUMREAEALRT I, T 20 4F LR N2 3 %t
DI AR SIS SR b T 1 355 T A SN T ],
NN B L A ORI 2

c. “UMRBAE LT K I AR, 1B B LAk
S N PR TS W A B8 3, $ab o Xtk
PR A FE I, AT 3200 XK T K 5T
TR R BE IR K SHOIR B0 AT RE R IAF A . IR BB R
X L DX % AR A FR B B (1 AN MR R (AR DG TE A
Pl

SENW:

[ 1] ZHANG Fu,XING Zisheng, HERB W R et al. Assessment
of effects of two runoff control engineering practices on soil
water and plant growth for afforestation in a semi-arid area
after 10 years[ J]. Ecological Engineering,2014,64; 430-
442.

[ 2 ] CHEN Feng, YUAN Yujiang,ZHANG Ruibo,et al. A tree-
ring based drought reconstruction ( AD 1760 -2010) for
the Loess Plateau and its possible driving mechanisms
[J]. Global and Planetary Change,2014,122; 82-88.

[ 3] SUN Changfeng, MA Yongyong. Effects of non-linear
temperature and precipitation trends on Loess Plateau
droughts [ J ]. Quaternary International, 2015, 372; 175-
179.

[ 4] RmRL B 3 b U SR E 1], T
BIX 5T, 2005,22 (1):116-119. ( ZHOU Xiaohong,
ZHAO Jingbo. Climatic change and vegetation restoration
on the Loess Plateau[ J]. Arid Zone Research, 200522
(1):116-119. (in Chinese) )

[ 3] WhEHE AN, TR, 5. B b el 5 U™
TR G pR AR AL B IR R[], 5 XA F 5
2005,23(2):202-208. (YAO Yubi, LI Youhui, WANG
Yirong, et al. Effects of the climate and climatic
productivity in the Loess Plateau of China on global change
[J]. Agriculture Research in the Arid Areas, 2005, 23
(2):202-20. (in Chinese) )

[ 6] LA, T 50 410 - mp J5a AR X Al Al e K A2 1k



oM (1], LRAL L F, 2009, 37 (35) : 17564-
17566. ( WANG Ruoan. Analysis of the past 50 years’
change trend of temperature and precipitation in Pingliang
Gully region of Loess Plateau [ J]. Journal of Anhui
Agriculture Science, 2009, 37 (35) ; 17564-17566. ( in
Chinese) )

ZRERT , T BRI TOU, 25 B0 g SRR il 2 G 13K
PR RE (1], K R RFERT S, 2013,20 (1)
287-293. ( LI Haifang, WEI Wei, CHEN Liding, et al.

Progress in the study of soil water balance under forest and

[7

[

grassland covers on the Loess Plateau[ J]. Research of Soil

and Water Conservation, 2013, 20 (1) . 287-293. (in

Chinese) )

FERR . VG ST IR M DR B R TR SR 2 R R 4

[J]. Hr 4l ,2007 (8) : 66-68. ( DOU Juntao. Future

development of Program to Return Farmland to Forests in

Western China[ J ]. Gansu Agreulture, 2007 (8) : 66-68.

(in Chinese) )

[ 9 ] FB2EZE -t At e i o0 A 585 [ 1] Al
i 5 15 B, 2015 (4): 2728. ( ZHENG Xuejun.

[8

[

Observation on construction of terraces in Pingliang area
[J]. Information of Agricultural Science and Technology,
2015(4) ; 27-28. (in Chinese) )

[10] ZHAI P M, PAN X H. Trends in temperature extremes
during 1951-1999 in China[ J]. Geophys Res Lett,2003,
30(17) : 1913-1916.

[11] YOU Q,KANG S, AGUILAR E, et al. Changes in daily
climate extremes in the eastern and central Tibetan Plateau
during 1961 -2005 [ J]. Journal of Geophysical Research
Atmospheres ,2008,113(7) :1639-1647.

[12] ROBERT A E,CAMILLE R,JONATHAN L M, et al. High

regional climate sensitivity over continental China

constrained by glacial-recent changes in temperature and
the hydrological cycle [ J ]. Proceedings of the National

Academy of Sciences,2013,110 (22) .8813-8818.

[13] HUANG J Z,TAN H B, WANG R A, et al. Hydrogen and

[

oxygen isotopic analysis of perennial meteoric water in
northwestern Chinal[ J ]. Journal of China Hydrology,2015 ,
35 (1) 3340.

SRIY B A RRAUAL T B g A I i e
40 AFI AR AR AL R AE 0 M (U] T 5 KBRS PR 0
2008,22 (9): 4348. (YUAN Sufen, TANG Haiping.

Variations of the climatic characteristics in the past 40

[14

[

years of Jinghe River Basin, Loess Plateau of Chinal J].
Journal of Arid Land Resources And Environment,2008,
22(9) : 4-48. (in Chinese) )

[15] PSR, w3 , 0. 3 s R TR b 141
BRI L], EK AR R, 1995 (5) ¢ 11-14.
(HOU Qingchun, HAN Baolian, HAN Shifeng. Primary

discussion on the dry layer in human woodlands in the

[16]

[17

[

[18]

[19]

(20]

[21]

(22]

[23]

[24]

Loess Plateau [ J ]. of Soil

Conservation,1995(5) ; 11-14. (in Chinese) )
TG RLT S T AR, B 1L R B A N
oK E M m)]. B¥EEAR S TR’ 2015,15
(9): 11-14. ( WEN Xiawei, TAN Hongbing, HUANG

Jinzhong, et al. Effects of typical land-cover types on soil

Research and Water

water movement in the loess hilly areas [ J ]. Science
Technology and Engineering, 2015, 15 (9) . 11-14. (in
Chinese) )

A SR AL, . T R B e B XA [R] A
BT LR BETE RS [ )], A BL 2 05T
2007,28 (1): 76-79. ( MA Fei, ZHANG Yahong, XIE
Yingzhong. Progress of the soil moisture under different
vegetation condition in semi-arid hill area of Loess Plateau
[J]. Journal of Agricultural Sciences,2007,8(1) : 76-79.
(in Chinese) )

HUANG PANG  Zhonghe.

groundwater recharge following land-use change using

Tianming, Estimating
chloride mass balance of soil profiles: a case study at
Guyuan and Xifeng in the Loess Plateau of China[J].
Hydrogeology Journal ,2011,19. 177-186.

GATES J B,SCANLON B R,MU X M, et al. Impacts of
soil conservation on groundwater recharge in the semi-arid
Loess Plateau,China[ J ]. Hydrogeology Journal ,2011,19;
865-875.

JIANG Wenying, CHENG Yufen, YANG Xiaoxiao, et al.
Chinese Loess Plateau vegetation since the last glacial
maximum and its implications for vegetation restoration
[J]. Journal of Applied Ecology,2013,50(2) : 440-448.
JIA Yuhua,SHAO Mingan. Dynamics of deep soil moisture
in response to vegetational restoration on the Loess Plateau
of China[ J]. Journal of Hydrology,2014,519; 523-531.
TAN Hongbing, WEN Xiawei, RAO Wenbo, et al. Seasonal
variation of stable isotopes in a precipitation-groundwater
system: implications for determining the mechanism of
groundwater recharge in high mountain-hills of the Loess
Plateau, China [ J ]. Processes, 2015,
accepted.

TR, A W) IR B 108 K A b g AL B 15
JKARME[T]. B3, 1983,29 (5) ; 418-428. ( YAN
Taibai, WANG Degian.

Hydrological

Recharge mechanism and

characteristics of loess aquifers in Luochuan Loess Plateau
[J]. Geological Review, 1983,29 (5). 418428. (in
Chinese) )
YASUDA H, BERNDTSSON R, HINOKIDANI O, et al.
The impact of plant water uptake and recharge on
groundwater level at a site in the Loess Plateau of China
[J]. Hydrogeology Research,2013,44 . 106-116.

(ks Hi1.2015-09 -23 4. Bk )

- 51 -



