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The assessment on drought risk of Pinus tabulif ormis plantations in the Loess Plateau
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Abstract: In order to reveal the relationship betw een the radial grow th of Pinus tabulif ormis plantations and the drought in the
Loess Plateau, we took 30 sample plots of Pinus tabulif ormis in Wugqi, Zhidan, and Y anchuan counties as the research object,
and obtained the ground meteorological observation data of daily precipitation from 1961 to 2012 from 72 weather stations in
and around Loess Plateau. We took the number of consecutive days without effective precipitation as a drought index, analyzed
the correlation betw een drought types and different diameter classes of Pinus tabulif ormis plantation, and thus assessed the
drought risk of Pinus tabulif ormis plantations in the Loess Plateau. Results showed that: (1) The mild drought in the spring
and mild drought in the previous summer could inhibit the radial growth of Pinus tabulif ormis, and the latter had more inflr
ence on the radial growth of Pinustabulif ormis.(2) The greatest drought risk of Pinus tabulif ormis plantations in Loess Plat
eau was near the northwest border of the study area, where the plantations were under the most severe drought stress and there
fore was the most unstable. T he transition area between the sand area and the loess area to its south had the second highest
drought risk assessment index. Most of the other areas had a relatively low drought risk assessment index and relatively stable
Pinus tabulif ormis plant ations.
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Fig. 1 The location of the Loess Plateau
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Fig.2 The distribution of sam pling points
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1
Tab.1 The basic information of Pinus tabulif ormis plantation sample plots in semiarid loess area of Shaanxi
P I Y Gl B . BE . S W
Mol REHAGE S / em e ) ) i i 17) ©) s o B hm?) (%)

1 IR 7.7 28
LR AR 13 28

10809.987 3655.521 1429  [A¥ 24 Wk P i 4100 45.2

2 SR 8 24

10809.972  3655.534 1447 ¥ 32 Wk I BRI 3900 46
2 AR 13 29
3TPHA 7220 23 , )
10809.960 3655.538 1438 AL 29 WLk 2 i 4500 38
3RAAR 13.8 27
4 PR 7.9 22 , ,
10809.960 3655.538 1438 AL 20 bk L G 3 600 35
4RHAR 16. 4 26
5P 7.49 23 , ,
o 10809.960 3655.538 1438 B3 19 kb 2 gl 4300 37
S SRR 11.5 22
i
1= 6 IR 9.3 / ,
10809.937 3655.564 1418 [ 21 s 4 2900 52
6 RHAAR 15.25 23
7 AR 10. 8 27 , , .
10809.942  3655.571 1410 B 23 Y ik 4 2500 30
7 PRAK 16 28
8§ THA 850 27 , )
10809.950 3655.580 1404 Bk 22 Hip L G 3 800 39
8 AN 15.5 29
9 FHIA 9.52 22 ,
10810.036 3655.613 1367 FIAH 44 PR Vg 2 400 28
9 fR#AAK 15.74 26
10°F39A 9.6 22 )
10810.037 3655.629 1368 [ 42 WK Vs 4800 39
10 LB AR 14.47 26
1A 7.31 8 )
10£31.047 3655.620 1317 ¥k 40 Pk VA 7 600 22
1RHA  10.52 11
12 A 813/ ) )
- 10829.022 3642.668 1240 P 41 B Ak 2500 39
12 AR 14.2 19
13 PR 7.9 18 , ,
10829.022 3642.668 1253 [ 42 WK Vg 2200 41
13fRAAR 13.35 17
14 IR 8.7 17 , , )
10829.779 3642.629 1257 EPHIK 41 PR B it 2400 38
14 Rk 15.3 19
15 3R 9.81 17 , )
. 10829.793°  3642.629 1250 EEIH 49 HUK pasie 2200 32
A ISHRHA  14.81 21
H 16 F#AR  11.81 17 , 5 .
10827.800 3641.546 1214  BFI 40 PR i 900 10
16 fLEAAR 19.9 21
17°F8AR 1234 20 , )
10827.863  3641.499 1209 Bk 46 WK i) 1200 44
17 Rk 18.11 19
18Pk 20.1 37 , :
10852.935 3635.963 1604 [ 7 ¥k L G 1700 85
18 Ak 28.84 36
19°FA 1971 36 ,
10852.950 3635.957 1601 [k 28 MWL VA 1 400 80
19 LA 29.82 34
20 FIgA 2039 33 , )
10852.967 3635.948 1608 Bl 12 ik 2 i 1500 79
20 fRAAR 25.06 35
20k 105 / ,
Al - 11013.360 3649.717 817 Wi 35 Yk blagid 3200 82
B 20RO 1531 23
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1

Tab.1 The basic information of Pinus tabulif ormis plantation sample plots in semiarid loess area of Shaanxi (8EFK)
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o LSS /em /a ©) ) /m wH (°) R i [(Fk* hm?) (%)
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116014.230 3649. 878 772 FHH 44 g i 1300 50
28 fR#AA 16. 4 30
29 PR 173 28 , )
- 116 14.223  3649. 862 763 FA 3k 47 Yk blagid 4000 92
29 fREAAR 20.84 26
30°FHAR 1676 29 , ,
116014.202  3649. 871 761 B3 29 MK VA 3 600 67
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Tab.2 Number of consecutive days without precipitation

and drought grades
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HFFBH-5H) 15~30 31~ 50 51~ 75 > 75
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Fig.3 The radial growth process of average Pinus tabulif ormis in
(a) Wuqi, (b) Zhidan, and( ¢) Y anchuan
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Fig.4 The radial growth process of dominant Pinus tabulif ormis
in(a) Wuqi, (b) Zhidan, and( ¢) Y anchuan
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Tab.3 The correlation coefficient between radial growth of average and dominant Pinus tabulif or mis and

frequency of different drought types in the same year

AN AT R Flg 5 R HHER HHE R Hig 5 Hp g ESES G
Pearson #C1E - 0.082% - 0.020  0.098* -0.024  -0.055 - 0.006 0. 059 0.016
RE2EN (XU 0. 040 0.616 0.015 0.552 0.173 0.874 0. 141 0. 699
N 623 623 623 623 623 623 623 623
Pearson #KH - 0.084% - 0.017 0. 069 0.003 - 0.047  -0.048 0.029 - 0.030
A 2R 0. 025 0. 658 0.068 0. 943 0.215 0.205 0.443 0.433
N 709 709 709 709 709 709 709 709
4
Tab.4 The correlation coefficient between radial growth of average and dominant Pinus tabulif ormis and
frequency of different drought types in the previous year
AR 2] HAICTE R g 5 5 HHER BT Hig 5 Hip R R G
Pearson MM - 0.108* *  0.052 - 0.015 0. 042 - 0.031 0. 002 0.105** 0.131%*
RESFN 2 M (U 0. 007 0. 196 0.718 0.298 0.436 0. 966 0. 009 0. 001
N 62 622 622 622 623 623 623 623
Pearson fA2CHE - 0.137"*  0.091" 0.031 0.081* - 0.026 0.023 0. 086 0. 082"
IR 2 M (U) 0. 000 0.016 0.413 0. 031 0.492 0.538 0.022 0.030
N 708 708 708 708 709 709 709 709
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Fig. 5 The distribution of drought risk index of

Pinus tabulif ormis in the Loess Plateau(mild drought in spring)
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Fig. 6 The distribution of drought risk index of

Pinus tabulif ormis in the Loess Plateau (mild drought in sum mer)

e EAFEEFRESN - FEFRERE

OB, P B i AR AL T RV 45 L,
e (a0 An DLB 7. H TR, KRS i R e )
X5 3T — 2 g RAUUE R IR AL, Rt
X5 PP, XS 36 Ko A FF R 5 2+ 4
B R AUE B4R O 0L, 3 At DXOXURHE B/

7 ( )
Fig.7 The distribution of drought risk index of

Pinus tabulif ormis n the Loess Plateau(sum of mild drought)

A VAR FER (EPHEFNGE) | F 30 AN FEH
FARRI XSGR, SR il S i 72 AN Gk
196 1- 2012 R0 IS G505 H FE/KOU I TR}, 1% BUE
S AR EN HEAE AT R85, A+ B8
B ARG e N TARAH I, 1 xS 28 4 5
TS N TART Rab A7 ) PE A, 32 Eah 0 k.

() ARBRG MR E A K S Y EFEER A
R FENAR KR, Gl —FE TR FAAER R E
FA GK R, Y GEHZE, g —F B 25 240 il
AR A, HAT— 225 B 5 oK.

(2) s N AR5 XU B K ) X 5 30 3 4
R PAL A Ak, R N TR 52 31 -5 e 5™
H, mARE. WXEZE XWX P E X,
HFA N T AT BRSP4 X F R
BV AT 2/, A N TR 52 XU i, HAsse

PERL i
(References):

[1] IPCC: Climate Change 2007: Im pacts, Adaptation and Vulner
ability. Contribution of Working Group II to the Fourth As
sessment Report of the Intergovernmental Panel on Climate
Change, edited by: Parry, M. L., Canziani, O. F., Palutikof, J.
P.,van der Linden, P.J., and Hanson, C. E., Cambridge Unr
versity Press, Cambridge, UK, 976 pp, 2007.

[2] Kz, FER, BEE, 55 0 g KA 35 B o U fi

MREHEW -+ 185 ¢



FI5H RE 93 M mAAES ARFK 2017 F12 A

[3]

[4]

[9]

[10]

[11]

A AL BN J] . KRR EER, 2009, 20(2): 153-158. (ZHANG
JY,WANG G Q,HE R M, et al. Variation trends of runoffs in
the M ddle Yellow River basin and its re sponse to climate
change[ J]. Advances in Water Science, 2009, 20( 2) : 153 158.
(in Chinese)) DOE 10. 3321/j. issn: 1001-6791. 2009. 02.
001.
Wi, ik, 25 o2, 55 SURARAL T K ST 3 44848 T
BEFCRE BT . KR 238, 2011, 22(2): 279286. (YANG T,
LU GH,LI H H,et al. Advances in the study of projection of
climate change impacts on hydrological extremes| J]. Advances
in Water Science, 2011,22(2):279-286. (in Chinese) ) DOT:
CNKI: 32 1309/ P. 20110313. 2241. 028.
EN, AR, gk &4 SRR 1961 FF- 2010 AR 3
5 BEKAR RSS2 HT 01, Rk 5 KR R, 2014, 12
(1): 6. (WANG G, YAN D H, ZHANG D D, et al. Trend
analysis of vanations in extreme precipitation and temperature
in the Hai River Basin from 1961 to 2010[ J]. Soutkr to North
W ater Transfers and Water Science & Technology, 2014, 12
(1): F6.(in Chinese)) DOI: 10. 3724/SP. J. 1201. 2014.
01001.
LRI, BT, w880, 5. AR ARG MR 1 ) AR A % 1
MR J]. A 2 4R, 2012, 32( 12): 3859 3865. (JIANG Q B,
ZHAO X H, GAO L S, et al. Growth response to climate in
Chinese pine as a function of tree diameter[ J]. Acta Ecologica
Sinica. 2012, 32( 12) : 3859 3865. (in Chinese)) DOT: 10. 5846/
stxb201109091323.
JEERAE, £ 2 WORERTE 5 AR BT RO /TS R
[J]. PR 4], 2004, 24(2) : 345351. (FAN W Y, WANG
X A. Advances in studies on the relationships between tree
ring width and climatic factors[ J]. Acta Bot. Boreal .- Occid ent.
Sin. 2004, 24(2) : 345 351. (in Chinese)) DOL: 10. 3321/ . issn:
1000- 4025. 2004. 02. (28.
CARRER M, NOLA P, MOTTA R, Urbinati C. Contrasting
tree ring growth to climate responses of Abies alba toward the
southern limit of its distribution area[ J]. Oikos, 2010, 119:
1515 1525. DOT: 10. 1111/ j. 1606 0706. 2010. 18293. x.
ZHANG Q B,HEBDA R J. Variation in radial growth patterns
of Pseudotsuga menziesiion the central coast of British Colunr
bia, Canada[ J]. Can J For Res, 2004, 34: 1946-1954. DOT: 10.
1139/ x04- 078
WANG T,REN H, MA K. Climatic signals in tree ring of Picea
schrenkiana along an altitudinal gradient in the central Tians
han Mountains, northwestern China[ J]. Trees Struct Funct,
2005, 19: 736 742. DOI: 10. 1007/ s 00468 005 0003 9.
YU D,WANG G G,DAI L, et al. Dendroclimatic analysis of
Betula ermanii forests at their upper limit of distribution in
Changbai Mountain, Northeast China[J]. For Ecol Manage,
2007, 240: 105 113. DOT: 10. 1016/ j. foreco. 2006. 12. 014.
Wil i, 2Rk, 2o, 46 VR I D0 Vb R AR R 45 R xR
AR [ T] . T R X #FA, 2015, 32(1): 8687. (CHEN J
J,LIG T, QIN Y, et al. Response of treering structure of uk
mus pumla var. sabulosa to climate change in the Otindag

Sand Land[ J]. Arid Zone Research, 2015, 32( 1): 80 87. (in

186 = W5 &Kt

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chinese) ) DOI: 10. 13866/ j.azr. 2015. 01. 12.

S, EWEN, POE. T [ R B R RO B R
AR IR [ D). MU BERF AT, 2006, 25 (1) : 43-52. (WU P,
WANG L L, HUANG L. A preliminary study on the tree
ring sensitivity to climate change of five endemic conifer spe
cies in China[J]. Geographical Research, 2006, 25 ( 1) : 43
52.(in Chinese) ) DOI: 10.3321/j. issn: 1000-0585. 2006.
01.006.

R AR, S 2T, 200X, 45 AUEIE A6 5 F 3 v R R
i 2 AR RRAE 0] TR X 5T, 2013,30(4) : 705-711. (HU N
N, YAN J P, LT S S, et al. Spatiotemporal evolution of
drought and flood in the Loess Plateau under climate drying
warming[ J]. Arid Zone Research, 2013, 30(4):705 711. (in
Chinese) ) DOI: 10. 13866/ j.azr. 2013. 04. 014.

BORR, AR, B, A DDA A TR PR AN A G X
AR R T . Mol BE 22, 2006, 42(7): 78 82. (HUANG R
F, ZHAOY K, LV JX, et al. Response of ring width and ring
density of platycladus orientalis to climate change in Beijing
[J]. Scientia silvae sinicae, 2006, 42(7): 78 82. (in Chinese))
DOI: 10. 3321/ j. issn: 1001- 7488. 2006. 07. 014.

FRPELR, T 3T, RIHELL. AL5T ihAs RARMR RN AR FeoR 2R
PRI S AR T SRR T . R MRl R (1 RE 2
fix) , 2016, 40(5): 177-183. ( CHENG Z H, DING K Y,
LIU Y H. Relationship between arborous layer productivity
and climatic factors in Pinus tabuliformis natural forests and
plantations in Beijing[ J] . Journal of Nanjing Forestry U niver
sity ( Natural Sciences Edition), 2016, 40(5) : 177-183. (in
Chinese) ) DOI: 10. 3969/j. issn. 1000-2006. 2016. 05.
028.

F2EF, K, koe e, 4. I 30 AR PRI TR T gt AL
OB b % v kA AR 1A R KRR WA [ T BT R RS A,
2016, 27( 12): 1-13. ( BAI X P, CHANG Y X, ZHANG X
L, et al. Impacts of rapid warming on radial growth of L arix
gmelinii on two typical micro-topographies in the recent 30
years[ J] . Chinese Journal of Applied Ecology, 2016, 27
(12): 1-13. (in Chinese) ) DOI: 10. 13287/j. 100} 9332.
201612.036.

T, ARG, XSCEE, K AL RBOR R A i e
Te A KT M 3 A R e L )L A ) A A 2 R, 20116, 40
(1):2435. (YU J, XU Q Q, LIU W H, et al Response of
radial growth to climate change for Larix olgensis along an at
titudinal gradient on the eastern slope of Changbai Mountain,
Northeast China[ J| . Chinese Journal of Plant Ecology, 2016,
40(1): 2435. ( in Chinese)) DOI: 10. 17521/ cjpe. 2015.
0216.

BORGAONKAR H P,G B PANT, K R KUMAR. Treering
chronologies from western Himalaya and their dendroclimatic
potential[ J]. International Association of Wood Anatomists,
1999, 20: 295 309. DOL: 10. 1163/22941932 90000692. .
AKKEMIK. Dendroclimatology of umbrella pine (Pinus pine
L.) inIstanbul, Turkey[ J]. T ree Ring Bulletin, 2000, 56: 17
20.

(T#% 195 W)



RAME « A A Z AR T AR AME R

[24]

[25]

[26]

ods for water resources management| Z].2013. (in Chinese))
e N RRIEAT KA B8, TR LAk e PR i Arfk & (X
1T)[ Z].2005 (Ministry of Water Resources of the People/ s
Republic of China, Evaluation index system of water saving
society construction (for Trial Implementation)[Z].2005. (in
Chinese))

rh A N R L AN [ 2 53, o A N RGN [ 5K R R A 5 B2
B g T ERCHT K BT H 4R 5 2% 4% A0 K B3 Tl
2 M ARAENE HI[ Z] . 2006 (Ministry of Construction of Peo
plé s Republic of China, National Development and Reform
Commission of People s Republic of China, Notice on issuing
the measures for the declaration and assessment of water sav-
ing cities and the assessment standards for water saving cities
[Z].2006. (in Chinese))

PO, KA TR B 2 WRCR T PEAT ST D] . B 50
K2, 2007. (HONG J. Research on the effect evaluation of
water saving and conservation society in Zhangye[ D]. Namr

jing: Hohai University, 2007. (in Chinese))

[27]

[28]

[29]

[30]

gz, AR ST R MR KK BRI REL ] .t S
%, 2011(2): 20-21. (ZHANG Y,ZHUANG G D. Imple
menting a powerful management system of water resources
[J] . World Environment, 20 11( 2): 20-21. ( n Chinese))
FoHm AR AT ™ R K BE R B A B B R R R IR ] W
KA 5K FIRHL, 2013(1): 3438.(ZUO Q T,LI K R. Dis
cussion on theoretical system of the strictest water resources
management system[ J]. South to North Water Transfers and
Water Science & Technology, 2013(1): 3438. (in Chinese))
DOI: 10. 3724/ sp. j. 1201. 2013. 01034.

2014 H E KB JE AR M ). b5 E KR K R,
2015. (2014 China water resources bulletin[ M ]. Beijing: Chr
na Water Conservancy and Hydropower Press, 2015 ( in Chr
nese))

b TR S R S - T B (AP Sl E T = R 7
2015. ( Statistical yearbook of urban water supply[ M] . Ber
jing: China U rban Water Supply Association,2015. (in Chr

nese) )

(L% 186 M)

[20]

[21]

[22]

[23]

M AKINEN H,P NOJD & K MIELIKA inen. Climatic signal
in annual growth variation in damaged and healthy stands of
Norway spruce ( Picea abies (L) Karst.) in south Finland
[J]. Trees, 2001, 15: 177-185. DOI: 10. 1007/ s004680100089.
SZEICZ ] M,G M M DONALD. A 936 year ring width chro-
nology from moisture sensitive white spruce ( Picea glauca
Moench) in the northwestern Canada | J]. The Holocene,
1996, 6: 345 351. DOI: 10. 1177/ 095968369600600309.
CARITAT A, E GUTIERREZ, M M OLINAS. Influence of
weather on cork ring width[ J]. Tree Physiology, 2000, 20:
893-900.

LIANG EY,X M SHAO,Y X HU, et al. Dendroclimatic e
valuation of climate growth relationships of Meyer spruce

(Picea meyeri) on a sandy substrate in semt arid grassland,

[24]

[25]

[26]

north China[ J]. Trees, 2001, 15: 23¢:235. DOI: 10. 1007/
s004680100097.

RIGF, ks R A, 55 Wb B b SR R R R SO 1 AR
MRIM]. JE 5T B2 R AL, 2012: 35 44, (ZHU Q K, ZHANG
Y, ZHAO L L, et al. Nearly natural vegetation restoration and
afforestation on the Loess Plateau of northern shaanxi[ M].
Beijing: Science press. , 2012: 35 44. (in Chinese) )

SL 424- 2008, 7K & 5 15 55 Jbr #E[ S]. 2008. (SL 424-

2008 of the peoplé s republic of China, ministry of water re
sources drought rating standard[ S]. (in Chinese))

T2V flibr AE(BUAT) [S]. B Bl b2 e dh i A%,
2006. (Drought assessment standard( trial) [ S]. The State
Flood Control and Drought Relief Headquarters Office, 2006.

(in Chinese))

MREHEW » 195 ¢





