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Abstract: Drought has a far-reaching influence on global terrestrial ecosystems. There is a typical difference between dry
and wet areas, and a trend of a gradual increase in dry areas toward northeast China. This study was conducted to determine
the response of natural vegetation productivity to drought in northeast China. Using the data published by MODIS,
precipitation data, scPDSI, and statistical methods, characteristics of drought distribution and precipitation distribution in

northeast China ( including Heilongjiang Province, Jilin Province, Liaoning Province, and the eastern region of Inner
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Mongolia) were investigated and the spatio-temporal evolution law of NPP ( Net Primary Productivity), LAI ( Leaf Area
Index) , and CUE ( Carbon Use Efficiency) of natural vegetation were analyzed. The response of natural vegetation to
independent drought events and persistent drought were investigated based on the above research results. The results showed
that; (D From the average level in 2002—2013, the annual average of NPP and LAI of forests was significantly higher than
that of grasslands, and the annual average of CUE was slightly lower than that of grasslands; @ Forests and grasslands
responded to independent droughts by lowering NPP and LAI, which were significantly lower in the third year after the
drought than before, LAI was significantly higher in the second year after the drought year than before, and the change
lasted at least four years after the drought year. NPP and LAI of grassland had significant changes only in the year of
independent drought; @With the persistence of drought, the proportion of NPP in forests increased, and the increasing
likelihood of ALAIL,  in the forests with lower LAI was greater with the duration of drought. Grasslands also had a

ALAI and ACUE

Baseline
certain ability to be suitable for persistent drought, and the increasing likelihood of ANPP in

LAI and CUE

Dryn 2 Dryn Dryn

the grasslands with lower NPP was respectively greater with the duration of drought; @ The

Baseline » Baseline Baseline

level of CUE change in the forest or grassland was rarely significant, and the law of change was less significant than NPP
and LAI regardless of the independent drought event or the persistent drought. This study contributes to improving the

evaluation of the influence of drought on natural ecosystems.

Key Words: natural vegetation; drought; Leaf Area Index; Net Primary Productivity; Carbon Use Efficiency
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Fig.1 Natural Vegetation Distribution in Northeast China
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Fig.2 Scattergram of annual precipitation in Northeast China from 2002 to 2013
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Fig.3 Distribution of drought area and frequency in Northeast China from 2002 to 2013
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K, AE 550.00—1799.97 Z[H] ; R IELZUEF/ N L2 W TS 3 X NPPJ& 78 300.00—600.00 2Z [ 5 H1 P
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SRR 4e T UL B CUE AF P35 {H B B & T A0bR, (R AR R 145 F 19 CUE 4F P34 (E I 4F PR 22 S48
I BRARAEF-14 CUE 78 0.50—0.58 22 [f] , HEHI4EF-2) CUE 7£ 0.61—0.64 Z[8] . =S [8] 504 (& 4f) |, ZR b
X H ARA W CUE AR X (E A WA 25 18] 20 5 (B 5 LAL J0 A A Ta], PEFR R X A CUE # K, 78 0.70—1.10
Z ] EREL R X ) CUE JEH, 7E 0.50—0.80 Z 1], K242 /N2 FHE 1L Bk 46 K 25819 CUE /)
F0.60,
3.4 [ SRAE Rl ST T A e
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NPP LAL fil CUE WY&, LA T RIS L 4 K4 IEH AR S T 55T 197K 50 1 4R i AR PR B 1l NPP  LAL
Ml CUE MUK A,
3.4.1 ARG ST A SR A v
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FRAAY NPP  LAL F CUE “F-¥{H 2 [ 09 25 5, 85 R an 3k 1, M R B i i, 381 5 4F % AR NPP SE3(EHiC N
NPP,_, TRATHIK SN IE % AEZRAR NPP A9 R NPP,_, T R4EJG n ANKIYIEHAEZRM NPP (9 F- 2 (H

LA NPP_, 3 1 T ANPP 5 5M4EX B (9 KHe ( -20.34) 954 NPP 5 TR AT K 70 IEH 4R NPP Z 22,
ANPP 5F 558 1 AR AR IE H AR B AR (-9.70) A F 555 1 AN KA IE % 4F 5 1 55T A9 K 43 15 % 4F
NPP 225 R HABERTH Ry 1 LA e, 43 Frd 1 T 0L, NPP,_, F1 NPP_, ik T NPP_,  NPP_, & T
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Table 1 Mean values of NPP, LAI and CUE in forest before and after drought events

FRRR 1 FRRH 24 FRRR A FRR 4
i TRAR K3 IE AR K3 IE AR KRG IE A K IE AR
Index Drought year First normal year of Second normal year The third normal year The fourth normal year
moisture after drought of moisture after drought  of moisture after drought of moisture after drought
ANPP -20.34 -9.70 2.02 -68.47"" —-44.47""
ALAIL -0.01 0.03 0.13*" 0.07 0.10"*
ACUE 0.00 0.00 -0.02" -0.04"" -0.02

PR LR BT A BE 225, » o« NTP e B E 2SR, TR, ANPP ARG RIS A 7 J) 2 22 s ALAL: M1 AU B2 22 ; ACUE . ik A1)
sz 22
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Fig.4 Spatial distribution and interannual Changes of LAI, NPP and CUE of the nature vegetation in Northeast China
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Fig.5 Changes of NPP, Lai and cue in forest before and after drought year
NPP i« TRAEFT K 5355 140 1E 5 4R 19 NPP 5 LALy, e - T 545 B 09 7K 43 25 440 1E 5 45 19 LAL; CUE e« T 5 AF B9 7K 20 25 14 1F 8 45
i1y CUE

VLT K P L7, B0 PF( s NPP L35G, NPP,_, I NPP,_, 3575 NP, BAWI TS ok
NPP (SN 2E 7k 55 5 PEHC S 5 BRI, L ALAT Al ACUE #0754k, 10 T LAAS H LB ROZ506

*2 TEREEMHIEEM NPP.LAI T CUE FHE£ER
Table 2 Mean values of NPP, LAI and CUE in grasslands before and after drought events

e TR TR 14 FRIE 24
Index Drought year One year after the drought Two years after the drought
ANPP -22.34*" 63.14"" 37.77*"
ALAI -0.05"" 0.06 0.06
ACUE 0 0.02 0.01

RS R 5 AR R 4R 5 T R 3 & AR RS H s NPP LAT FI CUE BYZSARARAE & R, TR0k kA e
1 40 2 4Ef9 ANPP FI NPP, . ALAL 1 LAI, . ACUE HI CUE,, YJ¥%F & A 565 £ (sig>0.05) ,
H G — 2D EDE 1 5 AR 2 AR R et ™ A 5
3.5 AR RESE T TR A i
3.5.1  FRARGHREE T R R i

HERGE BRARAE & AR g T B3R m NPP  LAL F1 CUE A9Z8 4L MR, L) 0.2°0%0.2° K a] FE 4 B 2002—2013
AEARITH NPP LAL il CUE %2 5 50 B AGOC AT 25 R A, TH A TR R K 40 IE B4R 36 1 AT RAE 5
2ANTRAE oveee 5 5 AT AT AP IMAE, RS HEAS T R385 3 A5 B SPSS 19.0 K35 T F4F %4 454K
SEEME S K IE A Z 22 5 4503 3, Al UL B T R0 RS2, NPP S 8L 4 M R
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P (y =-6.55x+544.80,R*=0.762,sig. =0.023) , i .5 3 T RAEMEE 4 T 24EM) NPP H(E W &K Tk 43
IERAER NPP 34ME 55 5 DT RAE B2 0 Tk il 25 25 55 LAL Al CUE AR AEAE PR3 (B R R H#IE
AN (RS B EVERG S sig. 20518 0.096 F10.796) , 754N 4 AT SAEFES 5 T 54F LAI ¥ B E KT
IKAFIEHAF LAT 38948 ; T524F CUE S(E 5K IE WA A W25, ubnl 0L, Frse T 50 Bk T RENS %
FARBIFGE X FRFR Y NPP 1 LAL, {EXF CUE (9520 3F A %

R3 15 EHETELETZHEM NPP.LAIL #1 CUE F#1&

Table 3 Mean value of NPP, Lai and cue in forest during 1—5 years of persistent drought

- Ky SR AR IE R 1T R 92 AT RAR 93T RAE % 4T R 955 AT RAR
IEld Normal water Drought of the Drought of the Drought of the Drought of the Drought of the
fidex condition first year second year third year fourth year fifth year
NPP 543.38 523.04 530.55 51146~ 519.11" 503.70 %"
LAIT 1.71 1.70 1.76 1.66 1.60 " 1.63"
CUE 0.59 0.59 0.56 0.58 0.59 0.58

NPP . FHHE 54 A= 7 71, Net Primary Productivity ; LAL; TR FRFE %L, Leaf Area Index; CUE ;B FHZ% , Carbon Use Efficiency

ABIFSE S 2ok 1 P R MR o 1 05 125, MR TT /K- — 2L AR ST AR AR NPP (LAL #1 CUE 7EHFZE T
FUAREIK P IEWAEZ AR R FR . oK IR IE B AR ROTA B A NPP LAL Al CUE 7351329 NPPy .. LALy 0
I CUE e s FERITHE 1 AT B4R NPP LN NPP, L 5 2 AN IE N NPP,,, oo % n ANIE N NPP,
NPP, 5 NPP, .. Z %Ik ANPP,  LAI #l CUE Y445 730 NPP,

K6 Won TS RAET RS FEMZRM NPP LAL Ml CUE 57K IEHAEZ AR SE R, A Hr il WL, 22 fifi
FROTARAROG NPP A7 FTHG 0, 0 FLBH %5 T 500 RFS2, NPP 3 I 4% 00 L A R a4 {8 ANPP, 5
NPP, e ZIRIIF A 35 R ML R 5 ALAL,, >0 B9 L1 30 A W] A9 A8 fhta 34 B7ESE 1.2 4.5 4 T BA4F
ALAL, 5 LALy, ., Z EFFTE S R HUAR DG OE 3R (sig<0.001) ; ACUE,, >0 /1 LU A LB, FERHF 5 I B Py
AU B A AR 1 H. ACUE,,, 5 CUE,,,,, Z T BCA R F L MOC R, ] W, AR 58 X8 73 R bk i
NPP |LAI Fl CUE %52+ R ¥ HA —E WG FHRE ST, o LAL,,,,, BRAZRAR, 7EFFEE T 520 ALAL,, 380
FR AT REPEOR , (BAHIFSE oK & B NPP 1 CUE f77E MBI AY AR AL ML
3.5.2  BUHBRTHFLL T SRR A N

ST RESE T RAE R NPP  LAT Fll CUE “EYME M ARETT WL (3R 4) |5 AN FESE T 54 F L NPP P41 i 3%
T /K I3 IEH AR NPP BV I(E (B IF B0 B 1R 28T AR & AR 0 SR 8 i A2 A s T 4Ry LAL P2
EARAS /KA IEH AR T FLBRSE 3 AT 2409 LAL FIME 57K /0 IE % 4R LAL P30 35 25 40 Hofth T 2
AR 25 5 6 T CUE SR, BT 2 4F CUE 9 F3MH 5K 40 IE# 41 CUE ~F-3(E3 K 0 i 35 2
o AR UL Rl R A | S E R T R LA NPP FI LAT, (HXF HE M CUE B bR ™A i 2500

Fx4 15 EHETELMHTEN NPP.LAI #1 CUE F£i5{8

Table 4 Mean value of NPP, Lai and cue in grassland during 1—S5 years of persistent drought

o KT FEAFIEH BARTR B2 TR B3 AT AT R HsHETH
IEll Normal water Drought of the Drought of the Drought of the Drought of the Drought of the
ndex

e condition first year second year third year fourth year fifth year
NPP 217.69 195.35"" 177.08 ** 195.59 ** 197.66 ** 187.88 **
LAI 0.42 0.37"* 0.35"" 0.40 0.36 " 0.35""
CUE 0.62 0.62 0.61 0.59 0.62 0.61

MARTCKF B (1 7) S RRARARAL, B AR 28 T 52 2500 T iR B 82> NPP S AY LG, 1 14 45
TH 4 SFd e NPP SEINAY S LG LA IR S (BRI5S 5 AF H i SR s/, i 7 Bala
FRIBR T | AR A5 TR I 18] P SR 1 s PR A RE I X Rl N A SR TR 2 r s, T3 0h BRIFEEER 3 4F
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Fig.6 Changes of NPP, LAI and CUE in forest during 1—S5 years of persistent drought
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Fig.7 Changes of NPP, LAI and CUE in grasslands during 1—5 years of persistent drought
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