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Dynamics of above-ground net primary production and its response
to climate change in the Hunshandake sand
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Abstract: Using pasture observation data in an ecological meteorological field trial observatory in Duolun County during the
period from 2004-2018, model parameters were initialized, model applicability was successfully tested, and the dynamic
changes in simulated above-ground net primary production (ANPP), during 1961-2018, were studied in the Hunshandake
sand. Model correction and validation results showed that the R’ for the comparison of observed and simulated above-ground
biomass was 0.78, slope b was 1.04, P was less than 0.01, the root mean square error was 25.23 g-m72 and the ratio of the
absolute mean error was 45.76%. The model test results indicated that the CENTURY model can simulate dynamic changes
in above-ground biomass in the Hunshandake sand. The climatic variations since 1961 in this study area were analyzed in

this paper. The results indicated that the annual average temperature and extreme annual maximum temperature had an
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obvious increasing trend; the rates of increase were 0.4 C-(10 a)fl and 0.3 C-(10 a)71 respectively. Annual and growing

seasonal precipitation and ANPP did not show significant tendency of variation. Factor analyses showed that increasing

temperature was the main characteristic of effect of climate change in sand. Pearson correlation analysis indicated that ANPP

was highly significantly correlated with the main growing season precipitation and extreme annual maximum temperature,

which were critical meteorological factors affecting ANPP in the Hunshandake sand.

Keywords: CENTURY model; ANPP; above-ground biomass; parameter initialization; model verification; factorial

analysis; correlation analysis

Corresponding author: ZHANG Cunhou E-mail: zhangcunhou2004@163.com

P58ty B MR o G 7 B AR AR S B B
R B 3R B A A S W B A A S S R
B o VERBIR TV ARy N 52 R ) B A
gy, FRR R M B A B e 7 HE A SR RAE
B T3R5 MM B 2B S R AR e, XA EAR
A AN SR B SR 2% X IR 5 R 5 X
ALk vb B R EE Y A —, R 5 K
B TR E A X, HASHERT AN K R 2
2 R AR RN B2 € AR TR AR A I G, T
HRXRRB| A XA ST AESP AR KR

ZAS B TV 5 R 50 Vb b i we o, BRI 2R
PB4 180 km, A 57 i 1 [X B 2 4 5 A 25 B i ) 40
FSCHS 43, A2 3R b 77 i Y R A AR R i AT, T
BN (7 v I w: W | DA R (b o S T TR SR A= B
Wtk 5D, MR eFHE T = dupiR T
MRS E Y 1570 7 %N B N~ E 9 R S 2 D i
S22 AT WEBUR, X% X A S 5 ik
FIARRAEH

Mo b ¥ 4T 2% A 77 )1 (aboveground net primary
production, ANPP) /& RIEAEBT R Re ) — 4 H
T AR, IR R P Th R I TR
TER . & EZEET & B MR @ T LR
B 2 A 7= 774 BB ALy 1% G BL Miami. Memorial
F1 Thomthwaite 152 5! 5 AR I SRAHICBI AL, D
Monteith. Heimann. Prince fl Ruimy 25 1% % 1) 6 6
FIF 457, L Daisy. NCSOIL. RothC. SOMM. AVIM
A SiB2 FE AR M T R RS TE
Ze iy, A AR, T RO TSRO B L
0 S, A DL RS B TS RGKE
ff) CENTURY #5284 i T B AR 240 5 T 3R A AR
RSN S, e E NI 2 P A RS e 56
FEAREN T2 T, ol i P T A A A A 0 A

WA= Jys L MUK IR . 3L 42k, CENTURY
R e py 5 2 R U N b v R B R R
XU 2 2 fh b 25 RGEHEAT T 0E B MR VR4, S A
Up &5 B, SR X TV S5 08 T Vb MR A 2R T AT K
7 BRI T AR X D, A F T B AVE Al VD A
Pl XIS AR AR i B . DR Ok, AR EEME K E
A 2T CENTURY #5AY %) Py 58 ot & i b B\ R A
RO E - 2 oA (D R I A TN Rt
T I TORE, XA S B AT I AR 10 AR Hb A A&
VT, BT AR AR M 3t 5 K b [R]85 o 0 ) %
K, X CENTURY #5175 v 36 3 50 vb Hhdk 4738 F 44
6 36, 97 e 52 W ANPP 1) 5 8 SR K 1 KA [R] I B
B 7K 7 07 ANPPAT) s ik, B 4000 25 58 4RV Gk v
Hi ANPP X /i A5 4k B ik 72, A i & A0 VT Al VE
IR I MR B A IR RL S5, AR
T o T o E G 7 v MR B B A e R AR B ) g ST R
L RS

L BRHS 5%

L1 #REXER

Z A B A SR S AL T P 5 S, VR
I TV bl v, MU EE AL E 42°11° N, 116°28' E, 4K
12454 mo W F0 XA R R T i o T B
T VI 3 Y P SR R i M A, SR IYIR N 2.5 °C, R
B% K 8 M 376.0 mm, EF35 KA 3.5 ms 5 FEFH
KM H50~70 d, F R TE AL R B iR 22 8
Ko JIBTIR 5, 4E1 H IR %009 3 035.7 he WEAL
X 18 #) UL 2 ¥ (Leymus chinensis)s ¥ % (Artemisia
frigida)- 7 IREFSE (Stipa krylovii) Flw¥E 5. (Melilotoides
ruthenica) % 3 EP. WM 4 A AR, 9 A
NAAFIEAK, AN 150~160 do 3R
BLDLEEE L Wbt B oA, pH A 6.2,

http://cykx.1zu.edu.cn


mailto:zhangcunhou2004@163.com
mailto:zhangcunhou2004@163.com

%1 2 XA

S5 VR IE ST Vb MM b IO 0 B A Bt B AR AL I 8

1.2 HRFGE
1.2.1 dE Rk

R 216 B R R A SR MM 5 2004-2018
4 H —8 A vb i A K ZRE 7 B e R R
SR AT . IRBNAR Y 5 R G o M BT 7R LI K
L AR R H IR E L KR A 26 A
BHAZBELRATZRERZRHENIEN
Mt .+ S BORIE T 2018 4F 8 H B 4 A BURE
AP EASE S LRI, AR E RSN S %
N 5 Tl R T 4 R, H At S Bk VR TR 1
U AR 5 s k™ Y b 2 O i R
45 58 12 2 X Ja), SRR VLR I 45 SR 5 s
o UL AL 3647 [0 VA K B 7 o

WF 5% X 4t 357 30, REh B AL B F, M 2004 4E
FE 46 147 5 M AR A UL, U P 2 3 A R
APy SEA A R DL R R E
S, WA R KRR 1 IR R B
B 5 R AR NI 1 vk, B B A AR A
28 HHEATI E . BEAR T HA N 1 m’, 4 REH,
FLARRE T R 55 M T A B S, R Rl R 4 B N A
£, ARSI E 65 C M 24 h Ja, M E A
B MU Hh o AR B TR RS G, AR R
B AN A TR SRR A

1.2.2 RSV

T S I8 I g AR S A AL, AR A site.wth AR
B S, R — b A A IS AT 3R 40 3 A K s R
Wt 70 X A LA 55 k), 58 OB B R site.sch B[] 8 ST A4
I, LR AR P IR T ARG 158 10k AR K 1) i
W B R B it A5 SR S5 I8 4T file100.exe T H
W FL X ST 33, 1847 18 4000 418 - 1 H LR
ik BT RS s B Ja LI A SR S T IRAE NI UG
A, DL bR R AP Ik En A AL, 43 31 1961-2018
B M ARG . BT AR X A
B2, T U, WA R i R TS RO T IR
Ao RS HARMA. VIIEAES B WER 1. K 2 frdl.
1.2.3 CENTURY A& A4S 56 5 7%

SR 2 1813 R 2 7 J7 AR AE (RMSE) -
g nf 1 7 tLiR 22 (MAPD) 3 FffE e i) -0 Tk . B
AW

(1) Ze [

Y=aX+b.,
WA Y ABERE, X AWINE, a IRFER, b AHEE;
PRSP R N a=1,b=0, H 5 2, 1[4
TR a @B 1 b kBT T 0, BRI AR AT

(2) RMSE:

0.5
1 n
RMSE=|~ 3" (Pi~ Q,-)Z} :
i=1

Tl AXKGEEERIDHSRSH

Table 1 Meteorological parameters of the Hunshandake sand in Inner Mongolia

Al Bk Moy JOKWIE [ JERHERE Sundard  PRIRICUR TR Lk
Month precipitation/cm ewness of dev1athn§ fo.r monthly Average monthlgf min Average monthl}of
precipitation/cm precipitation/cm temperature/ C max temperature/ C

1/ Jan. 0.1842 2.117 8 02350 —22.7920 —10.106 0
2F Feb. 0.278 0 1.2759 0.288 8 —-19.7100 —5.5240
3H Mar. 0.782 8 3.9397 0.963 4 —11.4500 23840
4F] Apr. 1.5240 2.197 3 1.400 9 —2.406 0 12.174 0
5H May 2.9530 0.926 6 1.701 4 4.074 0 19.526 0
6H Jun. 6.0372 0.8723 27590 9.3020 23.5100
7H Jul. 10.381 4 0.166 9 43799 13.074 0 25.426 0
8H Aug. 8.798 2 1.2124 4.772 1 11.1420 23.900 0
9H Sep. 43288 0.766 9 2.296 0 43500 18.962 0
10/ Oct. 1.6720 1.1422 1.1913 —2.9320 11.4500
115 Nov. 0.5050 1.6118 0.478 8 —-11.8120 09120
12H Dec. 0.1520 1.678 1 0.1317 —19.436 0 —7.498 0
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Table 2 Initial parameters of CENTURY model

£ %% Parameter {H Value

fEE Rt B Explanation

WH9TEE S Parameters of site

sitlat 42.183 4i ¥ Latitude

sitlng 116.427 2 ¥ Longitude

sand 0.614 P ki & Fraction of sand

silt 0.238 ¥pib & & Fraction of silt

clay 0.148 A RiF & Fraction of clay

rock 0 A RiF & Fraction of clay

bulkd 1.42 3% 5 Bulk density of soil

nlayer 4 +JZ JE Number of soil layers

nlaypg 3 TR X 5 ¥ Number of soil layers for plant root
pH 6.2 3% pH pH of soil

ESFFHASE Input nutrition parametes

LB LR K B0 RS 2 B E Intercept value for determining the effect of annual

YR8 S ZE B 3R AR A 1 338 ] U5 M [T #E L Intercept value for determining the effect of

epnfa(1) 0.051 precipitation on atmospheric N fixation
epnfa(2) 0.069 #H# Slope value

epnfs(1) 30.12 /)N AET{H Minimum AET value
epnfs(2) 0.012

annual evapotranspiration on non-symbiotic soil N fixation

FHEYE KN EEREFE S Temperature parameters controlling plant growth
LT B AE B A 7 71 R B Coefficient for calculating potential above-ground monthly

prx(1) 0.35 production/(g-m )
ppdf(1) 26.10 I IE A KR Optimum temperature for production/C
ppdf(2) 36.00 A KR ¥ Maximum temperature for production/C
DA A A A R ) 1 11 25 (M 928 24 Left curve shape for parameterization to simulate
ppdf(3) 1.10 temperature effect on growth/C
R REL A A= A L P8 v . A 5282 3 Right curve shape for parameterization to simulate
ppdf(4) 2.80 temperature effect on growth/C
(3) MAPD: FEARR BN 58, W RN ANPP. fEFE K& F-F 1Y
100 < |P; - Qi GBS 8 =R N S G B & [ R T INKEEY /78 -4
MAPD = — —Ly . e . ‘ N
240 5 Ui 47 S R U 47 AT 434

XA PABIE, QNMIMME; i (=1,2, -, n) A
19612018 = H 4 7 5 o
124 BAEGF ik

I SPSS 13.0 4t it 43 #r B A, R FH B 1 23 it
5, R 5 M VA 35 0 v b M AR A 1) 5 0 A
179725, ¥ MR MR R M A R — 28 vp, g — 2R
BRE-AEARLGN, AR T, B FRAZ
TN ALE T REM B ERAEMERLR, H
PR UGS 75 N LR T 2 A AR SG K R o Wi A

WG S22 H IR 70 R 547 B iR 11 432
BT 0. N T EE— 5 T A R I BURE K
Xf ANPP [ 5T R 2, 3 [ K 2 #E 47 70 Begi i, K 26
MG T 5 ANPP BEAT M 5% 70 A, 6l B i ik HY 5

i ANPP ) ¢ 88 S R Ko
2 AR50

2.1 RERIE
I H 2004-2018 4= 2 16 B A= 25 S 5 00 I 0 440 5
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0.01) (K 1), g5 R TR, Hh A= FBRE S W
{2 [A1ff) RMSE 4 25.23 g'm , MAPD y 45.76%. #
TRy 06 4 SR 3 B, AE Y A ¥ 38 0K T Vb b L BT
BEANAE 17, R AR A B A KT, T H S
K ) CENTURY BB 5, B4PL25 2 v] DL 32 1 .
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4 34.6 mm, F&7K BB D, 7 HE I 30 C )
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AR e 4 A 1 3K — S A o A S I O A A v
B T R K SR H e S B T AR I s
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H T S B A VE B A e v U E 56 AN FE 7 M B
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400 vz
y=1.04x —23.60 0 © e
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Figure 1 Comparison of simulated and observed biomass

values in the Hunshandake sand

——— F{E Simulated value

), L L
- > = > = > = > = >
RIS g™
T T Vv Vv O O > > ® ®
oSO O O o o o o o 9o
oS O O O O O O O o O
[ I o\ I o B o N o\ NN o IR oN BN o\ BENN o BN N

i 1] Time/(YYYY-MM)

2 20042018 FEEZ AT ibih FEMEMNIT TR

Figure 2

2.2 SIETICHHE
WE A X AR 3R S 00 B &%, Bt
HAEH B (P<001), WK E N 04 C(10a)
B KAE L ELAE 1998 4, 4.3 °C, B/ME HHLLE 1967
L1969 1 1985 &5, #£°8 0.9 C, BEFEWE EEK
AETE 20 20 90 SEAR; 5 PR OK B AR Br Rl sh iR,
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Dynamic changes in aboveground biomass in the Hunshandake sand from 2004 to 2018

25 S8 AEIF A IX AE PR K BB A AR B E, AN
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N 2552 mm. {E 58 £EH1, 46.6% A (K EAK T 7
P, o 19992012 4E 1], 4E B K B bW & &
BEA KR [ K & A bRk 2 B L, o 20 4D 90 4
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Figure 3 Variation trends in mean temperature, annual precipitation, annual extreme maximum temperature, and

main growing season precipitation in the Hunshandake sand from 1961 to 2018
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ANPP 4 [ [8] 17 75 B 2 % 2, K5 ) /2 1989-2000 4
H1 20082013 4F 1 [ 38 211 46C K o ANPP 4 A48 4¢, 1]
2, Wi &S E EAERKF KRR ML, P
20 tH 42 90 4E A% ANPP 2 K, 5 S 3{H 33.5 gm
2001-2010 ££ ANPP /s, (& T FHME 18.2g'm . 58 4F
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FEBEAT DR 7 43 M I, 5 0 AR B 22 1) 10 AH o6
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Figure 4 Variation trends of ANPP in the
Hunshandake sand from 1961 to 2018
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JBIEYD B AR R R 4 (A L, PRI VD b I
FHAS RS A5 AZ AL Ry mi) SR A B 48 A5 7] DR 47 1
BRIEIM 11 MR,
2.4.2  HROHT

Pearson 2% 70 T S 7, AR BAE KRR OKE
(r=0.723) SEBFKE (r=0.711). 7 HB&E/KE (r=0.499).
6 A B /K& (r=0.340) 5 ANPP {7 7E M) & 25 1E AH 5%
K F M B U (r = —0.409) 5 ANPP 2 ) &
EAMA KRR R, FAHIEE (r = 0.309) -1 35 A
SR (r=0259) 5 ANPP & #)k & #F IEMH KK R,
ANPP 5 E—49 H —12 ABK. 481 H -3 A%
K8 H =9 HBEKF T3 41 3 B AU
S W B IR SRR R L SE H IR R
DA R 45~ 35 G 3 AN AFAE S5 3 AR SR R &R (GR 4).

I3 TR, A M g g v R G AR AR K B A
SRR, R R A K A B 3 R, B 2T B
ANPP T [, 5l A e Bt 32 B AR KR 1 i
FRBLEAE NS VRGN . KK
5 G W e S R B T ANPP 4 s 9 3 (1) 32 22
KEHF -

R 3 OEERSERE

Table 3 Rotated component matrix”

%43 Component

AR & Variable
1 2 3
SEF$5S R Annual mean temperature 0.900 -0.086 0.369
SESF U T IR ¥ Annual mean surface temperature 0.879 -0.178 0.219
F V)RS IR Annual mean min temperature 0.860 0.127 0.346
SEF 45 B iR Annual mean max temperature 0.806 —0.241 0.394
P XG#E Annual average wind speed —0.803 —-0.004 0.218
4 H B 45 % Annual average sunshine duration —0.782 —0.195 0.202
o b4 L7 71 ANPP 0.110 0.861 0.242
/K7 Annual precipitation 0.171 0.848 -0.073
FEANTIEE Annual relative humidity —0.364 0.664 —0.428
SEAR v B U Annual extreme max temperature 0.434 —0.563 —0.184
SE AR B SR Annual extreme min temperature -0.089 0.124 0.876

PO T ROy BeReh: BAKaiserbr L HIIESCHERER; a, BERAE4OEARIRSL.

Extraction method: principal component analysis; Rotation method: varimax with Kaiser normalization; a, Rotation converged in 4 iterations.
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Table 4 Correlation analysis of ANPP and meteorological factors in Hunshandake sand

SERT R ZRE SRR T B SRR T BT
Meteorological ~ Correlation Meteorological Correlation Meteorological Correlation
factor coefficient factor coefficient factor coefficient
1H Bk & P, L PR
Jan. precipitation —0.221 103 7K HE Oct. precipitation —0.038 Annual mean temperature 0.098
2 I Bk = S P e R
Feb. precipitation 0.013 1173 7K & Nov. precipitation 0.038 Annual mean max temperature —0.020
3HMBKE 57 e B ST FP BRI *
Mar. precipitation —0.202 12 Kt Dec. precipitation 0.061 Annual mean min temperature 0.259
4 I BEKE 1 =3 kKR R B el —0.409™
Apr. precipitation 0.065 Jan. to Mar. precipitation —0.231 Annual extreme max temperature ’
SHEEKE E—F9H - 12K E SRR R AR
May precipitation 0.154 Sep. to Dec. precipitation year-ago —0.150 Annual extreme min temperature 0.239
6 7 Bk 0340” || LTFILH - 2A KA AP R T UL
Jun. precipitation ’ Nov. to Dec. precipitation year-ago 0.025 Annual mean surface temperature —0.012
TH K E o || 4F -8 ARk E || EEAHRIREE .
Jul. precipitation 0.499 Apr. to Aug. precipitation 0.723 Annual relative humidity .
8H /K& o o w || EABE Y=
Aug. precipitation 0.219 fF KL Annual precipitation 0.711 Annual sunshine duration —0.148
9 Bk P B R
Sep. precipitation 0.274 Annual average wind speed —0.044

FR*E 3 M IRAE0.05 KT A10.01 7K1 b 2 AR

* and ** indicate significant correlation at 0.05 and 0.01 levels, respectively.
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INEEHL X B R AR B EZ R AT R
g 220 e ) B 7 s B AL T 9T B b AR P g Ak
AT T ER R R, S R, A
& M AE S B 9T 2, AHIE 5T I 6 CENTURY 452
T TE VA 38 08 v Vb )0 A MR AT R 56 R L, SRt
CENTURY #5475 5 35 18 v b Hh A B AT 55 558 A AR 40,
A8 7, BT R T 3 b A= & 2R T B A FTEE PR
ALk BN EE SR, Vb AR W 6 B K R K
Uity e i JE R BROER, B AR FUUR Y 3 A v Vb H ANPP
B 4 K B S0 H B i A AR A .

A ERAAEAS AT AP K Bk e i 2 Hh B
R A R AR AR R AR AR, P R o B R
T b AR W ) 2R T AR A A B AR AR 6 S AR
14 7 58 20 U 1 CENTURY 4 280 R 5 45 4 b A 40,
SARAR LR P 5 R S g g b
43 A T AR AR, vt A SO I S AR X B 2D HE
B8 DN 4 25, T e R A N R AR AT DA A
78 75 0] BB A 2, (R AR e J A B B A=)
= KRIF BRI A EM . 213 S5 L.

I A %6 CENTURY KERY, 7] DLSE & AL B0V % 4
o Vb A Bl B B A AR AL, A R TR A
AL 0 A AN 2

R A R MU L BT 7T th 3R B, o KR A S
I R PALSE T R ANPP [ B B ) N E Y,
H KR £ IR 25 20 Al X ANPP 521 JC O 5%
Rl R KRB KR 5 BRI IR o V8 3 1K e v b T
5/ T AR R A BRI AT R AN 5T, 4R
BRI B KR ANPP 1 TR R K, OB
FEAFE MK AR E M5 DL T, FE/K I 4FE A 70 Al X ANPP
7R o AR I BLRE K ANPP 5T ik I AN B
B, O35 E—EERERK, xSk EE" ER
SR LA H B A e 2

B R R R KR B I E R RN
AR e B R A KR E R
RBHTREpE, SEEMIEE KT XM A5
iR, X RR T P T HFFHOER H AT
2w AR R e T R OR A, X ANPP 4
—RE MR . AERT T IX T B A KT, R
i fpe v IR SR L B I IR, X ANPP [ it
T S Wi o 2 o e iR AN I B UG R A R B, T EL A
Y5 K BRI, 7 A 5 e, 40 ) A
IR AE K, 2 350 ANPP T M. 7E N 5 HE &
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