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Abstract; Understanding the interannual variability of forest ecosystem carbon fluxes and its driving factors is important for
understanding dynamic changes in forest carbon budgets and predicting the effects of future climate change on forest carbon
budgets. In addition, it is a critical part of assessments of the contribution of forests to climate change mitigation. Using the
MODIS Leaf Area Index ( LAI) , Normalized Difference Vegetation Index (NDVI) , MERRA reanalysis data, and flux tower
observation data, the Eddy Covariance Light Use Efficiency ( EC-LUE) model was calibrated and validated to estimate the
spatial distribution of the Gross Primary Productivity ( GPP) of the Moso bamboo ( Phyllosiachys edulis) forest in Anji
County during 2004—2011. Then, the relationships between environmental and biological factors and the interannual
variability of the GPP were analyzed, in order to identify the factors driving the interannual variability of the GPP. Our

results show that; (1) the GPP is slightly greater in off-years ( between mass flowering events) than that in on-years (years
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with mass flowering events). The reasons for this are as follows; the leaves found on the culms during off-years are one year
old, and thus have higher photosynthetic capacities than older leaves. The leaves of adult bamboo plants stay green in off-
year winters and produce large quantities of photosynthates, which support the growth of new bamboo shoots through the
rhizome system in the following year (an onllyear); (2) the annual average daily GPP decreased from 2004 to 2011, at
rates of -0.064, —0.033, and —0.045g C/(m’ d) per year in the eastern portion, western portion, and the entirety of Anji
County, respectively. Annual average temperature was the main factor driving decreases in the annual average daily GPP;
(3) interannual variability in the LAI is the main driving factor of interannual variability in the GPP, because the effective
LAI changed noticeably from on-years to off-years; and (4) the interannual variability of the GPP in the western region was
greater than that in the eastern region of Anji County, with coefficients of variation of 70% and 54% , respectively. The
primary reason for this is that the effects of environmental factors on the interannual variability of the GPP are positively
correlated with the effects of biological factors on the interannual variability of the GPP in the western region, so increases
in both the environmental and biological factors increase the interannual variability of the GPP. In the eastern region, the
effects of environmental factors on the interannual variability of the GPP are negatively correlated with the effects of
biological factors on the interannual variability of the GPP, and thus both the environmental and biological factors decrease
the interannual variability of the GPP in the east. Therefore, the interannual variability of the GPP is determined by both

environmental and biological factors.

Key Words: gross primary productivity ; interannual variability ; leaf area index; moso bamboo; on-year and off-year
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Table 1 Relationships between annual GPP and LAI, T and PAR

Wi 5L T ARHB [k Bl
Environmental and biological factors Eastern area Western area Anji County
NIEATER

Leaf area index, LAI 0.53 0.44 0.36

vH i

R 0.59 0.66 0.68
Temperature, T

NI ANy =W+ g =80

kol 0.37 0.51 0.49

Photosynthetically Active Radiation, PAR
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Fig. 1 Spatial distribution map of GPP for Moso bamboo in Anji County based on EC-LUE model
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Table 2 Relationships between interannual variability of GPP and LAI, T and PAR

WS EMH T ARHB [kl i
Environmental and biological factors Eastern area Western area Anji County
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Fig. 4 Relationships between interannual variability of LAI and temperature in (a) eastern and (b) western Anji county

http ; //www.ecologica.cn



6 1) TR/NEE A BT MBI G 1A PR A B R Bl 3R —— L2235 B 7

AEIIRE & 2004—2011 4E 255 HBATARAE H ¥ GPP 5 F A3 T EIRSN N K . IR ot
HRMEZRIIREEZ —, BIMOCERORI S A REAE 20—30 CZ 0], BE R BRI, AR R T
A BRI AR L T 2 A A5 RS 48 H AT 15 4R 3R (1998—2012 ) AER I B _E T i PR sk 2%
IV, =5 i DR R I v 22 2R B T B 553 AR A B 96 o0 %) 8 055 A5 H AR IR R % 4518 5 AR IE MERRA 44
PEAS Y 2004—2011 AER I A 2 N R SR — 3, L ISR AS AR AR B R B S BCRATARAE H 3 GPP
TFREREE IS RAKIEN . CA DI EHHRMA S R G GPP A2 I E S 2Rk B, i 18 ki e 2 95 4 b
FH AR B R AR, R IR A A GPP [ B ARG, Xt v A 25 2R e ik [ o A0 52 i BB T R 2 B 7 3k
N, P, 2004—2011 %75 BB GPP 22 F B HIEARER B AR BATMAE & R G0 ik i 1 R R

LAL JEBATAK GPP AEBRASLAY T ZOR B R R 144518 5 HA AR PRI — 35 AEBFNPE R X 48k LAT 4F
BRAR AT GPP AR B8 Ab 1 DT k2L = i, 32 B PR R /INAR A B AR R IR 25 555 [ A7 B ] LAT HLA B 2
AR AR AR, X T2 7 B LAL R BEAEPRAZ AR X GPP AR BRASfb ke 2 AH >4 1) BTk, X 7] Ge 2 A%
T EL ARG I MEAH LI HG T LAL 4EBRZSAEXF GPP AEBRZS AL A5 . LAT 1T EE 23 B4 ) 25 K 11 1
HLTAARAE 25 R B8 GPP B ZE 5 B 25 FIAERR 22 511 L LAT FE B X B ATAR GPP AEBRAS AL B VE 7 et i T
GPP 4EFRASAL I B FE , 24 W 4V O 1) — 20 (RIS IR B 78800 ) Bf, GPP AR BRAR AL AR Sk g K, R AT
TR AR A R AT BN BAT AR e 2435 /NS 40 K/ IMERI B TBATAR ) 55— 1T, 253845 P4 3 K /NE 41
LR ME LU RE | AS BT Z AR 31 1 2 B ML A7 e A 0 R 2 3 R VG 350 A X A 2 s KA A R/ INAE AT IR A — S, i
FLEFRACEATENE . AR TIRTEAR TR F520 GPP AEFRASAL) | I, 2008 4E vk S % F L K 2011 4F
HET RN GPP AEFRAS AR A — R AU 7 BkAh, BT MERRA B8 1923 8] 43 W A A, w LA S e /)N
FRUBE DX S A5 IR A2 A % 43 B 48 Rt e SR A e Pk

5 #ig

(1) BATMREA R/MESSR 094 BARFAE , B T /ME Z 8] RIS B o & S RO HOL SRR 9 22
S T R/MEZ 6] GPP A7AEZE S, [ 2 GPP ARBRA AL A B8ORS N 5, PG IRA T i A B AR 250
X BAT A S RS e i S AL R R BAT BB,

(2)3 15 48k, i T AR RN, SRR R 222 5L 2 PR S, [ 2 BB M RS GPP
SRS RS R AT AR B RE S AT 7 i B AE A LA T A AR AR AT GPP SRR T S
EZISN

(3) GPP AR PR AL A Sy i B8 32 BRI A0 A= Wy DA 3 R[04 P A T D7 [l AR TR I , GPP AR B AR Ak 4 3%
SR BEBOR X8 N IR BB AT AR S R GERGAE PR AL A B sh PR S At T B SR 7245 R 5 b b7
PE— 2 T B AT PR /N A B A 25 AR5 R 08 JHG 35T Bk 8 7 52 iy DL S R85 RIAE W) I % GPP AR B A2 L 1Y

H

5% 3CHK ( References)

[ 1] TIPCC. Climate change 2007 The physical science basis // Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt K B, Tignor M, Miller H
L. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge
University Press, 2007.

[ 2] Kramer P J. Carbon dioxide concentration, photosynthesis, and dry matter production. BioScience, 1981, 31(1): 29-33.

[ 3] Bonan G B. Forests and climate change: forcings, feedbacks, and the climate benefits of forests. Science, 2008, 320(5882) . 1444-1449.

[4] Lau WKM, WuHT, Kim K M. A canonical response of precipitation characteristics to global warming from CMIP5 models. Geophysical Research
Letters, 2013, 40(12) . 3163-3169.

[ 5] Barford C C, Wofsy S C, Goulden M L., Munger ] W, Pyle E H, Urbanski S P, Hutyra L, Saleska S R, Fitzjarrald D, Moore K. Factors
controlling long- and short-term sequestration of atmospheric CO, in a mid-latitude forest. Science, 2001, 294(5547) : 1688-1691.

[ 6] Richardson A D, Hollinger D Y, Aber J D, Ollinger S V, Braswell B H. Environmental variation is directly responsible for short-but not long-term

http ; //www.ecologica.cn



8 A F E MR 36 4
variation in forest-atmosphere carbon exchange. Global Change Biology, 2007, 13(4) ; 788-803.

[ 7] Saito M, Kato T, Tang Y H. Temperature controls ecosystem CO, exchange of an alpine meadow on the northeastern Tibetan Plateau. Global Change
Biology, 2009, 15(1) : 221-228.

[ 8] EXME, FMEFE, THh. T 2BRINEEAHCH BRI i 2S48 5. hERRE D . HekR2:, 2008, 38(9) : 1092-1102.

(9] RIEAS, BRAR. BOITIR DA AR 7= 7 I 2 7R AR AR B R S BE R A 1y . BEUEARS4, 2013, 35(10) : 2024-2031.

[10] Chen B, Arain M A, Khomik M, Trofymow J A, Grant R F, Kurz W A, Yeluripati ], Wang Z. Evaluating the impacts of climate variability and
disturbance regimes on the historic carbon budget of a forest landscape. Agricultural and Forest Meteorology, 2013, 180(15) : 265-280.

(117 WG, XUBER, Mo, TR, D, 25T BIOME-BGC FERY ) £13E bz IX M MM ( Pinus elliortii) AT bk GPP FI NPP. A= 45%41¢ ,
2008, 28(11) . 5314-5321.

[12] %ok, ¢, BMR, 28 RS RIE R AURIBA R A = s ( 1) —— 52 R 2208 B bR B I gk 7= 7. o DK g
Rhaf, 2012, 10(6) ; 45-51.

[13] Wang Z, Grant R F, Arain M A, Chen B N, Coops N, Hember R, Kurz W A, Pricee D T, Stinsond G, Trofymowd J A, Yeluripati J, Chen Z.
Evaluating weather effects on interannual variation in net ecosystem productivity of a coastal temperate forest landscape: a model intercomparison.
Ecological Modelling, 2011, 222(17) ; 3236-3249.

[14] PRy, BRA3E, N4E, L495. BT MODIS M % s FAE BRI g A = o, hERRE . Rk 2012, 42(3) : 402-410.

[15] M, WOk, 28, 2. ENSO FARERAE ML BRIl A 25 R GERkIE B 52 IR, #2104k, 2011, 18(6) : 107-116.

[16] SRZEME, Fotdm, shLA, SR, Pl KLt 2k CO, 38 & 7547 FAR PR AL RRAE BRI AL. o AL D 5. kAL,
2006, 36( 4TI 1) . 60-69.

[17]  hiGeds, B, BARoC, 267, Wi, AL, RBTMIE L IX B AR B A 7 D1 I R AU RRIE S ORI . RRR# 253k, 2012,
34(6) : 672-682.

[18] Baker I T, Denning A S, Stéckli R. North American gross primary productivity: regional characterization and interannual variability. Tellus B,
2010, 62(5) : 533-549.

[19]  BEZEMJR. 557504 B ZRARTE U5 I 2 5 B 45 5 (1999—2003 ) . http: //cfdb.forestry.gov.cn ; 443/showpdf.action. 2006-09-28.

[20] EARBE. BATMOK/INE RHLH]. AT FAFFEET, 1984, 3(2) : 62-69.

[21] Lobovikov M, Paudel S, Piazza M, Ren H, Wu J Q. World bamboo resources: a thematic study prepared in the framework of the global forest
resources assessment 2005. Rome: FAO, 2007.

[22] JHEBE BATHA RGP oAk | E SIS 200 BFSE. oM . Wik, 2006.

(23] BRSENI, sk—F, s/, SR80 i 2 50 4F i EAT MRt A2 1k, A= Z554, 2008, 28(11) : 5218-5227.

[24] Kume T, Onozawa Y, Komatsu H, Tsuruta K, Shinohara Y, Umebayashi T, Otsuki K. Stand-scale transpiration estimates in a Moso bamboo
forest: (1) applicability of sap flux measurements. Forest Ecology and Management, 2010, 260(8) : 1287-1294.

[25] DuHQ, Zhou G M, Fan WY, Ge HL, Xu X J, Shi Y J, Fan W L. Spatial Heterogeneity and Carbon Contribution of aboveground biomass of
moso bamboo by using geostatistical theory. Plant Ecology, 2010, 207(1) ; 131-139.

[26] Komatsu H, Onozawa Y, Kume T, Tsuruta K, Kumagai T, Shinohara Y, Otsuki K. Stand-scale transpiration estimates in a Moso bamboo forest
II. Comparison with coniferous forests. Forest Ecology and Management,2010, 260(8) . 1295-1302.

[27] XuX]J, Zhou GM, LiuS G, DuHQ, Mo L F, Shi Y J, Jiang H, Zhou Y F, Liu E B. Implications of ice storm damages on the water and carbon
cycle of bamboo forests in southeastern China. Agricultural and Forest Meteorology, 2013, 177 35-45.

[28] Lou Y P, Li Y X, Buckingham K, Henley G, Zhou G M. Bamboo and Climate Change Mitigation. Beijing: INBAR, 2010.

[29] #EmuE, fhfesm, JRIEME, /2, EYE, BRI, 5 30a %3 2B PIMRSh 35 2O I R aik it B k. BT84k, 2011, 28
(3) . 422-431.

[30]  JRb2. KEEEE EATMA S REBIC R 2B EE BT, fEM . fREAR MR, 2011.

[31] $haR, VLt FER, B3, Bra t REHET BT CO, il M8 FRHIE. RS2k, 2013, 24(10) ; 2717-2724.

[32] Papale D, Reichstein M, Aubinet M, Canfora E, Bernhofer C, Kutsch W, Longdoz B, Rambal S, Valentini R, Vesala T, Yakir D. Towards a
standardized processing of Net Ecosystem Exchange measured with eddy covariance technique: algorithms and uncertainty estimation.
Biogeosciences, 2006, 3. 571-583.

[33] Wilczak J M, Oncley S P, Stage S A. Sonic anemometer tilt correction algorithms. Boundary-Layer Meteorology, 2001, 99(1) ; 127-150.

[34] Webb E K, Pearman G I, Leuning R. Correction of flux measurements for density effects due to heat and water vapour transfer. Quarterly Journal of
the Royal Meteorological Society, 1980, 106(447) : 85-100.

[35] Sachs L. Angewandte Statistik: Anwendung Statistischer Methoden.Berlin: Springer, 1996.

[36] LiZQ, YuGR, Wen X F, Zhang L M, Ren C Y, Fu Y L. Energy balance closure at ChinaFLUX sites. Science in China Series D Earth

http ; //www.ecologica.cn



6

TR/NEE A BT MBI G 1A PR A B R Bl 3R —— L2235 B 9

[37]

[38]

[39]

[40]
[41]

[47]

[48]

Sciences, 2005, 48(S1): 51-62.

Lasslop G, Reichstein M, Papale D, Richardson A D, Ameth A, Barr A, Stoy P, Wohlfahrt G. Separation of net ecosystem exchange into
assimilation and respiration using a light response curve approach: critical issues and global evaluation. Global Change Biology, 2010, 16(1):
187-208.

Yuan W P, Liu S G, Zhou G S, Zhou G Y, Tieszen L L, Baldocchi D, Bernhofer C, Gholz H, Goldstein A H, Goulden M L, Hollinger D Y, Hu
Y M, Law B E, Stoy P C, Vesala T, Wofsy S C, other AmeriFlux collaborators. Deriving a light use efficiency model from eddy covariance flux
data for predicting daily gross primary production across biomes. Agricultural and Forest Meteorology, 2007, 143(3) . 189-207.

Gu Y X, Bélair S, Mahfouf J F, Deblonde G. Optimal interpolation analysis of leaf area index using MODIS data. Remote Sensing of Environment,
2006, 104(3): 283-296.

Kleinhenz V, Midmore D J. Aspects of bamboo agronomy. Advances in Agronomy, 2001, 74: 99-153.

BB, B W, R, EREHE, Long S P, Beadle C L, Hall D O, Scurlock J M 0. [ &4 T BADCAERRIBIGE. 172500%
5%, 1989, 8(2) . 8-18.

Isagi Y, Kawahara T, Kamo K, Ito H. Net production and carbon cycling in a bambooPhyllostachys pubescens stand. Plant Ecology, 1997, 130
(1): 41-52.

Liese W. Anatomy and utilisation of bamboos. Eur. Bamboo Soc. J. 1995, 6. 5-12.

MEAE, AR, L, HREL TGS IR RS T A FMARL. PR, 2007, 27(6) : 923-928.

SRANEH, WENE, kR, FRA, KR, BITGE LN TR AL BRI BT BT BRCZE224, 2011, 28(4) ; 555-561.
Higuchi K, Shashkov A, Chan D, Saigusa N, Murayama S, Yamamoto S, Kondo H, Chen J, Liu J, Chen B. Simulations of seasonal and inter-
annual variability of gross primary productivity at Takayama with BEPS ecosystem model. Agricultural and Forest Meteorology, 2005, 134(1) : 143-
150.

Liu S G, Bond-Lamberty B, Hicke J A, Vargas R, Zhao S Q, Chen J, Edburg SL, Hu' Y M, Liu J X, McGuire A D, Xiao J F, Keane R, Yuan
W P, Tang ] W, Luo Y Q, Potter C, Oeding J. Simulating the impacts of disturbances on forest carbon cycling in North America: Processes, data,
models, and challenges. Journal of Geophysical Research, 2011, 116(G4) : GOOKOS.

Zhou BZ, LiZ C, Wang X M, Cao Y H, An Y F, Deng Z F, Letu G, Wang G, Gu L H. Impact of the 2008 ice storm on moso bamboo
plantations in southeast China. Journal of Geophysical Research: Biogeosciences (2005—2012), 2011, 116(G3).

http ; //www.ecologica.cn



