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Spatial patterns of biomass in the temperate broadleaved deciduous forest within

the fetch of the Maoershan flux tower
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Abstract: To cross-validate the accuracy of carbon flux estimates of the eddy covariance with that of the stand inventory
method in temperate forests, we investigated the spatial variations in forest biomass and their driving factors within the fetch
(1500 m x 400 m) of the Maoershan flux tower using a geostatistics approach and regression methods.One hundred and six
circular plots with diameters of 20 m were established by a 100 m x 50 m grid using a total station. All of the trees with
diameter at breast height ( DBH) greater than 2 cm were measured in each plot. The biomass and its components were
calculated based on the DBH data and the site-species-specific biomass equations developed previously. The ranges of the
total, above-, and below-ground biomasses were 22.68—304.89, 17.99—245.96, and 4.69—69.25 Mg/hm’ , respectively,
with corresponding means of 155.64, 124.17, and 31.47 Mg/hm’. The root;shoot ratio (RSR) ranged between 0.18 and
0.36, with a mean of 0.25. For the total biomass, the contribution of specific species was ranked in the following order:
Ulmus japonica (22.80% ) > Fraxinus mandshurica (15.70% ) > Betula platyphylla (15.52% ) > Betula costata (7.23%)
> Juglans mandshurica (6.21%) > Acer mono (6.20% ) , with the remaining 26.34% contributed by other species (each<
5%) . The coefficients of variation for the total, above-, and below-ground biomasses were 37.89% , 37.75%, 41.27%,
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respectively. The structural ratios of the semivariance functions for total, above- and below-ground biomasses were 0.50, 0.
61, and 0.50, respectively, whereas the corresponding ranges were 276, 198, and 375 m. These data indicated a
moderately significant spatial autocorrelation for the biomasses, whereas that for the RSR was week. The geostatistical mean
of the total biomass density within the fetch of the flux tower (153.63 Mg/hm’) was close to the simple mean of the 106
plots, indicating the effective spatial representation of these plots. The biomass and RSR between the hardwood and mixed
deciduous stands did not differ significantly (P > 0.1). However, when the basal area (BA) was used as the covariate, the
difference in biomass between the two forests was highly significant ( P<0.001). The total and above-ground biomasses were
more closely correlated with the BA ( R*> 85%) than with dominant tree height (R*<41%) for both forest types. The
biomass and its components were positively correlated with the slope of the terrain for the mixed deciduous ( P<0.001) , but
was not the hardwood stand. Stepwise regressions for all data of the 106 plots indicated that BA and the dominant tree height
were the first and second contributors to the variations in the total and above-ground biomasses, whereas BA and aspect were
the most important in the below-ground biomass and RSR. In conclusion, the spatial patterns of biomass and its components
were significant within the fetch of the Maoershan flux tower, highlighting the importance of considering spatial variation in
the estimation of carbon fluxes using the eddy covariance and biometric methods. The spatial variations were significantly

associated with stand basal area, dominant tree height, slope, and aspect, indicating the predictability of the variations.

Key Words; basal area; forest biomass; root:shoot ratio; spatial pattern; temperate deciduous forest
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Table 1 Basic characteristics of stand within the fetch of the Maoershan flux tower

Ja Blen | FHE brift2: 5 5 R %
Attribute Range Mean SD cv
Jf4% Diameter at breast height/cm 4.18—22.18 10.85 2.94 27.10
A3 Stand density /( N/hm?) 828—9754 2889 1339 46.35
Ji f=5 Wi T B Basal area /(m?/hm?) 4.84—46.36 24.16 8.34 34.52
MM Dominant height /m 10.00—31.80 22.62 3.89 17.20
YR EE Biomass density /( Mg/hm?) 22.68—304.89 155.64 58.97 37.89
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Table 2 Basic characteristics of the main species within the fetch of the Maoershan flux tower

A HRE/N MARFE R/ em  BECFEE/em ARUEZE/em A 22 i £
Species Number of trees Range of DBH Mean DBH SD Kurtosis of DBH  Skewness of DBH
TiffE Maple 1292 2.00—47.93 5.72 3.83 16.40 2.79

FHfi Japanese Elm 1194 2.00—55.35 10.18 8.53 4.55 1.98

4 White birch 428 2.00—46.55 16.64 7.07 1.63 0.66

£IH% Korean pine 383 2.05—27.12 9.29 4.43 0.13 0.64
K490 Manchurian ash 337 2.00—55.46 15.49 10.76 1.18 1.18

48 Amur linden 151 2.50—34.28 11.65 6.24 1.02 1.02
BBk Manchurian walnut 110 2.10—53.49 21.05 8.83 1.06 0.31

2.2 AW AR IR

SAEY R M EA YR M AR IR e LG Y A3 (R AE S R AL (CV) 3 R 37.89% 37.75% \41.27% Fil
14.05% , Sy o AR fIb T AR (42 7 22 S LA BRI S P BB AL 2 Ty 22 B RL (1R) 45 44 L
(WA B 1/ HEGH) 435170 0.50,0.61 F10.50, HA ARS8 HAHCHE (R 3) . B R b Y=
F T A 4 R DA A e i 2R B(R?) 43 911 0.70,0.62 F1 076, 25 [] S itk B 4331 g 276,198 F1 375 m
(F3), MM A 2800 R 0.34 (& 2) , AN IE & #7207 24608
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Table 3 Semivariance models of total biomass, above- and below-ground biomasses

Moy AR e fE REAHE AR ZEthy L REREL B2
Components Optimal model Nugget Sill Range C/(CytC) R? Residual SS
LAY Total biomass iR 1648 3307 276 0.50 0.70 3.87x10°
Hi A=) Above—ground biomass R4 790 2045 198 0.61 0.62 1.67%x10°
iR A9 i Below—ground biomass B2 86 172 375 0.50 0.76 1.21x10?
HIELE Root : shoot ratio R 1.91x107™*  1.33x107* 120 0.86 0.34 1.28x1077

2.3 Wi Es Ak R S LR 2 R T
2.3.1 ZE[EE R

Az Wy i e HC2H 53 FRR e LU S A7 R B 1 s ) S B ik (81 3) o SR b b A= W e R T A ) A
DR DX PR S A0 R R G v A Y G g SR RIS, AR b —VE R 5 ) (LA A ) ) AR SRR R AR T P b —AR
BT ) (B A ) A8 SRR RN, AR AR AR DX 2009 A6 T 20, T e A= 4 1 PG g 30 /N AT
1B DX FIHEARRN ISR I (PRI 15 a) M HERR BT b Ge it 2= dd (B S 1 XS0 2 B A i b A i
FlHh R A= W 24 (E 43 A 153.63 122,71 A1 31.00 Mg/hm®, MR 56 U AE AR Ab— P4 R 7 1) 28 S A K, {HLEAR -
Bl TS TR (L 3) 342 0.25,
232 RSIHTFIHT

(1) RIRIARIY B A P i S AR EL

V115 S BT I 8 1 B2 o v = = L = L L N R o e (M A = 7/ = LB L A e 7/ B O e o R [ 1l )
164.73 .130.81 £ 33.92 Mg/hm* , ZXAMRA B AP o LAY R fsh A9 20 518 151.24 121.09 #1 30.15
Mg/hm* , PHFPAREY AR EE L 43900 24 0.26 FT 0.25, J7 22 43 Br 45 2 3 B FpoMR AU 19 S 2B 9 i (F = 0.358, P =
0.552) M FAE (F=0.965,P=0.329) Hu A& (F=1.806,P=0.183) FIfiE b (F=1.685,P=0.198) 2
SRR, HLLBA KR P72 50T R W AR A B (F=20.069, P<0.001) M [ 4 fk (F =
25.248 ,P<0.001) FlHh F /48 (F=10.888,P=0.001) Z 3 W B & MR ELEFARE (F=1.371,P=
0.245) ,
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Fig.2 Semivariance functions of (a) total biomass, (b) above-ground biomass, (c) below-ground biomass, and (d) root:shoot ratio
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Fig.3 Spatial distribution of (a) total biomass, (b)above—ground biomass, (c¢) below—ground biomass, and (d) root:shoot ratio
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