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Simulation of soil respiration for typical forests in Northeast China: Localized

application of IBIS

GUO Qingxi* , ZHANG Haiyan, WANG Xingchang, WANG Chuankuan
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: As an integrated modeling framework , Integrated Biosphere Simulator (IBIS) is designed to incorporate a range
of biophysical, physiological, and ecological processes in terrestrial ecosystems, which likely represents the direction of
future research on ecosystem carbon cycling simulation and modeling. In this study, we modified the IBIS-2.6 to simulate
the soil respiration (Rg), rhizospheric (Ry) and heterotrophic (R, ) respirations in six typical forests in northeastern
China, and validated the simulated values with the measurements. The forests were Mongolian oak ( Quercus mongolica
Fisch. ), aspen — birch ( Populous davidiana Dode and Betula platyphylla Suk. ), mixed deciduous ( no dominant tree
species ), hardwood ( dominated by Fraxinus mandshurica Rupr. , Juglans mandshurica Maxim. , and Phellodendron
amurense Rupr. ) forests, Korean pine ( Pinus koraiensis Sieb. et Zucc. ) and Dahurian larch ( Larix gmelinii Rupr. )
plantations. The annual fluxes of Ry and its components were in a good agreement with the measurements during 2004 and
2005. The biases in Ry, Ry and R, between the simulated and measured values ranged from -5%—21% , 2% — 16% ,
and —16% —45% , respectively. There was no significant difference between the simulated and measured R;. And the
correlation coefficients varied from 0.362 in the mixed deciduous forest to 0. 917 in the hardwood forest. The model well
represented the seasonal dynamics of the R for the six forests except for a rapid increasing Ry in the late spring or early
summer. This study provided a basis for the localized application of IBIS in northeastern China, and suggested that the

modified IBIS be suitable for simulating Ry at specific forest ecosystem scale.
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Table 1 Site characteristics and vegetation composition of the six forest types

b xid] b5 Z1A i R Mtz Wi RFF
Forest type Location Age Density DBH Basal area Dominant species
ZIHAMK Pinus koraiensis plantation gl {7 Mid slope 39 3145 12.0 35.7 1A Pinus koraiensis
YEHHABK Larix gmelinii plantation T 3iA; Toe slope 47 1823 15.1 29.0 YEMHA Larix gmelini
N 11#% Populus davidiana
P -B f Mid sl 281 11.2 27.
HEAK Populus-Betula forest gl {7 Mid slope 55 817 7.6 E1#E Betula platyphyla
JK b #) Fraxinus mandshurica
% fE Ak Hardwood forest T 3iA; Toe slope 50 2300 12.8 26.6 BABEMk Juglans mandshurica
HBE Phellodendron amurense
S BRAK Quercus mongolica forest 343 Upper slope 56 2495 14.0 38.2 S Bk Quercus mongolica
A MK Mixed deciduous forest gl {7 Mid slope 55 2684 13.1 34.9 Fetf #F No dominant species
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Fig. 1 The sub-modules and time step length in IBIS model '®’
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Fig. 2 The relationships between simulations and observations of total soil respiration, heterotrophic and rhizospheric respiration, and
contribution of rhizospheric respiration to soil respiration ( RC)
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g1 IBIS HEFAEH KA SH

Appendix table 1 Plant physiology parameter values used in IBIS[!8]

241 Parameter [{&H Broadleaf( C;) %l Conifer( C;)
Y6 1E I F AR Photosynthesis Sub-model

P EDER T3 Intrinsic quantum efficiency o 0.08 0.08
FHEL#E 7 7, specificity ratio 4500 4500
CO,3h /1B % K./ (mol m~2s~') K, ,CO, kinetic parameter 1.5%x10~* 1.5%10~*
0, B 1% 2% K,/(mol m~2s~1') K, ,0, kinetic parameter 0.25 0.25
ARRILHEAE V, (mol m~2s~!)  V,,, maximum rate of carboxylation 35,47,53,80 x 10~ 45,80 x 10 -
IH-IEIE 2% y v, leaf respiration coefficient 0.02 0.03

S fL5 B FHAY Stomatal Conductance Sub-model

SILFEMREm m,Coefficient for stomatal conductance 10 8
SILSFERZRE b b,Coefficient for stomatal conductance 0.02 0.001

MF2 BEBMBESH
Appendix table 2  The initial value in the model

Z % Parameter 3R Description $0{8 Value
CO, INIT CO, ¥IHEHEE Initial CO, concentration /( mol mol 1) 0.00035
0, INIT 0, WY EE nitial O, concentration /(mol mol ~1) 0.209
SAPFRAC INIT AR FILEE Initial sapwood value 0.05
SCINIT WIHEALS LS BE Initial stomatal conductance /(mol HyO m~2s~1) 0.05
NPFT FEYIThRERI%Y Plant function types 7
NVEG TP EAIEL Vegetation types 8
XMINLAI /N TS EL Maximum leaf area index /(m? m~2) 0.25

MFR3 THRMSH
Appendix table 3 Parameters of the soil texture

st WL b5 g A kL b K, 4 D3 Dis00 v,
Texture Sand Silt Clay /(ms™1) /(m®*m™3) /(m*m3?) /(m*m~?) /(mH,0)
>+ Sand 0.82 0.1 0.08 1.7 5.8330e -05 0.437 0.091 0.033 0.070
P )3 + Sandy loam 0.58 0.32 0.10 3.1 7.1944¢ - 06 0.453 0.207 0.095 0. 150
3% + Loam 0.48 0.46 0.06 4.5 3.6667¢ — 06 0.463 0.270 0.117 0.110
i+ Clay loam 0.36 0.30 0.34 5.2 6.3889¢ - 07 0.464 0.318 0.197 0.260
#i+ Clay 0.20 0.20 0.60 7.6 1.6667¢ - 07 0.475 0.396 0.272 0.370

b J& Campbell 58 HFITEH K, RAFIFK s @ - ALBREE ; D3y, Drsoo 2 HIFIHF/KHE (33 T kg ™) MR R (1500 J kg ™" ) A0 1508 2
KA W, S5 AR

Mik4 SHAEOHEZWEBNEEHERER (m* m?)
Appendix table 4 Litter standing crop of six forest types and leaf area index for each layers

A WAEY KBS

N R
(kgCm=2a™!) (kgCm2a™!) (kgCm=a)
ZIHAMK Pinus koraiensis plantation 0.35 0.20 0.08 3.8 2.10 0.80 0.45
&M ¥AMK Larix gmelinni plantation 0.32 0.18 0.10 0.00 2.20 0.50 0.20
ke Populous-Betula forest 0.38 0.30 0.20 0.00 4.20 0.96 0.50
fifi fE Ak Hardwood forest 0.45 0.30 0.25 0.00 4.00 0.75 0.28
S BRAK Quercus mongolica forest 0.36 0.30 0.25 0.00 3.80 0.50 0.36
Ak Mixed deciduous forest 0.5 0.18 0.20 0.00 3.00 0.82 0.52

plai-initl , plai-init2, plai-init3, and plai-init4 2} FQEE GETRA & MHTFA AR HH ) M EFRTE B
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