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The effect of celldevel uncertainty on spatially explicit landscape model

simul ation

XU Chong-Gang"’, HU Yuan-Man' , CHANG Yu', LI XiuZhen', BU Ren-Cang', HE Hong-Shi', LEN G
Wen—Fangl’z (1. Institute  Applied Ecology, Chinese Academy of Sciencess Shenyang 110016, Chinas 2. Graduate School ¢ Chinese
A cademy ¢ Sciences, Bej ing 100039, China) . Acta Ecologica Sinica, 2004, 24(9) : 1938 1949.

Abstract: LANDIS is a cell-based spatially explicit forest model designed to explore the succession dynamics under the natural
and anthropogenic disturbances. At each cell, species and age cohort information is required and providing such information for
a landscape comprising millions of cells is challenging. In this study, a stand-based assignation (SBA) approach is developed to
stochastically assign species and age information to each cell based on the forest inventory data. The algorithm assumes that
each cell in a stand has a probability of being assigned with a species, which is determined by the relative occurrence of the

species within the stand (O 1). As a probability-based approach, SBA will introduce errors in LANDIS input- In order to
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assess the effect of errors produced by SBA on LANDIS results;, we conducted 20 Monte Carlo simulations to assess the
uncertainties associated with model out puts at cell level and landscape level.

For each species simulated in LANDIS, the recurrence frequency ( RF) of the majority age cohort (the most frequently
occurring species age cohort) from 20 Monte Carlo simulations are used to quantify the uncertainty in the age cohort
information for each individual cell. Average recurrence frequency (ARF) of the majority age cohorts is used to quantify the
overall celldevel uncertainty for each species age cohorts . Higher RF and ARF values indicate low er uncertainty. In order to
examine effects of uncertainty at the cell level on the simulation results at the landscape level, we also calculated percent area
(PA) and aggregation index (Al) for each species from the species distribution map in the LANDIS output. PA is the percent
of the area occupied by a certain species in the study area and Al is a class specific landscape index used to quantify the spatial
aggregation of classes. For each species, the coefficient of variation (CV) for PA and Al for the 20 Monte Carlo simulations
was used to quantify the variability of species abundance and its spatial pattern at landscape level. Both PA and Al were
calculated using APACK, software for calculating landscape metrics. Higher CV values indicate higher uncertainty.

Results show that uncertainties at cell level is relatively low at the beginning of the simulation for all species (ARF is
larger than 10). Seed dispersal, seedling establishment, mortality, and fire disturbance cause uncertainty to increase with
simulation year- The uncertainty eventually reaches an equilibrium state where input errors in original species and age
information have no effects on the simulation outcomes. At the landscape level, species percent area and their spatial pattern
measured by the aggregation index are not significantly affected by uncertainties of species age structures at the cell level. Since
the purpose of the LANDIS model simulation is to predict the overall landscape pattern change, not asingle event, SBA can be
used to parameterize species and age information for each cell.

Key words: spatially explicit model; LANDIS: uncertainty analysis; Monte Carlo simulation; Northeastern China
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Table 1 Species attributes for Huzhong area
(a)
. (d) (2) . Sh ade Fire (m) Effective .(m) Vegetan\.fe Minim um ége of
Species Longevity Maturity . . Maximum reprodu ction vegelative
tolerance tolerance seeding distance . . . .
age seeding distance  probability reproduction
Larix gmelini 300 20 3 4 150 400 0 0
'Plnus sylvestris var. 210 40 1 2 50 200 0 0
mong olica
Picea koraiensis 300 30 4 2 50 150
Pinus pumila 250 30 4 1 50 100
Betula platyp hy lla 150 15 1 3 200 2000 0.8 40
Pop ulus davidiana 180 30 1 3 -1 -1 1 40
Pop ulus suaveolens 150 25 1 4 -1 -1 1 40
Chosenia arbutif olia 250 30 2 2 -1 -1 0.9 30
-1 Represents infinity
1.3.2 LANDIS ’
ez . 6 1000m
(0 M DEM LANDIS s 6
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Table 2 Establishment coefficient for each species in all land types

Landtype (a) MAS EC1 EC 2 EC 3 EC4 EC5 EC6 EC7 EC8
Southern slope 50 0.4 0.2 0.03 0 0.3 0.2 0
Northern slope 40 0.4 0.1 0.05 0 0.2 0.2 0
10001 RT 100 0.3 0. 08 0 0.1 0. 05 0 0 0
Terrace 40 0.01 0 0 0 0.05 0. 05 0.07 02
Residence 0 0 0 0 0 0 0 0
Water 0 0 0 0 0 0 0 0

MAS: minimum age of cohort growth required before enough shade is created so that a shade tolerance 5 species can seed into the site; EC:
Establishment coefficient; RT: Ridge top higher than 1000m; EC1, EC2, EC3, EC4, EC5, EC6, EC7, ECS8 are the establish coefficient for
Larix gmelini, Pinus sylvestris var- mongolica, Picea koraiensis» Pinus pumila. Betula platyp hylla, Pop ulus davidiana, P @ ulus suaveolens,

and Chosenia arbutif olia, respectively
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Fig-4 Percent area (PA) of each species calculated from the majority age cohort map at each 10a simulation time step
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Fig.5 Percent area (PA) of each species calculated from a single M onte Carlo simulation at each 10a simulation time step

10 2004 , 130, s 110, s 1204 50a
10 ,  LANDIS > >
260a 5 ( 6a); 260 4
( 6a); 150a 7 ( 6b);
170 5 ( 6b); 190a 7
( 6b) - LANDIS ,
( 6a) 1002
, 140a 7, 230 0
4
2.3
LANDIS , 5
« 3, ,
(7 I : Oa, ( 10) “
( , Y( Ta la); 50a, “ " ( Ib) s
(<6 ( ) O0a  50a ( 6a) )
; 1004, 500a
50 100a s ( Ic) 50 100a
( 6a);150a, “ " 1d)
( 8d) (> 10)( 7d) , 100 150a s

(¢ 6a) 2004, ¢ "



24

1944
( 8e) . ., 150 2004
) ; 250a, 10 ( 7 If)
( 60):300,
. “ " ( Ig) s 250 300a s
( 6a); 350a, 300a “ "
300 ( 7h) ) 300 350a ,
; 350a R ( Ii, 1j; 1k),
) ( 6)( 7i, 7j 7k) ,  350a
( 6a)
0,
1 — YR Togmelin
15 — T Psylvestris var mongoliea
) —— = §% Phoraiensis
o —+— {88 P pumila
= 3
=
&ﬂ-ﬂ —t—t——t—t——
= 0 50 100 150 200 250 300 350 400 450 500
# a0
b b
= ——— B#£ B platyphvila
P — 8 P duvrdianu
—e— Fi¥h Psuavevlens
—+— WKW C arhuigfolia
A
0 I I : . " . . i . .
0 50 100 150 200 250 300 350 400 450 500
A ] Simulation time (a)
6
Fig.6 Average recurrence frequencies (A RF) for each species at each 10a simulation time step
2.4
9 ( 8
9, ( 6%) , )
) ( 4b)
) ( )
, , ( )
3
3.1
( ) ,
(1) :(2)
, (1) ) ( )
LANDIS LANDIS )
LANDIS
( ) (1) ,



1945

oo
ODOEEED

oopooomne

Fig.7 Recurrence frequencies (RF) map for L. gmelini at different simulation year
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