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Abstract The uncertainties in grassland ecosystem simulations caused by uncertainties in the parameters were studied
using a theoretical five-variable grassland ecosystem model and a conditional nonlinear optimal perturbation (CNOP-P)
method. Uncertainties in the parameters may originate in uncertainties in the observations and/or descriptions of the
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physical processes associated with the parameter, amongst other things. 32 model parameters that have physical meanings
in the five-variable grassland ecosystem model were selected for use in numerical experiments. The results showed that
when these parameters had the same degree of uncertainty, and the same optimization time, the combination of CNOP-Ps
optimized for each parameter was different from the CNOP-P optimized for all 32 model parameters. The authors
compared the grassland ecosystem simulations with the two types of parameter errors described above and with random
parameter errors with the same degree of uncertainty as the optimized parameter errors. It was concluded that the
CNOP-P for the 32 model parameters optimized at the same time led to the maximum uncertainty in the grassland
ecosystem simulation, which was that the grassland ecosystem was either transformed into a desert ecosystem or another
grassland ecosystem with more biomass. These results were independent of the size of the parameter uncertainties and the
optimization time, and they show that nonlinear interactions between several parameters in the model are important to the
uncertainties in the grassland ecosystem simulation. The results also imply that the CNOP-P method is a useful tool for
assessing uncertainties in the grassland ecosystem simulation.

Keywords Parameter uncertainty, Grassland ecosystem, Simulation uncertainty, Conditional nonlinear optimal
perturbation
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Fig. 1 The equilibrium states for the different moisture index u: (a) Living biomass; (b) wilted biomass; (c) soil moisture of surface layer; (d) soil moisture of

root zone. Solid and dashed lines denote linearly stable and linearly unstable equilibrium states, respectively
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*1 BEXFSEIREERYEEX
Table 1 Standard values and physical meanings for model
parameters

*2 BSEMUIESEMIULFTIS CNOP-Ps
Table 2 CNOP-Ps calculated for parameters optimized
alone and simultaneously
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Fig. 2 The impact of (a) living biomass, (b) wilted biomass, (c) soil moisture of surface layer, and (d) soil moisture of root zone on the grassland ecosystem

simulation with size of 1% in the parameters uncertainties and optimization time being 10 years. “Basic State” lines refer to basic state. “CNOP-P” lines refer

to the grassland ecosystem simulation caused by the CNOP-P from parameters optimized simultaneously. “SC” lines refer to the grassland ecosystem

simulation caused by the simple combination of the CNOP-Ps from separately optimizing each parameter. “Random1” and “Random2” lines refer to the

grassland ecosystem simulations caused by the random parameter errors 1 and 2 with the same error size of parameters uncertainties
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Table 3 CNOP-Ps calculated for parameters optimized
alone for different optimization time and different sizes of
the parameters uncertainties

CNOP-Ps i

bl 1%& 1%& 5%& %&  10%&  10%&
24 fH 10yr 20yr 10yr 20yr 10yr 20yr
& 10 —001 —0.01 —005 —005 —01  —0.1
& 10 —001 —0.01 —005  —005 —01  —0.1
A 01 0.001 0.001 0.005 0.005 0.01 0.01
s 10 0.01 0.01 0.05 0.05 0.1 0.1
& 10 —001 —0.01 —0.05 —005 —01  —0.1
7. 0.1 0.001 0.001 0.005 0.005 0.01 0.01
e, 10  —001 0.01 —0.05 005  —0.1 0.1
£ 05 0.005  —0.005 0025 —0.025 005 —0.05
B, 01  —0001 —0001 —0005 —0.005 —001 —0.01
g, 10  —001 —0.01 —0.05 —005 —01  —0.1
@, 01  —0001 —0001 —0005 —0005 —001 —001
a4 032 —00032 —00032 —0016 —0016 —0.032 —0.032
a, 09 0.009 0.009 0.045 0.045 0.09 0.09
g 10  —001 —0.01 —005  —005 —01  —0.1
K 04 0.004 0.004 0.02 0.02 0.04 0.04
g 07  —0007 —0007 —0035 —0035 —007 —0.07
g 10 0.01 0.01 0.05 0.05 0.1 0.1
g 10 0.01 —0.01 005  —005 01 —01
o, 06 —0006 —0006 —003 —003 —006 —0.06
k' 10 0.01 —0.01 005  —0.05 01 —0.1
g 10 —001 —0.01 —005  —005 —01  —O0.1
g’ 10 —001 —0.01 —0.05 —005 —01  —0.1
A, 0015 —0.00015  0.00015 —0.00075  0.00075 —0.0015  0.0015
K, 05 0.005 0.005 0.025 0.025 0.05 0.05
g, 07 —0007 —0007 —0035 —0035 —007 —007
g, 10 0.01 0.01 0.05 0.05 0.1 0.1
g, 10  —001 —0.01 —005 —005 —01  —O0.1
A, 0015 —0.00015 —0.00015 —0.00075 —0.00075 —0.0015 —0.0015
K, 07 0.007 0.007 0.035 0.035 0.07 0.07
g, 07  —0007 —0007 —0035 —0035 —007 —007
g, 10 0.01 0.01 0.05 0.05 0.1 0.1
a 03 —0003 —0003 —0015 —0015 —003 —0.03
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x4 [EF3, BH32MEXSHERLN
Table 4 Same as Table 3, but for 32 model parameters
optimized simultaneously

CNOP-Ps {f

PRIE  lopg 1%& S%&  S%&  10%&  10%&
24l 10yr 20yr 10yr 20yr 10yr 20yr
& 10  —001  —001 0.05 0.05 0.1 0.1
&, 10 —001  —001 0.05 0.05 0.1 0.1
B. 01 000l 0001  —0005 —0005 —001 —001
£ 10 00 001  —005 —005 —01  —0.1
&, 10 —001  —001 0.05 0.05 0.1 0.1
7. 01 0001 0001 —0005 —0005 —001 —0.01
&, 10 001 001  —005 —005 —01  —01
B 05 —0005 —0005 0025 0025 005 005
B 01 0001 0001 —0005 —0005 —001 —001
& 10 001 001  —005 —005 —01  —01
@, 01 0001 0001 —0005 —0005 —001 —001

H 032 —0.0032 —0.0032 0.016 0.016 0.032 0.032
a; 09 0.009 0.009  —0.045  —0.045 0.09 0.09

& 1.0 0.01 0.01 —0.05 —0.05 —0.1 —0.1
K 04  —0.004 —0.004 0.02 0.02 0.04 0.04
g 07  —0.007 —0.007 0.035 0.035 0.07 0.07
g 10 0.01 0.01 —0.05 —0.05 —0.1 —0.1
g 1.0  —001 —0.01 0.05 0.05 0.1 0.1
¢, 0.6 0.006 0.006 —0.03 —0.03 —0.06 —0.06
x 10 —001 —0.01 0.05 0.05 0.1 0.1
g 10 0.01 0.01 —0.05 —0.05 —0.1 —0.1
g 10 0.01 0.01 —0.05 —0.05 —0.1 —0.1

A, 0015 000015  0.00015 —0.00075 —0.00075 —0.0015 —0.0015
K, 05 —0005 —0.005 0.025 0.025 0.05 0.05
&, 07 —0007 —0.007 0.035 0.035 0.07 0.07
£, 10 0.01 001  —005  —005  —0.1 —0.1
£, 10  —001  —001 0.05 0.05 0.1 0.1
A, 0015 —000015 —0.00015 000075 000075 —0.0015 —0.0015
K07 0.007 0007  —0035  —0.035 0.07 0.07
£, 07 0.007 0007  —0035  —0.035 0.07 0.07
£, 10 0.01 001  —005  —005  —0.1 —0.1
@ 03 —0003 —0.003 0.015 0015 0.03 0.03
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Fig.3 Same as Fig. 2, but with error size of 5% in the parameters uncertainties
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