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Evaluation of CMIP6 models in simulating the sensitivity of LAI
to temperature and precipitation change over China
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Abstract: Evaluation of climate and vegetation status in earth system models (ESMs) is
fundamental to understanding climate change, terrestrial ecosystems, and the carbon cycle. In this
study, the temperature, precipitation, and LAI in the growing season over China from eighteen
ESMs of the Sixth International Coupled Model Comparison Project (CMIP6) were evaluated
based on site observation and remote sensing data. Then, a multiple linear regression model was
used to quantify the sensitivity of LAI to temperature and precipitation, and to evaluate the ability
of the CMIP6 model to simulate the sensitivity of vegetation in geographical and climatic
spaces. At last, the models with a better simulation performance were selected. The results show
that (1) Most models can simulate the spatial distribution of temperature, precipitation, and LAI in
the growing season, but there are obvious deviations in their mean value and change trends. (2)
Compared with the observation, the simulation ability of LAI sensitivity to temperature and
precipitation showed that the simulation of the positive region was better than the negative region,
and the sensitivity of vegetation in ecotone was greater than that in China. There was a large
deviation in the amplitude of vegetation sensitivity and its distribution in climate space (i.e., the
corresponding relationship with climate field). (3) Comprehensively based on evaluations above,
CANESM5-CanOE, INM-CM5-0, IPSL-CM6-LR, and MPI-ESM1-2-LR have the best
performance on simulations of vegetation sensitivity to climate during the growing season in
China.

Key words: CMIP6, Temperature, Precipitation, LAI, Vegetation sensitivity, Evaluation of

historical experiment
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(Nemani et al., 2003; Wu et al., 2011; Jong et al., 2013; Peng et al., 2014; Seddon
etal., 2016; Jung et al., 2017) .

TR NS A AR A0 ) BRI 2 48 U AR R AR A N A 35 R G sy = A A
BRI R, N9 710 Sk 4 i 4> (Solomon et al., 2007) . JE
AT TR AR RO U AR A ) U P B A U R S R A XA, R
WIRARAATE 5t TR A RGEH A AN AR . AT 7 AP SR A AR AU A B
A0 e A i N AROR AR AEAS RS HA S ) (Nemani et al., 2003; Dan
etal., 2007; Tourre et al., 2008; Wu et al., 2011; Verbylaetal., 2015) .
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AR ST (Friedlingstein et al., 2014; Bao et al., 2020; Cook et al., 2020; Song et
al., 2021) .
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Fig.1 The distribution of ecological vulnerable zones in China
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Table 1 The eighteen CMIP6 ESMs used in this work

A4 BT R it T AR 2 IIHER (B
ACCESS-ESM1-5  CSIRO (# K AilF) CABLE2.4 1.8751.241°
BCC-CSM2-MR BCC (1) BCC-AVIM2.0 1.125°<1.125°
CanESM5 CCCMA (I k)  CLASS3.6/CTEM1.2  2.81259<.8125°

CanESM5-CanOE CCCMA (J1%EK)  CLASS3.6/CTEM1.2  2.8125<.8125°

CESM2-WACCM NCAR(ZEH) CLM5 1.25°0.9375°
CMCC-CM2-SR5 CMCC (&= KH) CLM4.5 1.250.9375°
EC-Earth-Consortium
EC-Earth3-Veg LPJ-Guess v4 0.703125.703125°
(k)
FIO-ESM-2-0 FIO (h[H) CLM4.0 1.250.9375°
INM-CM4-8 INM (&% ) INM-LND1 2%1.5°

INM-CM5-0 INM (1% 1) INM-LND1 2%1.5°
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IPSL-CM6A-LR IPSL (#£H) ORCHIDEE v2 2.5°%1.259<

MATSIRO6.0+VISIT

MIROC-ES2L MIROC (H &) 2.8125.8125°
-ev1.0

MPI-ESM1-2-HR MPI (i %) JSBACH3.20 0.937529.9375°

MPI-ESM1-2-LR MPI (i %) JSBACH3.20 1.875%1.875°

NorESM2-LM NCC (M) CLM5 2.5%1.875°

NorESM2-MM NCC (M) CLM5 1.250.9375°
AS-RCEC (v H & CLM4.0

TaiESM1 1.25%0.9375°

%)
UKESM1-0-1I MOHC (5 [E) JULES-ES-1.0 1.8751.25°
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Fig.2 (a—b) mean annual temperature, (c) bias (unit: °C) (d—e) variation trend, P<0.01



(unit: °C/yr) in the growing season of 1982~2014, (a) and (d) are from observation, (b) and (e)
are simulated by MME (the region passed the 99% confidence level is marked by black dot)
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Fig.3 (a—b) mean annual precipitation, (c) bias (unit: mm) (d—e) variation trend (unit:
mm/yr) in the growing season of 1982~2014, (a) and (d) are observations, (b) and (e) are
simulated by MME (the region passed the 99% confidence level is marked by black dot)
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Fig.4 (a—b) mean annual LA, (c) bias (unit: m?/m?) (d-e) variation trend (unit: m2/m?2/yr)
in the growing season of 1982~2014, (a) and (d) are observations, (b) and (e) are simulated
by MME (the region passed the 99% confidence level is marked by black dot)
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Fig.A2 The distribution of the vegetation sensitivity to precipitation (Br: m?m?/mm) under
climatological temperature (T¢) and logl0-transformed climatological precipitation (logPc)
conditions in the growing season averaged over 1982~2014 (all grids with the specific
combination of T and logP. and resampled into bins with a T interval of 0.5 <C and a logP.
interval of 0.05)
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Fig.8 Area - averaged LAI sensitivity to (a) temperature (Br: m?/m?/°C) and (b)
precipitation (Br: m?%/m?/mm) in the growing season over China and typical ecotone from
observation and CMIP6 models
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Fig.A3 The symbol consistency among observation and models for the sensitivity of LAI to
(a) temperature and (b) precipitation over the climatic space
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