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uptake potential of tree planting or reforestation as means to achieve carbon neutrality6Xi
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CP#FGMX1 L#This version of TEMIR does not dynamically simulate PFT coverage and structural parameters,
thus competition among different plant strategies or adaptation to environmental changes such as climate

change and air pollution is not simulated. The effects of land use and land cover change (LULCC) or changing



plant type distribution due to adaptation can only be included by user-modified prescribed PFT fractional
coverage or LAI data obtained externally from other models or studies. These input data can however be
updated every simulation year to represent continuous LULCC over interannual to multidecadal timescales.
Model development for a full carbon cycle for both natural vegetation and crops (Tai et al. (2021) is actively
ongoing.X#
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C\E{FE1O: influences in the current version of TEMIR are limited to vegetation physiological and productivity
responses. Intra- and interspecies differential sensitivity to O: can cause competition (Agathokleous et al.,
2020), affecting some species more than others in terms of biomass, flowering and seed development, and thus
impacting community composition, PFT fractional coverage and biodiversity (Calvete-Sogo et al., 2016;
Fuhrer et al., 2016; Emberson, 2020). This can also be seen among functional groups; e.g., perennial species
retains more aboveground biomass than annuals, and angiosperms are more prone to O damage than
gymnosperms, thus giving possible long-term biodiversity effects (Agathokleous et al., 2020). Such effects are
further also complicated by soil conditions (e.g., water and nitrogen content), and spatial heterogeneity
whereby regional strategies might differ within functional groups requires more studies to obtain observation-

based parameterization.X
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whereby the PFT-specific LAI that TEMIR requires is then scaled accordingly. This version of TEMIR does
not dynamically simulate PFT coverage and structural parameters, thus competition among different plant
strategies or adaptation to environmental changes such as climate change and air pollution is not simulated.
The effects of land use and land cover change (LULCC) or changing plant type distribution due to adaptation
can only be included by user-modified prescribed PFT fractional coverage or LAI data obtained externally
from other models or studies. These input data can however be updated every simulation year to represent
continuous LULCC over interannual to multidecadal timescales. Model development for a full carbon cycle
for both natural vegetation and crops (Tai et al. (2021) is actively ongoing.”#
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With the capacity of the current version of TEMIR, our simulations address these aspects by changing the
input data of LAI and PFT fractions derived from LULCC, for yearly and higher frequencies. LULCC can
drive large regional changes, though recent LULCC mostly reduces GPP (due to urbanization, agricultural
expansion, and deforestation), counteracted partly by CO- fertilization effects (Wu et al., 2023), thus the
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types (PFTs), and one land type for unvegetated land or bare ground. Each model grid cell consists of a mosaic
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COg#FGED#l [#We also note that as the model mechanisms are essentially resolution-independent, the model can
be straightforwardly modified to conduct simulations at higher resolutions as long as the corresponding input
data are provided.X#

C\G#FGHD¢1 [ #This highlights that generalization and the coarse resolution of the MERRA-2 dataset used (due
to computational limitation and necessary consistency with other input datasets) can drastically overlook

regional and small-scale nuances. [ X#
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JIK+ES$#3'+'$#,0/#"+*0=+I3+"*'+(#/-+/'391/#"102+I>(K+/#"+%#$% L$#" (+1 24"+ 50('$:
#
B - % 0) B 20, US55 - L (F, -0 %= (T (i, D% (T (114/)84)% - 4-44%/ () . 3" 2#) #CHEFODE
1l K
! * ' 4 ! %(( '
012 3#$%&4"—%( 6789: <=>?7@
) , %' CDE %, $ A (G COE %, $ Fo(G@ )
| *OA2'3.,. B 1" CDE,%, $ F,(G H 6789 <=>?@
where ! 4 (umol CO- m* s™) is the dark respiration rate; "o "1 and "g are 0.3, 0.2 and 1.3 K, respectively; ",
", and "( and 313.15, 288.15, and 328.15 K® respectively; # is leaf temperature (K); and 4. !%(( and
4y g0, P (' are functions to adjust for variations due to temperature (Bonan et al., 2011). All of the parameters
$-,%,.,#,! 4 &, &, 'y, ' .) are temperature-dependent and scale with their respective PFT-specific
standard values at 25°C by different formulations. Temperature acclimation of $+- and %, from the
previous 10 days as well as daylength dependence of $++. is implemented as default options. These are all
detailed in Sect. 8.2 and 8.3 of Oleson et al. (2013).X#
+

J_K+B*+BZA7>+%02"#! 231 8##44630!$+50('$:+P0'3+"*13+30!$+50('$+*# @ '+%#/,02+%04%$! 2. +#2 (+=#"/+"[#2390/"+9/0%'3

TANIBOOM#%24+ , ) 1EL+& (24 (%" 1% %%t , -0"'#1%) " #4-/9% . $4 2 4%) . 3;# . /b 1%) §B-+" 4/ - _ 18%/+64] %) '#B-+""/4)148/"'14/)9" (#2/% 54
NABB T <Gait, ) 1) 15 %BE(""14/)9" (#) ) - #COMEFQE] I consistent with and constrained by the input soil moisture and
model structure of MERRA-2. [#X¢

106 #4-/9% #4:4") . 3918 ("0 UBS" HiB, )4, HNS8')5" 1t "M/ 18%.. (). 34~/ 447 4") . 38) . ~1&/-"H0"3"4=4)lh B¢
L&//" 4" =4 "B 0" [1)h BT APNIBE , ~184-/% . #42 4%) . BE2N/EAIHBLIKT -8 H="5:AGMGONGE W "8+, = %+, "4/"0)"B" 1 0h/i+, "t
55" - (¢,-0" . UBi"28'-). " (b, ) LS/ 54" -/ 2k

CP#FGM)1 L £This version of TEMIR lacks a full carbon cycle, thus these structural parameters are prescribed
as model input data. [ Model development for a full carbon cycle for both natural vegetation and crops (Tai

et al., 2021) is actively ongoing.X#
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WH/5&" ). #) .# LF/NEBGEKWOG. - . £"'5 "6:EGMOGaE_""1%. #""4# ="6: GMONNGE YOh/4+, " 20" A4k0A8 " A4 0024 /043" 444" 4+ "
O14810)% . £)1 . BB ()2)" (- L6208 %108

C\PHF\D#I 57,4 ,-.3). 38 )t/%3" _4(""8%L)+)%. #(&" " #k- . +, /%8%3" . )At-4+)0)) " LS - 4" )*"B)1"H) . 2'&" . 4", ") "' /-41)% . 1t
9"t 403" -4)%. HL_-#-. (¢ _#Kb, -%#"+#-"6;4CGMOUak F)&4 "'+ - "6;#GMGON;iwhereby nitrogen can limit CO--promoted

growth (Wang et al., 2020) or modify vegetation responses (e.g., for ( 1; Hu et al., 2021) with further implications

on soil and nutrient cycling (Terrer et al., 2021). ~ 1i-+5%18,"/)4i4%58%1)+)%. #/-8) (" =44, - . 3"1#) .+, "§. " 244" +&/ = #
£, A-400"5", - )15 11, %8 (#9M 4% . 1) (U (RSB /1Y S/ /8L L 4-4)0™ - L (F-44&S -+ 14 B% (M,
284&S HA-1+ 12 1+ I G368 -+ "% PB) A0k +-"0; {GMMUatC & "+ "0;§GMOUa# ] ) 4-/ (' +-"6;4GMOUatY /- . @%- . (#b-", """ #GMGOatF"& . 3¢
"'+ "6, 5GMGGNGX#
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C\G# FOPDi ISimulating crops in ecosystem modeling remains particularly challenging (Deryng et al., 2016;
Chopin et al., 2019; Muller and Martre, 2019; Boas et al., 2021), as it combines the nuances in phenology,
physiology, coverage, and active human management with high spatiotemporal variations (Monfreda et al.,
2008; Emberson et al., 2018; Ahmed et al., 2022; Gleason et al., 2022; Corcoran et al., 2023), which already
exist for natural vegetation to a lesser degree. One particular crucial aspect for improvement is to get crop LAI
correct, which is typically more challenging to measure than trees with large canopies and often varies to
greater extents with leaf orientations for different crops. More long-term ground-based and/or remote-sensing
measurements of crop LAI for different crop types across the world are particularly recommended, not only
as input data but also for model validation in future development. For especially site-level simulations, locally
relevant crop physiological and structural parameters should also be measured and used. Ongoing
development has already been attempting to enhance crop representation in a version of TEMIR with active

crop biogeochemistry (Tai et al., 2021) to improve and reconcile model inaccuracies.X

f
JAK+HO/+"*+ B5(@'$+3151$#"1026+=*4+(1(+40 1+ BRARIT 2" [#"102-+#"+"*+$'@'$+08+UeW+995@6+/#"* [+ #2+ 1312 +"*+#%
AT «602%'2" [#"102+(1/12.+"*+3"1 (4+9'10(

7, M0) BNk, - LEA 1A THBU) L+ (B8t , BT " TR (B4 1i- HEL_$A%._ 4" +/-4)0h EUEGMOMEK D &3 4% th- _ (4
7- . LHGMGGa F- 4" "¢ GMG\NGE 1 "¢/ 4%3 .)0" ¢+, "t 8U11)0""F) . ~44&/ A4 - 18 (™" (¢8/%(&A4)0) :#) 141" . 1))0 04 L_ -4



A0, 4" -4, 1A, )4, 8, ~160™ #4280/ (481) . BT ANIBE) - Yot "L+ (TS 3 H-"4) 4B/ BNGE W =" 10k¢ Ohs™"ts | ~+18-4) "¢
0-/)-0)" )1 HA2EL._ -#A% . 4" +/~+)h. $A- =" 1066A% _+/)O&+" st , L) LI&"IKL , " . 3" - ":4GMGGN 5+ , &3, ) 13" . "/="" - 4208 . (h0ht
95 L I/EKE"™ 4 4="6 GMOTaE 7) - . £+t GMGONGE NI/ 040" /4~ 141) 5) - HSU (") . BELH&()" 12" /""" (EL_~$4% . 4" +/-+)0h_
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C\G#F\Ol I [#Furthermore, CO- concentration was kept constant and spatially uniform in all simulations,
which enables direct comparison with other modeling studies, but ignores possible spatiotemporal variability
of CO- concentration (Cheng et al., 2022). Though such effects are usually minor on simulated GPP magnitudes
(Lee et al., 2018; Tian et al., 2021), uncertainties should be minimized anyhow, thus users are recommended to
use the measured CO- concentration, if available, as input for especially site-level simulations. Users are also
recommended to recalibrate relevant model parameters with site observations and available datasets (e.g., of

higher resolutions), such as LAIL, $:+. , PFT fractional coverage, etc., to yield the most accurate results.# [ X
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CGM#FED# 1 [ Overestimation of CH-Cha (A//%/piB"2"/" . 4" 1%&/4"% %t 2%& . (6(d)) is similar under FLUXNET
meteorology, which is likely due to disturbances from intensive site management (i.e., cutting, slurry
application and grazing, Imer et al., 2013; Merbold et al., 2014), which is a shortcoming of simplistic model
representation for crops. [ #X##
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W UHSUAR! (F) R /0", LR LS, 6. B%) . BELE(E /) A" BL)h ) E-H 088/ " LA)" 1)) MB-8 VB E -0
QL4811 B/ 24 . 1)0"™ o4, USBHF ~ 24, - . 3" 1t~ . (HO)-1" 145 - #%h . +/) 98 " 88 . 4"'/4-) . 4)"180628, " 14) 5 —+" (+FCCDE

C\GEFUDE I [HY%/%) . Lt- 4"k, /") -4 12 1" -0k & . (1" 1) 5-4)% 4 20%/% ('4) (8%&LE O/ %~ ("' -28 2%/ 1+ 154+, %&3 , # )k 4~ _#9"¢
"8'-) (91, & 4" 1-) ) L2E T ZE(—4- 1" LK) & H-"6;4GMOTatC - - 38"+ "6 4GMG\N;#- - (HL%5 "4/ 3)%.. 181, %p#()1+) . 44)0"
8, L)% %3:4-. (#8," . W'%3 - #%6263/- 11" 14 _ (#1,/8916:C-/+)A&" /" 420 /41" 5)-/) (1" 3)% . LS, /"t , "4/ - - 3" #4248/% (&4+)0)+ - #) 1
-[3"4, 5%, %P1E0-/)-9""4-448/-4 -6 In general, variability in prescribed LAI can be an important source
of uncertainty of the model results. Single-site sensitivity simulations show that GPP generally linearly
increases with LAI at low LAI, but as LAI becomes larger, GPP would increase less than proportionately due
to canopy shading effect. Such nonlinearity of GPP responses to LAI changes is less important for small
perturbations of LAI (e.g., less than 20%).X+
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)B&"-1)%. 1 B)t, ¢ -59)" .+ L_~# 4% 4" .+/-+)%.% 2)?" (% -+ \HWE 8850¢ -. (¥ (/)0".# 9:# GhiGight ~ABB <G surface
meteorology. A full list of MERRA-2 variables required for running gridded simulations of TEMIR is shown
in Table S5.% [ #X#
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CP#FOEDN I Each PFT has their own characteristic structural and physiological parameters (Table S2), detailed
in Oleson et al. (2013).¢ [ X
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