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BERNPDFRN (IAP-DGVM) FRFEINEAE

LIk E W 3 F R X ( Dynamic
Global Vegetation Model-DGVM) =2
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(Schweingruber et al, 2006 )




IBEHMNDFEEREIL (IAP-DGVM) BEFAINTA
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EHRMNDFIRA (IAP-DGVM) DRFANHE

Photosynthesis

&

' Growth &
Allocation

\ ¥
—\b ( , Litterfall
Reproduction : j Soil

Plant Respiration

Mortality

Respiration

7SI EISUR
MREETEfE: M (leaves) . #R (roots) . Z/i8#t (stems/sapwood)
FL#t Cheartwood)
KE1ER: BAIREFZHIGPP (Gross Primary Production)
R P2 FINPP (Net Primary Production) =GPP — Ra

(autotrophic respiration)
B4 /Z% (reproduction)  JE%&4) (litterfall) . 3ET=
(Mortality) « FF=MEIR (Heterotrophic respiration) =<
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IBEHMNDFEEREIL (IAP-DGVM) BEFAINTA
|AP-DGVMEI4S & Bl FIESGER A FHETS (Zeng et al., 2008; 2010) BEEMHIEINSEEARIS T,
HAZREHCLMARA.

(a) Shrubs 11.9% (b) Shrubs (Obs)
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BERNPDFRN (IAP-DGVM) FRFEINEAE

IAP-DGVM BV 45 & 6l Fhts s M F ¥t X015 annual fire carbon emissions (g C m™ yr™!) IAP]’i%

GFED3 (GFCE_21 Pg Cyr ) Mod-new ‘Cor=06 GFCE_2 0 Pg C yr ")
S¥B R (Lietal, 2012a; 2012b) — — — =]
BIEAHEE. HBREM=BS, =
AIRMAGIENEESAEHEIS (B w

L 6ON {2

- 3ON +

- 30S 4

——— T T
80 150W 120W 90W 60W 30W O 30E 60E 90E 120E 150E 180 180 150W 120W 90W 60W 30W O 30E 60E 90E 120E 150E 180

frEJLFRB) , BHREENE ;
e s . GI?P’FIRM MGFCE—3 5 Pg C yr ) Mean annual global burned area
. 1277 REHEENCAR CESM, S : 550
400
. | 324
GFDL-ESM, [ 4/REBEISM, I =
5 2s0- //
Z K CanESM. BCC-CSMZ [E A 4h . | A |E ™
’ e 150 +~ 93
1 s 7 = 2 180 150W 120W 90N 6OW 30W O 3OE 60E OOE 120E 150E 180 100 // = 54
BR&ERA, BERLREHEY oS E RS RG] e &5
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K*%:_Eto GFEDvZ Mod-New Mod-old Glob-FIRM




BERNPDFRN (IAP-DGVM) FRFEINEAE

IAP-DGVM4F & BIFER B AR HZHETT/FZESFE (Song et al, 2016) REXHLHKFHRRHMEBEEE,

M A= BRI RE ;
90N 90N A
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BRENFML (AP-DSVM) HREN

IAP-DGVME LI 5CAS-ESMiIFEE, =CAS-ESMHIEE

AR ER ST ;
ﬁlﬁit BRZHR Hfﬂi#;{i SE
Vo IAP AGCMS5.0 Zhang et al. (2020)
ke = Liu et el. (2012)
A el RS Jin et al. (2020)
B T CoLM RUKE/dEik Daietal. (2003)
3k CICE4 LNAL, USA
SUFEMSAER IAP AACM KSR Wei et al. (2019)
, — Zeng et al. (2013)
AR L 2B RS Zhu et al., (2018)
SIEE I BRI IAP OBGCM A5 Xu et al. (2013)
CAS-ESM2.0 BEMAEMBERILS:  ColM IFA Ji and Dai (2013)

Chinese Academy of Sciences
Earth System Model

FEMNFRERAGMR
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BERNPDFRN (IAP-DGVM) FRFEINEAE

IAP-DGVMEE 5 EZ1EFCAS-ESM23 £ TkiE# & 5 E Mk B = RURIIEE /1, HCAS-ESM2A TR ETkIEHE)
SEESSENEEEREHREET A,

= (%) ERiEE (PgClyear)

Kf: CoLM-DGVM
Tfa: IAP-DGVM

/R B

By A BAREFS SIS
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SCIRE

IAP-DGVM X EJHREF X4

YIHBIFEFA Ihge

IAP_DGVM.F90 BN DR ERER

subroutine BuildNatVegFilter FiEF: ¥BEREEEREE

subroutine Reproduction FEF: ITERTMHFEFNENE

subroutine Turnover FER: BE

subroutine Allocation FER: ROBERESRS

subroutine Light FIEF: KT

subroutine Mortality FEF: £KhefsiEIe

subroutine Fire FER: KT

subroutine Establishment FIERF: BELT

subroutine Kill FER: BFRILTRIPFT

subroutine ResetBareFPC TFERF: ERRLBEE
IAP_DGVM_daily.F90 BRI R REEFER

subroutine Phenology FERF: R

subroutine Respiration FiERF: BFETR

subroutine LitterSOM FER: gk T EEKR

on - 13
IAPFireseason.F90 KRR FFER



S FEE-BFEMFER (DGVMRespiration.F90)

> E % . CAS_ESM 2/5rC/mOde|S/| nd/COImlsrC/mai nc Net primary production or dry biomass increment, Am (ug biomass m™ pft area

2 , s L s™), summed annually gives annual net primary production, NPP (g C m™ pft area):
> Dhfg: 1920 B IR ALFRIR L7 7

Am =285 (4—R,) (Eq. 8)
Net primary production is defined as plant photosynthesis, 4 (see section &, Ole- endofycar
primary p plant photosy ( NPP= 3 Am-Ar-05x10°° (Eq.9)
son et al. (2004)) minus autotrophic respiration, R,, where R, is given by: e
R,=R,+ Ry, (Eq. 1)
where R, 1s growth respiration and Ry, 1s the sum of maintenance respiration for leaves, frm frmf = frms = frmr

| . . .
Ricat, $apw0o0d, Rsapwood, and 1oots, Rrco: I growth respiration and production

fr 0.25 max(assim frm, 0.0 Ichanged to ma-
Ry =0.25 (4~ Ru) (Eq.2) regpc frm + f rt_(] ) )
_ I npp gC/m2 vegt'd area /step
Rin = Ricar  Rsapwood * Rraot (Eq.3) dnpp = (assim - respc) * dmcf © 0.5 * dtime * fpcgrid
6
R, zr.k@gﬁ.g(ﬂ.M (Eq. 4) frmf respcoeff k © lm_ind nind 1 _cton &
Cljy 28.5-FPC tfl * dphen * 2.0 / dmcf / fpcgrid
frms respcoeff k © sm_ind nind s _cton &
B ol 2%10° P tfl 2.0 dmcTf fpcgrid
R =7-k—=5=0-8(T) S0~ (Eg. 5) frmr = respcoeff * k * rm_ind * nind / r_cton &
oot tf2 * dphen * 2.0 / dmcf / fpcgrid
C 2x10°P
R =y fmved oy 2R Eq. 6
sapwood F g( ) 285FPC ( q ) 14

n sapwood



SHERE-FHFEP= (subroutine Reproduction)

> Hx: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90
> Oiee: PR TR TR E

The cost of reproduction, ACeprod, 18 assumed to be a constant fraction of annual real(r8), parameter :: reprod_cost = 0.1 I proportion of NPP lost tc
integer :: p, fp I pft index
net primary production, NPP. This fraction is set to 0.1 for all pfts (Sitch et al. 2003). Re- real(r8) :: reprod + temporary

productive structures enter above ground litter, (7 4, directly. NPP is reduced by the I Compute reproduction costs

same amount: fp },num_natvegp
p = filter_natvegp(fp)
Crag = CrLag + ACreprod (Eq. 11) I Calculate allocation to reproduction
I Reproduction costs taken simply as a constant fraction of annual NPP
NPP = NPP — ACreproa (Eq. 12)

reprod max(bm_inc(p) reprod_cost, 0.0)

I assume the costs go to reproductive structures which will
I eventually enter the litter pool

litter_ag(p) litter_ag(p) reprod
! Reduce biomass increment by reproductive cost

bm_inc(p) bm_inc(p) reprod

15



SHEIER-FAZE (subroutine Turnover)

> Hx: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90
> DiRe: THEAYIE R ZHAN

The amount of living carbon that enters the above and below ground litter pools

and the amount of sapwood that turns to heartwood annually are calculated given pft-

I Calculate the biomass turnover in this year
AC‘[urn = Cleafﬁeaf + Csapwood]{sapwood + Crootﬁoot
Im_turn = Im_ind(p) 1 torate

sm_turn sm_ind(p) s_torate

ACheartwood = Csapwoodfsapwood rm_turn rm_ind(p) r torate

I Update the pools

ACT .0 = C P
L.ag baﬁfkaf Im_ind(p) Im_ind(p) lm_turn

sm_ind(p) sm_ind(p) sm_turn
ACL by = Crootfroot P rm_ind(p) rm_ind(p) rm_turn
I Convert sapwood to heartwood

hm_ind(p) hm_ind(p) sm_turn
I' Transfer to litter pools

litter_ag(p) litter_ag(p) lm_turn nind(p)
litter_bg(p) litter_bg(p) rm_turn nindép)



SHAFE-RK9 88 (subroutine Allocation)

> H=x: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90

1) Leaf area, LA (m” of leaves per individual), is proportional to the sapwood hm ~ hm_ind(p)

csum bm_inc_ind(p) Im_ind(p) rm_ind(p) sm_ind(p)

cross sectional area, SA (m” of sapwood cross sectional area per individual), according to gt & e

rou - wooddens
k_a2 - allom2(ivt(p))

. D) . : . : . k_a3 - allom3(ivt(p))
the “pipe model” (Shinozaki et al. 1964a,b; Waring et al. 1982): Lotarmlp) = Enit: Lotoratn)  weesl
k_rt = 1.0 / lmtorm(p)

_ . mo - 0.0
LA - kla:sa SA (Eq 22) 1rm“1 csum (1.0 k_rl) !give a guessed value of above ground cpool.
) L. B . err_hm - eps_alloc + eps_alloc !
2) Leaf mass, Ciear (g C per individual), is proportional to root mass, Croo (g C per n_step - 0
#ifdef DGVM_BUGON
. - . . . , 'wscal', wscal, annpsn(p), annpsnpot(p), k_rl, lml, csum
individual), with greater allocation to roots as water stress increases: #endif

! Avoid unbelievable value for very small lm. Modified by zhq ©@09/14/2010
! do while ((lml - 1m@) > eps_alloc .and. (err_hm > eps_alloc .or. err_hm < -eps_alloc) .and. n_step < 25)
Cleaf: lrmax 0] Croot (Eq 23) ((lml - 1mO@) - eps_alloc (err_hm - eps_alloc err_hm eps_alloc) n_step < 25)
m (1mo 1ml) 0.5
rm=k_rl * lm
sm = csum - lm - rm

where I,y 1s the ratio of leaf to root mass assuming unlimited soil water (Table 2) and sa - In - ksla / k_lasa
hd ( )
dd ?ll:d k_gg;J sc?1.0 k_a3)
. . . . . . d = PI «25: % dd *.dd:* hd;
o (fraction ranging from 0 to 1) 1s the ratio of actual annual gross primary production to sEr.lure ro) % vd - mni~ i
(err_hm - 0)
0o = n
the potential annual production assuming unlimited soil water. Annual gross primary L= T
3) Height, H (m), and crown area, CA (m?), are allometric functions of stem di-
ameter, D (m):
H = 'kallorrlll)ﬁ:‘“mj (Eq 24)
CA = ko, D™ CA<15m’ (Eq. 25) 17

Where knl]uml = 1003 kallunﬂ = 401 kﬂllunﬂ = 05, and krp = 16



SHIRE-=F (subroutine Light)

> H=x: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90
> DiRe: THEEOL A

:‘u:%%é& *Xff>/%7k>$ fpc_shrub_max 1.0 - min(fpc_tree_total, fpc_tree_max)
FLITRT X fpc_grass_max = max(0.0, fpc_shrub_max - fpc_shrub_ total)
First, the fractional projective cover calculated in section 2.6 summed over all tree
(fpc_tree_total fpc_tree_max)
pits, FPCyody, 15 limited to 95% of the naturally vegetated landunit. Excess tree cover, _
(fpc_inc_tree 0.0)
FPCeycess, 1s removed from each tree pft in proportion to the pft’s FPC increment, excess (fpc_tree_total fpc_tree_max) &
fpc_inc(p) fpc_inc_tree

AFPCpft:

I excess = (fpc_tree_total - fpc_tree max) / &
AFPC ! real(ntree)
(Eq. 30) excess (fpc_tree_total fpc_tree _max) &
fpcgrid(p) fpc_tree total

FPC =(FPC_ . —0.95
excess ( woody ) AFPCWDOdy
The amounts of leaf, sapwood, heartwood, and root carbon (Cieat, Csapwood, Cheart-
wood, Croot) corresponding to FPCeycess are transferred to above and below ground litter,

Ci.ae and Cppe. The population density, P, of trees is adjusted accordingly, representing a

self-thinning process due to finite space in a grid cell:

p P FPCu (Eq. 32) nind_kill = nind(p) * excess / fpcgrid(p)

exeess FPC ’ nind(p) nind(p) nind_ kill

P =P — Pocess (Eq. 33) ! Transfer lost biomass to litter

Crag = CLag + Pexcess (Crear T Csapwood + Cheartwood) (Eq. 34) litter_ag(p) litter_ag(p) nind_kill (Im_ind(p) sm_ind(p) hmi%pd(p))

litter_bg(p) litter_bg(p) nind_ kill rm_ind(p)
CL.bg= CL,bg+Pexcess Croot (Eq 35) prgrld(p) Crownarea(p) nlnd(p)



S EE-FET= (subroutine Mortality)

> H=x: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90
> Dhag: tHEA KSR E

For each tree pft, a fraction of individuals is removed and converted to litter every heatstress = min(1.0, agddtw(p) ramp_agddtw)

I Calculate net individual living biomass increment

ear due to background mortality, mort and mortality due to heat stress, mortyeq:
y u grou ty, grefl> yau ’ heal bm delta = max(0.0, bm_inc(p) / nind(p) - turnover_ind(p))

mort,,... = uE (Eq. 41) I Calculate growth efficiency (net biomass increment per un

1+kmor12 'gl'eff IBUGFIX

GDD (lm_ind(p) 0)
mort, ., = T(;W 0 <morthen < 1 (Eq. 42) greffic 0.

greffic = bm_delta / lm_ind(p) sla(p)
mOﬂ:mOrtgreff+ MOTtheat OSITIOIJ[S | (Eq 43) !print * in(p) , 'greffic' , greffic
IBUGFIX

P=P—-P-mort (Eq. 44)

I Mortality rate inversely related to growth efficiency (Pr
mort = mort_max (1.0 k_mort * greffic)

I Reduce individual density (=> gridcell-level biomass) by
mort min(1.0, mort heatstress)

nind kill nind(p) mort

nind(p) nind(p) nind_kill

19



SR - NIER (subroutine Fire)

> Hx: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90. 1APFireseason.F90
> Difg: KTidE

Il ********fire occu rrence**********

\ 3T N ign-forc_i/3600.0 dti
quﬁ.ﬁ$ AD%& E*ﬁ%ﬁE i;:%g ELJE ;gbnmagl('gfé,'nintl.e,(;gg_col 1fuel) /(ufuel-1fuel)))
1S3

nfire=ign fb*fm_col"(1.0-max(0.0,min(1.0, (min(max(forc_rh,0.0),1.0)-0.3)/(0.7-0.3))))

l 1 TS
l__l_____ﬁT!____.l ______________ 1___'_ ___________ T ______ i | kxxdxatifire spread FkFkrrxdsk

spread_m=fm_coll (1.0 max(0.0,min(1.0, (min(max(forc_rh,0.0),1.0) 0.3)/(0.7-0.3))))

AAE || ABKIE | | SRR || BT | T3 0126.0" (1.0-EXP(-0.06" forc_wind))
I I

baf_1f-(g0“spread_m*fa_col"fd_1f/1000) *2*nfire PI“Lb_1f
 —mmm——— afirefracl-afirefracl+baf_1f

|

I

I (ivt 16)

| baf_Lf-min(baf_Lf,1.0)
|

|

|

': ! combustion first

| (ivt==1 ivt==2 ivt==4 ivt==9) I evergreen vegwhose leaf turnover rate is 1/2
! 1m_fire = lm_ind*ccl*baf 1f

I — ok i sy b R U 3 0 - - -

|

___"____________J[_“"______"_—___ e vegclass
1 1 'trees and shrubs

> » (vc vc==2)

??)’TX iéﬁéﬁ: sm_fire - sm_ind*(ccst 2.0)" baf Uf
. 2 PRIZ R hm_fire = hm_ind*(ccst/4.0)" baf_Lf

4’&7;%#@@ | rm_fire = rm_ind ccr baf_1f

| la_fire - ccd® baf_1f" litter_ag
T s acflux_fire_step-(lm_fire+sm_fire+hm_fire+rm_fire) “nind+la_fire

g A

} /A

““““““““““““““““““““““““““ 20
Lietal. (2012, Biogeosciences) Lietal. (2017, J. Climate)




S FEE-88%4T (subroutine Establishment)

> H=x: CAS-ESM2/src/models/Ind/colm/src/iap-dgvm/IAP_DGVM.F90
> Dhfe: Mg ki iE

estab_rate(p) = estab _max “soil lig 3lys (1.0-exp(5.0"(fpc_woody total-1.0))) * est pot tree(p) /est sum tree

— — — _5(1 Fwood )]
AP; = APpax (1 Fwoody) [1 Y estg S(W)
.............................................................................................. . 1
N =1 3 . o " .
TH%W (PFT) ﬁﬂ:%ﬁ : soil lig 3lys=grid wligbmon**2/(sqrt(2.0°PI)*0.4) exp(-(grid wligbmon-1.0)"*2/(270.4"*2))
HZETE ERE

: (grid_prec365 prec_min_estab npft_estab_tree > 0)
I Calculate establishment rate over available space, per tree PFT

: 1 FC. a : I Maximum Establishment rate reduced by shading as tree FPC approaches 1

glo 80 + ( - 80) : I Total establishment rate partitioned equally among regenerating woody PFTs

\ (fpc_woody total < 1.0) I new test at Aug 5, 2008, 2:43pm,try to avoid negetive nind

;

L=y *E‘?& I Calculate grid-level establishment rate per woody PFT
B :‘7‘ P : I Space available for woody PFT establishment is proportion of grid
ﬂi$ Em:z I cell ! not currently occupied by woody PFTs

estab_grid(p) - estab_rate(p) * (1.0-fpc_woody_total)

RS
ﬁj]EEﬁSIEI’Js-/ﬂI']

6-6 )2
S(w) = 29 p(- =5

etereeerrresmsseeeeessseressssseeesssseeeressseresmssereeannsereransrrrennnsrerannsrennnd b 21

Song et al. (2016, AAS)
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SR RE-SFFEIR (subroutine LitterSOM)

> H3¢: CAS-ESM2/src/models/Ind/colm/src/mainc/DGVMLitterSOM.F90
> DiRe: FAEFPUOL R

fmicr = cflux_litter _atmos + cflux fast atmos + cflux _slow_atmos
afmicr = afmicr + fmicr
fmicr = fmicr © 2.0 / dmcf / dtime

fmicr = cflux_litter _atmos + cflux_fast_atmos +
cflux_slow_atmos

1, FEEYRSEE: cflux litter_atmos ! litter decomposition flux to atmosphere

2, TIERERSE: cflux _fast_atmos (BHudfE) + cflux_slow_atmos ({E2iZFE)

cflux_fast _atmos ! soil fast pool decomposition flux to atmos.
cflux_slow_atmos ! soil slow pool decomposition flux to atmos. 22



SR FRE-SFFEIR (subroutine LitterSOM)

> Hx: CAS-ESM2/src/models/Ind/colm/src/mainc/DGVMLIitterSOM.F90
> DiRe: FAEFPUOL R
1, EAEDRSER: cflux_litter_atmos

1, o EMMTAFYNEE
I Calculate carbon flux to atmosphere and soil 2 ’ *EE{]ﬁjﬁ

85 H
cflux_[litter_atmos = atmfrac litter_decom ‘ 3 y i-i%/m ;
e e e
7 4, TIREKE

e -
e s ;
— _ A/ //// 'Jl.itti;‘_cllgcom_ _layer(j) litterbg rootfr(j) (1.0_r8-exp(-k_litter(j)))
atmfrac = 0.7 rg |
- — = Litter_decom_bg - sum(Llitter_decom bg_layer) .
o DGVMtimevar.F90
: » . . oo
litter_decom litter _decom_ag + litter_decom bg el persl(3) dz()
- wligsum wliq(j)/denh2o + wice(j)/denice
- (porslsum 0.)
. . R wf(j) min(wligsum/porslsum,1.0)
lltter_decom_ag litterag (1.0_r8-exp(-k_litter(1))) 0o
trAEm AN
k_litter(j) = k_litterle temp_resp(j) * moist_resp(j) * dtime / (86400._r8 - 365._r8)
k_Uitter1e - 0.35_rs
A”"/’ 1
temp_resp(j)=exp(308.56_r8*((1.0_r8/56.02_r8)-(1.0_r8 (tﬁf_(j) 227.13_r8)))) moist_resp(j) 0.25_r8 + 0.75_r8 * wf(j)
. o TIEEKE

iiﬁhﬁx lss(nf_soil) ! soil temperature to 0.25 m (Kelvin) If(nl_soil) | soi'l. water as frac-:.-of whe 23



SR RE-SFFEIR (subroutine LitterSOM)

> H3¢: CAS-ESM2/src/models/Ind/colm/src/mainc/DGVMLitterSOM.F90

> ThRE: ARG RE

2, TIEWRENSD#R: cflux fast_atmos (T FE)

cflux_fast_atmos
cflux_slow_atmos

sum(eflux_fast_atmos_layer)
sum(cflux_slow_atmos_layer)

éflux;fast_atmos_layer(j) cpool_fast(j) (1.0 )))
cflux_slow_atmos_layer(j) cpgpl_slow(j) (1.0_r8-exp(-k_slow(j)))

_r8-exp(-k_fast(j

fastfrac - 0.985_r8 —

Ipoo'l._fasi(/]:’r)i cpool_fast(j) fastfrac * cflux_litter_soil_layer(j)
cpool_slow(j) cpool_slow(j) slowfrac cflux_litter_soil_layer(j)

", slowfrac - 1.0.r8 ~ fastfrac

fﬁ)ﬁg INTENT (inout) ;_;,_,,Ipoﬁf;fast(nl_soil) ! fast carlon pool
= INTENT(;_n,out')""':: cpool_slow(nl_soil) ! slow carbon pool
- , atmfrac - 0.7_r8
: < —— Boilfrac - 1.0 r8  atmfrac
j 1, 10

cflux_litter_soil_layer(j)

soilf rac litterfdecom_bg_layer(j )

+ cflux_slow_atmos (|Z2137F)

1, TIEWmEER

2, WTAEMNE

3, RAPTH

4, TIEBEEMTIEESKE

» ‘Iitter_decom_ag litterag (1.0_r8-exp(-k_litter(1)))

_EAEY

cflux_litter_soil_layer(1) cf'l.u;_LiHe‘féﬁil_layer( 1) + soilfrac * litter_decom_ag ,
j 1, 10 —
Uitter_decom_bg_layer(j) - litterbg * rootfr(j) * (1.0_r8 exp(-k_litter(j)))
REE
‘,,.",,.",,.,,,,,.,,,,.,,,,

HREYEE B ENTENT (in)

:: [foOtfr (nl_soil) ! fraction of roots in each soil layer
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E1TREYLE

» .[create_newcase -case testl -compset B1850C5X -res fd14_licom -mach bigdata_intel
> [testl.xxx.build

> Submit the job S Abuild2 A A A K! % Brcbuild2 3, £*clean_build

—-_——— - 4 == == = -

Jcreate_newcase -help 23 % 35 JF 49 i A7 4 5,| | Src.cam #define COUP_CSM
H 9 case, res,compset,mach— & &35 & ; src.cice ﬁggg?:e EES
-list <compsets or grids or machines> src.colm #undef USGS
./create_clone — clone xxx — case xxx src_colm_new #undef DyN
src colm old #define PFT
iZ fTcreate_newcase Jg ] 89 £ & A ‘src.drv ﬁgg%g: E%,/IM
env_mach_pes.xml : % & cpufhk src.licom #define SPMD
srclsg'[_c #define CMIP

env_run.xml D X B IBATHFE], restartIn F

#undet VEGDATA
src.share #undef BNUDGVM
[#define IAPDGVM]

#undef FHNP

#undef FTF

#undef NP

#undef GWUSE 26
#define DUST

SourceMods : A5 B X ARG B4 A
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Ind_In

B1850C5X IAPDGVM C02C-colm-0450-01.nc
8clmexp . . B1850C5X_IAPDGVM_C02C-colm-0450-02.nc
fsrf = 'CoLM-srf-TAP-CMIP-128x256 B1850C5X_IAPDGVM_C02C-colm-0450-03.nc
'fini = 'B1850C5X_IAPDGVM-colm-restart B1850C5X_IAPDGVM_C02C-colm-0450-04.nc
I fsbc = 'B1850C5X_IAPDGVM-colm-restart B1850C5X_IAPDGVM_C02C-colm-0450-05.nc
fdust = 'CoLM-surf-dust-128x256' B1850C5X_IAPDGVM C02C-colm-0450-06.nc
fnig = '1g2004.nc' B1850C5X IAPDGVM C02C-colm-0450-07.nc
startup _date =1,1,0 B1850C5X_IAPDGVM_C02C-colm-0450-08.nc
frivinp rtm = 'rdirc.05"' B1850C5X_IAPDGVM C02C-colm-0450-09.nc
Ind_cflux_year =1 B1850C5X IAPDGVM CO02C-colm-0450-10.nc
co2 type = 'prognostic’ B1850C5X IAPDGVM C02C-colm-0450-11.nc
co2_ppmv _ 284.7 B1850C5X_IAPDGVM_C02C-colm-0450-12.nc
Thist_yearly = .true. B1850C5X_IAPDGVM_CQ2C-colm-8450.nc
lhist_monthly = .true. AmdT&
lhlst_dally = ,false. float gpp(time, lat, lon) ;
Lhist 3hourly =__false gpp:lopg_name;/“cg;bon mass flux out of atmosphere due to GPP on land" ;

: — :units = " m~2/s" ;
%on_pO}nts ~ igg ggg:ﬁu\/ameg: -9999.f ;
at-1301rrts - float npp(time, 1lat, lon) ;

dtime = 1800 npp:long_name = "carbon mass flux out of atmosphere due to NPP on land" ;
, npp:units = "kg/m"~2/s" ;
npp: FillValue = -9999.f ;

ST

float pftFrac(time, pft, lat, lon) ;
pftFrac:long _name = "faction of each PFT on gridlevel" ;
pftFrac:units = "percent" ;
pftFrac: FillvValue = -9999.f ; 27
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1) NetCDF : ncdump ***.nc |less

2) NCO
ncra  filel.nc file2.nc avgfile.nc G=2)
ncrcat filel.nc file2.nc outl2.nc (# L)
ncea filel.nc file2.nc file3.nc outnc (H£4F39)
ncdiff filel.ncl file2.nc diff.nc (£ %)
ncks -v T, U in.nc  outnc (R #r&T,U)
ncrcat -x -v T,U filel.nc file2.nc outnc  (f& 7T, U)

NCO homepage:

http://nco.sourceforge.net

Reference Manual:
http://nco.sourceforge.net/nco.html#Operator-Reference-Manual

3) ncview file.nc
4) ImageMagick (display, convert)

convert — adjoin — delay 30 TLAI*.ps TLAILgif
5) % ¥ @ (Diagnostics Packages)

28
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BT RELIE-NCL

yro=470
yrl=483
nyr=yrl-yr0+1
i=yr0,yril
t=i-yro
yr=sprinti("%0.41i",1)
datas=output+case+"/run/"+case+"-colm-"+yr+".nc"
datas_in=addfile(datas,"r")
bare(t,:,:) =datas_in->bare(0,:,:)
tree(t,:,:) =datas_in->treeFrac(0,:,:)

path_d="/public/home/zhujiawen/work/CAS-ESM2/output/" shrub(t,:,:)=datas_in->shrubFrac(0,:,:)
path_f="/public/home/zhujiawen/work/ncl/B1850_IAPDGVM/picture/" )= in-> '

e asen 14804 _qian fdl4" grass(t,.:.? qatas_ln .grassFrac(O,.:.? .
: case="BNUDGVM_T4804_qgian_fd14" fc_pft(t,:,:,:)=datas_in->pftFrac(0,:,:,:)
;case="IAPDGVM_I4804 gian_fd14" Ielete (datas_in)

; case="IAPDGVM_test"
case="B1850C5X_IAPDGVM_C02C"
; case="B1850C5X_IAPDGVM_C02C"
;case="11850"

; case="B20TR_IAPDGVM_CO02A"
;run ="run_yloo"

run ="run_150"
;========= run FC_eq.ncl

yrl =400
system("export path_d="+path_d+"; export path_f="+path_ f+"; export case="+case+";export run="+run+"; export yr0="+yr0+"; export yrl="+yrl+"; ncl FC_eq.ncl")

system("export path_d="+path_d+"; export path_f="+path f+"; export case="+case+";export run="+run+"; export yr@="+yr0+"; export yrl="+yrl+"; ncl FC_BET eq.ncl")
system("export path_d="+path_d+"; export path_f="+path f+"; export case="+case+";export run="+run+"; export yr0="+yro+"; export yrl="+yrl+"; ncl FC_NEB eq.ncl")
system("export path_d="+path_d+"; export path_f="+path_f+"; export case="+case+";export run="+run+"; export yrO0="+yr0+"; export yrl="+yrl+"; ncl TREF_line.ncl")
j========= run FC_har.ncl

yrl =384
system("export path_d="+path_d+"; export path_f="+path_f+"; export case="+case+"; export run="+run+"; export yr0="+yr0+"; export yrl="+yrl+"; ncl FC_bar.ncl")
system("export path_d="+path_d+"; export path_f="+path f+"; export case="+case+"; export run="+run+"; export yr0="+yr0+"; export yrl="+yrl+"; ncl FC_PFT.nch@;
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IAP-DGVM

(al) Tree (IAP)

(d3) Barle (HSWID)
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PRANMAB2-ERNEARSIZZRE (RCP8.5) RIMMMH

1972-2004 X5 5@ IE
IEIT33MERE

IE1T6608E X4
1972-2004 X5 5818 #1E

o 1972-2004 #4E: KBHQianetal, 2016

| 2081-2100 FIE : Ve (i) = RCP8S 5051-2100 — HISE 1981-2000 + Voian (i), i = 1981,1982, ..., 2000

HR LS
(Pre)

i I
(RCPS8.5)

Model name

[~

&t’

References

ACCESS1.3
BCC-CSM1.1(m)
BCC-CSML1.1
CNRM-CM5
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
GISS-E2-H
GISS-E2-R
INM-CM4
IPSL-CM5A-LR
IPSL-CM5A-MR
MIROC5
MIROC-ESM-CHEM
MIROC-ESM

MRI-CGCM3

(Bietal 2013)

(Wu et al. 2014)

(Wu et al. 2013)
(Voldoire et al. 2012)
(Griffies et al. 2011)
(Dunne et al. 2012)
(Dunne et al. 2012)
(Schmidt et al. 2014)
(Schmidt et al. 2014)
(Volodin et al. 2010)
(Dufresne et al. 2013)
(Dufresne et al. 2013)
(Watanabe et al. 2010)
(Watanabe et al. 2011)
(Watanabe et al. 2011)

(Yukimoto et al. 2012)
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PRANMA2-EHENRESIEZR (RCP8.5) RIIWMIAF

3‘0 M P | L 1 1 sl gy 3 3.0 T PR TS e | L 1 -
0 1@ | 2040 . . :
R oo =% 2 00 P :
2,0 - a2 P R 4 2.0 { NEB:R? = 0.23(P<0.1) ° :
29 1 NEB:R? = 0.80(P<0.001) L a0 20 (P<0.1) 30
- - 1 : = 1.
/ [ 0.0 T { e 00 &
= — -1. = - L] . - .
- 3 ‘A2 _ - E .
; BDM:R? = 0.78(P<0.001)E 53 ] BDM:R" = 0.03(P=0.53)f 2.0
; 30 ) 3.0
; . _F 20 JC3ArR* = 0.39(P<0.01) . F 20
. e * . _— <E 10 4 .3 _—+ F 1.0
5 — = 00 9 . i E 0.0 ¢
i E 10 ¢ : L. 10 -
- C3Ar:R? = 0.72(P<0.001)F 2.0 ; - 2.
30 r EAES ’;: 3.0 39 ; C3NAR® = 0.02(P=0.56)f =0
1:0 E . . 5 1:0 1 * . -
Q 004, s> p" - 2 0.0 4 gt 3
39317, CaNAR®=0.41(P<0.01); 'y . i
30 - - 3 3.0 - F 3.0
el 3_8 E C4:R° = 0.005(P=0.79)F 20
I R D T P 58 o
1. . L o - i . . ' . L 10 -
{ *- £ 2.0 E . F -2.0
T T T T A e & -3_0 T T T T T T 30
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changes in 2-m temperature (K) changes in precipitation (mm d)
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- S HEBOR SIS : R

Climate feedbacks Greenhouse effect Climate feedbacks
Ocean warming/freshening Warming .
Wind stress Water cycle changes

vjqﬁgo HARACO2KE, H
- RS AT I R
Anthropogenic R o N ?}E 7% HELE'/“[LJ GERED
emissions N &5 Lo S T2 ﬁE ;

Fossil fuels

Soil respiration
Permafrost thawing
Erosion

Geological storage - .. .csvaion

AR6, 2021 38




SERFENMA3-CO2E2FERINIE

HERSEKEN A SIE05E (esm-hist) : RSO SERTHA (1850-20144F) K5
CO2ZM N HESMMEEI. EFRIEIEEIER

Table A1l. Specifications in the DECK and CMIP6 historical simulations.

Experiment Volcanic stratospheric aerosol Solar variability Anthropogenic forcings

amip Time-dependent observations Time-dependent observations Time-dependent observations

piControl Background volcanic aerosol that Fixed at its mean value (no Given that the historical simulations
results in radiative forcing matching, as  11-year solar cycle) over the start in 1850, the piControl should have
closely as possible, that was experi- first two solar cycles of the fixed 1850 atmospheric composition,
enced, on average, during the historical  historical simulation (i.e. the not true pre-industrial
simulation (i.e. 1850-2014 mean) 1850-1873 mean)

esm-piControl  As in piControl As in piControl As in piControl but with CO; concen-

tration calculated, rather than prescribed.
CO» from both fossil fuel combustion
and land-use change are prescribed to be
zZero.

esm-hist As in historical As in historical As in historical but with CO, emissions
prescribed and CO, concentration calcu-
lated (rather than prescribed)

Eyring et al., 2016 ,, 39



[] ACCESS-ESM1-5 (10)
[C] Bcc-csMm2-MR (3)
(] ceEsm2 ()

(] cNRM-ESM2-1 (4)
[C] canESMS5 (9)

[C] canESM5-CanOE (3)
[C] EC-Earth3-cc (1)
(] GFDL-ESM4 (1)

(] MIROC-ES2L (3)

[C] MPI-ESM1-2-LR (10)
(] MRI-ESM2-0 (1)

[C] NorESM2-LM (2)

(] UKESM1-0-LL (4)

Institution ID

(7] Bcc (3)

(] cccma (12)

[] CNRM-CERFACS (4)
(7] csiro (10)

[C] EC-Earth-Consortium (1)
(] mirROC (3)

[C] MOHC (4)

(] MPI-M (10)

] MRI (1)

] NCAR (4)

] Ncc (2)

[C] NOAA-GFDL (1)

SERFNEB3-CO22ETIHE

[J show All Replicas  [LJ Show Al Versi
Search Constraints: §§ esm-hist | $§ co2

Total N

-1-

Flease login to adc

Expert Users: you may display the search |

1. CMIP6.CMIP.BCC.BCC-CSM2-MR.esm-hist.r1i1p1f1.Amon.co2.gn
Data Node: cmip.bcc.cma.cn is reported as unavailable. Any existing repl
Version: 20181221
Total Number of Files (for all variables): 5
Full Dataset Services: [ Show Metadata ] [ List Files] [ WGET Script

2. CMIP6.CMIP.NCAR.CESM2.esm-hist.r1i1p1f1.AERmon.co2.gn
Data Node: esgf-data.ucar.edu
Version: 20191105
Total Number of Files (for all variables): 4
Full Dataset Services: [ Show Metadata ] [ List Files] [ WGET Script

3. CMIP6.CMIP.NCAR.CESM2.esm-hist.r1i1p1f1.Amon.co2.gn
Data Node: esgf-data.ucar.edu
Version: 20191105
Total Number of Files (for all variables): 4
Full Dataset Services: [ Show Metadata] [ List Files] [ WGET Script

4. CMIP6.CMIP.NCAR.CESM2.esm-hist.r2i1p1f1.AERmon.co2.gn
Data Node: esgf-data.ucar.edu
Version: 20191105
Total Number of Files (for all variables): 4
Full Dataset Services: [ Show Metadata ] [ List Files] [ WGET Script

5. CMIP6.CMIP.NCAR.CESM2.esm-hist.r2i1p1f1.Amon.co2.gn
Data Node: esgf-data.ucar.edu
Version: 20191105
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F1I3MEAF, AAE2MEAER SR MRAMEIKER B FREN

ggg;llmg CSIRO |BCC CCCma |CESM |CNRM |GFDL  [IPSL  |JAMSETC|MPI E‘;}’ESMZ' UK
ACCESS- [BCC- CNRM- |GFDL- IPSL- MIROC- MPI- NorESM2- |UKESM1-
ESM ESM1.5 |CSM2-MR |CanESMS5|CESM2 |ESM2-1 |ESM4 CM6A-LR |ES2L ESM1.2-LR [LM 0-LL
Land carbon/biogeochemistry component
MATSIRO
CABLE2.4 (phys)
CASA- |BCC- CLASS- ISBA- ORCHIDEE|VISIT-¢ JULES-
Model name |CNP AVIM2 CTEM |CLMS5 |CTRIP LM4pl (2) (BGC) JSBACH3.2 |CLM5 ES-1.0
Veg C pools |3 3 3 22 6 6 8 3 3 3 3
Dead C pools |6 8 2 7 7 4 3 6 18 7 4
- PFTS 13 16 9 22 16 6 15 13 13 21 13
**;EC Fire No No No Yes  |Yes Yes . No No Yes . Yes No
E}JZQ\*E?& Dynamic Veg [No No No No No Yes No No Yes No Yes
i Permafrost C |No No No Yes No No No No No Yes No
Nitrogen cycle [Yes No No Yes |No No No Yes Yes Yes Yes
Ocean carbon/biogeochemistry component
CMOC PISCESV2- MEDUSA-
Model name |WOMBAT|MOM4 L40 |(biol) MARBL |gas COBALTV2|PISCES-v2 |OECO2 HAMOCC6 [HAMOCCS.1(2.1
Phytoplankton|! 0 1 3 2 2 2 2 2 1 2
Zooplankton |1 0 1 1 2 3 2 1 1 1 2
Limiting
Nutrients i .
NP ONESL N IPCC AR 6; Arata et al., 2020
P, Fe P N Si, Fe |Fe F
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ShithariBE (cam_in%fco? Ind=SFCO2_LND, kgCO2/m2/s)
1, MEEITE KBS 3, MHERFRBEE

colm_cpIMod.F90 constituents.F90

Ind nee(g) fldv¥%assim(g) fldv%respc(g) fldv¥%fmicr(g) sflxnam(pcnst 1) 'Fcoz_OCN'
(curr_yr 1nd_cflux_year) sflxnam(pcnst+2) 'SFCO2_FFF'

I convert from molC/m2/s to kgC02/m2/s sflxnam(pcnst+3) "SFCO2 LND'
1nd_nee(g) - 1nd_nee(g) 44.0_r8 1.0e-3_r8 sflxnam(pcnst4) 'C02_0uT"

colm_cpl7.F90 . cam_diagnostics.F90

Clm_lza%nee(g) 1nd—nee(l) - 1 outfld(sflxnam(pcnst-1),cam_in%fco2_ocn, pcols, lchnk)

11 outfld(sflxnam(pcnst 3),cam_in%fco2 lInd, pcols, lchnk)
I outfld(sflxnam(pcnst 4),cam_out%co2prog, pcols, lchnk)

2 HMEREWNmRBEHELE AN 02_readFlux_fuel)

outfld(sflxnam(pcnst 2),data_flux_fuel%co2flx, pcols, lchnk)
Ind_comp_mct.F390

(index_12x_Fall fco2_1nd 9)
12x_1%rAttr(index_12x_Fall fco2_1lnd,i) - 12a%nee(g)

atm_comp_mct.F90
: (index_x2a_Faxx_fco2 lnd 2)

ed converting to kg/m2/s, 1nd co2 unit is already kg/m2/s, juanxiong he
cam_in(c)%fco2_lnd(i) x2a_a¥%rAttr(index_x2a_Faxx_fco2 lInd,ig)

(index_x2a_Faxx_fco2_lnd 9)

cam_in(c)%cflx(i,e_i(4)) cam_in(c)¥cflx(i,c_i(4)) cam_in(c)%fco2_1nd(i)
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COZ2%

EERIBE (cam_in%fco2 ocn=SFCO2 _OCN, kgCO2/m?2/s)

1, FEATESREE

OBM.F90

up%ake(i,ii.up%gke(i,ii-ssfc(i,ii-vit(i,ﬁ:i) 1925:é;3'1_et-a

CoupP
(ii--nss/ncpl)
uptake(:,:) uptake(:,:) ii

cgz_cpl_ p‘l:alvce flux_cpl.F90

2, MmERENEEEF LRSS

A=A — |

T = EE?

3, MBS FREE

licomcpl.F90

(index_o2x_Faoco_fco2 ocn = @)
o02x_o%rAttr(index_o2x_Faoco_fco2_ocn,n) Bo2_cpl(i,q)

atm_comp_mct.F90

(index_x2a_Faxx_fco2_ocn a)
to kg/m2/s, juanxiong he
cam_in{c)%fco2_ocn(i) x2a_a%rAttr(index_x2a_Faxx_fco2_ocn,ig) mwco2 1.8e
(index_x2a_ Faxx_fco2 ocn e)

cam_in(c)%cflx(i,c_i(4)) - cam_in(c)%fco2_ocn(i)

3 r8

constituents.F90

sflxnam(pcnst+1) 'BFco2 ocn®
sflxnam(pcnst+2) 'SFCO2_FFF'
stlxnam(pcnst+3) "SFCO2 LND'
stlxnam(pcnst+4) 'C02_OUuT'

cam_diagnostics.F90

11 outfld(sflxnam{pcnst+1),cam_in%fco2_ocn, pcols, lchnk)
| outfld(sflxnam(pcnst+3),cam_in%fco2 lnd, pcols, lchnk)
outfld(sflxnam(pecnst 4),cam_out¥co2prog, pcols, lchnk)

02_readFlux_fuel)
outfld(sflxnam(pcnst2),data_flux_fuel%co2flx, pcols, lchnk)
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ANBRAER (data_flux_fuellbco2flx=SFCO2_FFF, kgCO2/m?2/s)
1, B HERHER 3, B AKBES

constituents.F90

co2_cycle.F90

{ 256) :: [EEFIEEIRGR] file °/work/zhujlswen/datafcol_anthro_smission_1858-2014-menthly fap_c20210235.nAc" S‘lenam (pcns‘t 1 ) ! Fcoz_OCN !
(co2_readFlux_fuel) ' '
| read_data_flux ( co2flux fuel file, data_flux_fuel ) S‘FJ.XI"IEIIH(]JCHSt 2) SECOZ FFF
stlxnam(pcnst+3) "SFCO2 LND'
stlxnam(pcnst+4) "CO2_OUT'

cam_diagnostics.F90

11 outfld(sflxnam(penst 1),cam_in%fco2_ocn, pcols, lchnk)
11 outfld(sflxnam(pcnst+3),cam_in%fco2 lnd, pcols, lchnk)
outfld(sflxnam(pcnst 4),cam_out¥%co2prog, pcols, lchnk)

2. Aﬁj—ﬂﬂ}i%j‘]ﬂ?ﬂj{f—:{‘ 02_readFlux_fuel)

outfld(sflxnam(pcnst:2),data_flux_fuel¥co2flx, pcols, lchnk)

float C02_flux(tzme, lat, lon) ;
C02_flux:missing_value = -999.f ;
C02_flux:units = "kg m-2 s-1" ;

C02 flux:long name = "C02 fossil fuel emission flux"
C02_flux:standard_name = "tendency_of_atmosphere_mass

atm_comp_mct.F90

(co2_readFlux_fuel)

cam_in(c)%eflx(i,c_i(4)) cam_in(c)%cflx(i,c_i(4)) data_flux_fuel%co2flx(i,c)
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=1

1, NINCO2ZT &

3, BB EKF H(kg/kg)

co2_cycle.F90

l-hara ter(len=7), dimension{ncnst), parameter :: & ! constituent names
| C_names (/'CO2_OCN', "CO2_FFF', "CO2_LND', "CO2 ")
(6,7)°C02 is defined"
cnst_add{c_names(d), c_mw(d), c_cpl(d), c_gmin(d), I_i(-!],lungname c_names(4), mixtype "dry")

BE (8F. B, AAHE) R (kg CO2/m2/s)

atm_comp_mct.F90

(index_x2a_Faxx_fco2_ocn 9)
cam_in(c)%cflx(i,c_1(4)) - cam_in(c)%fco2 ocn(i)

(co2_readFlux_fuel)

cam_in(c)%cflx(i,e_i(4)) -cam_in(c)%cflx(i,c_i(4)) data_flux_fuel¥co2flx(i,c)

(index_x2a_Faxx_fco2_lnd e)

cam_in(c)¥%cflx(i,c_1(4)) -cam_in(c)¥cflx(i,c_1(4)) cam_in(c)%fco2_lnd(1)

/physics/cam/diffusion_solver.FO0

-,

tmpl(:ncol) ztodt * gravit = rpdel(:ncol,pver)
| Add the explicit surface fluxes to the lowest layer

q(:ncol,pver,m) ql:ncel,pver,m) tmpl(:ncol) cflx(:ncol,m)

ztodt: s

gravit:m/s?

rpdel (S EBIES/F): m2/(kg*m/s?)
cflx: kg /m?/s

4, R B E 5 Hi%(kg/kg)

/physics/cam/vertical_diffusion.F90

5, % K5CO2 (kg/kg)

cam_diagnostics.FO0

ftem(:ncol, :) state¥®q(:ncol, :,pcnst)
211 outfld('[@02', ftem, pcols, lchnk)
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I

B1850_CO2C =it E IAP-AGCMS5.0 CoLM IAP-DGVML1.0 LICOM2.0
B20TR_CO2C =it E IAP-AGCMS5.0 CoLM |IAP-DGVML1.0 LICOM2.0

B1850 (esm-pi): TAFEFEARETIRIE (18504F)
B20TR (esm-hist): FisRiE& (1850-20144F)
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PEAMA3-CO221BSiHIE

B1850C5X_IAPDGVM_CO2C
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SERFENMA3-CO2E2FERINIE
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PERFAMNEI-CO2LIBESIKIE

CO2(PPMV) by CAS-ESM(2000-2014)-January

80N -

60N -

40N

49



> DERGE T SHILIRE

H

=\

SITHELIE. PRGN ;

> SLHIEBERIITDIFREIV (IAP-DGVM) SHRIBRHIEKER iRl (CAS-

ESM) BIFEE, | iZhAE-

0

FIERES. FEHMREAR S SUERIEELE

> CAS-ESM2KS[CO2RIEMERNNE, #H—LMHRRKFIRIZCMIPS;
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