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Software & Code



« ED model is called in ciIm_driver and cim_initialize

|2 extra files... (ED*)
+ /995 lines of code In (ED*) files

* |n addition, there are /00 lines of new code In Surface Albedo &
800 lines of new code in Canopy_Fluxes

- All parts of ED can be deactivated by the use_ed flag



Where does ED live?

rfisher /qglade/u/home/rfisher/svn/EDMERGE/EDMERGE_feb21/models/lnd/clm/src/clm4_5/biogeochem §$ 1s

ch4Mod. F90 CNDVEstablishmentMod.F90 CNRestMod.F90 ED_hMod.F90
ch4RestMod.F90 CNDVLightMod.F90 CNSetValueMod. F90 EDInitMod.F90
chdvarcon.F90 CNDVMod. F90 CNSharedParamsMod.F90 EDMainMod. F90
CNAllocationMod.F90 CNEcosystemDynMod. F90 CNSoilLittVertTranspMod.F9@ EDParamsMod.F90
CNAnnualUpdateMod.F90 CNFireMod.F90 CNSummaryMod.F90 EDPatchDynamicsMod.F90
CNBalanceCheckMod.F90 CNGapMortalityMod.F90 CNVegStructUpdateMod. F90 EDPhysiologyMod.F90
CNC14DecayMod. F90 CNGRespMod. F90 CNVerticalProfileMod.F90 EDRestVectorMod.F90
CNCIsoFluxMod.F90 CNMRespMod. F90 CNWoodProductsMod.F90 EDSPITFIREMod.F90
CNCStateUpdatelMod. F90 CNNDynamicsMod.F90 CropRestMod. F90 initch4Mod.F90
CNCStateUpdate2Mod. F90 CNNitrifDenitrifMod.F90 DryDepVelocity.F90 MEGANFactorsMod.F90
CNCStateUpdate3Mod. F90 CNNStateUpdatelMod. F90 DUSTMod.F90 SFParamsMod. F90
CNDecompCascadeBGCMod.F9@® CNNStateUpdate2Mod.F90 EDCanopyStructureMod. F90 STATICEcosysDynMod.FS@
CNDecompCascadeCNMod.FS0 CNNStateUpdate3Mod. F90 EDCLMLinkMod.F90 VOCEmissionMod. F90
CNDecompMod. F90 CNPhenologyMod.F90 EDCohortDynamicsMod.F90

CNDVEcosystemDynIniMod.F9@ CNPrecisionControlMod.F9@ EDGrowthFunctionsMod.F90
rfisher /glade/u/home/rfisher/svn/EDMERGE/EDMERGE_feb21/models/lnd/clm/src/clm4_5/biogeochem $ |

rfisher /glade/u/home/rfisher/svn/EDMERGE/EDMERGE_feb21/models/1lnd/clm/src/clmd4_5/biogeophys $ 1s

ActivelayerMod.F90 CanopyFluxesMod.F90 H20SfcMod.F90 SLakeHydrologyMod.F90 SurfaceAlbedoMod.F90
BalanceCheckMod.F90 clm_driverInitMod.F90 HydrologylMod.F99 SLakeRestMod.F90 SurfaceRadiationMod.F90
BandDiagonalMod.F90 CLMVICMapMod.F90 Hydrology2Mod.F99 SLakeTemperatureMod.F9@ TridiagonalMod.F90
BareGroundFluxesMod.F98 CMakelLists.txt initSLakeMod.F9@ SNICARMod.F90 UrbanInitMod.F90
Biogeophysics1lMod.F90 DaylengthMod.F90 QSatMod.F90 SnowHydrologyMod. F90 UrbanInputMod.F90
Biogeophysics2Mod.F90 FracWetMod.F90 SLakeCon.F90 SoilHydrologyMod.F90 UrbanMod.F90

BiogeophysRestMod.F90 FrictionVelocityMod.F9@ SlLakeFluxesMod.F90@ SoilTemperatureMod.F90
rfisher /glade/u/home/rfisher/svn/EDMERGE/EDMERGE_feb21/models/nd/clm/src/clm4_5/biogeophys $ [



CLM: SVN Code Management Structure

@  TrunkTags
Branch Tags

svn commands

Q local code

‘sandbox’

TRUNK

m ﬁ CLM developers




€ hups @ svn-ccsm-models.cgd.ucar.edu/cim2 /branch_tags/EDMERGE tags/ —

- Revision 56048: /clm2/branch_tags/ EDMERGE_tags

EDMERGE n00 clm4 5 19/

e -DMERGE branch...

EDMERGE n03 clm4 5 19/
EDMERGE n04 clm4 5 19/

EDMERGE n0S5 clm4 5 19/
EDMERGE n06 clm4 5 19/
EDMERGE n07 clm4 5 19/
EDMERGE n0O8 clm4 5 1

EDMERGE n Im4 5 1

EDMERGE nl0 clm4 5 19/
EDMERGE nll clm4 5 19/
EDMERGE nl2 clm4 5 35/
EDMERGE nl2 clm4 5 36/
EDMERGE nl3 clm4 5 36/

DM nl3 cl 7
EDMERGE nl14 clm4 5 37/
EDMERGE nlS5 clm4 5§ 37/
EDMERGE nl6 clm4 5 37/
EDMERGE nl7 clm4 5 37/
EDMERGE nl8 clm4 5 37/
DMERGE nl19 cim4 4

EDMERGE n20 clm4 5 43/
EDMERGE n20b clm4 5 43/
EDMERGE n21 clm4 5 43/
EDMERGE n22 clm4 5 43/

N

EDMERGE n24 c
c




Trello’ site: https://trello.com/b/xC/ZVVvWK/cesm-clm-ed-

development

[ ~ W J lmJ | + ([ https & trello.com/b/»

W 7rellr

CESM CLM-ED Development @ ceegcoducaredy » © Publc

Done

New CLM parameter file

' 4

Alter SPITFIRE parameters in
new cim_params file

Restan tests with EDSWITCH
off.

get a global resolution working
with mpi-serial

2’

get a global res. working with
MP1 multiple pes.

’

Divide up CLM(ED) code into a
set of sensible modules.

e

get rid of init_data module

e
fix all indentation In ED flles

check coarse and fine rootn
pools add up to 1,

4
D © Hep 'a

Software Development Tasks

(1st Tag)

Retactoring for Intent of
arguments

Bit-for-bit restart tests with
CLM(ED) on.

get restarts working within CLM
system

make sure that BGC and CROP
can’t be combined with ED and
that RTM is off if ED is on

double check ed_init in regards
to bounds_clump or
bounds_proc

make sure basic performance is
reasonable (mpl and single pe)

make scripts tag
1

move all of the accumulating
variables that are hard coded in
ED into the main CLM
accumulating module,

s P

Add a card

Roo! (New stuff available!)

Science tasks (1st tag)
Ada leat area optimization

routines back in. Test for
internal cycling.

Construct a sensible depiction
of stem area index

Extend ED carbon balance
checks to include litter pool
dynamics

fix tree area decline problem

Software Development Tasks
(2nd Tag)

clean up assoclate blocks

clean up Interfaces

e
get ED working with openMP

add additional ED tests for CLM
and CESM tests.

check fire rate of spread
equations

Determine how to add
supplemental N to make the
soll model be carbon only...

Remove the bunal code in
EDCLM link.

Complete tech note,

,

Complete programmers guide

Turn off the now redundant two-
stream calculations in surface
albedo.

= ~

Add a card

Add a card

A Notifications [[] Boards a

¢ [ieae ) (O]

Menu v
St Members
(e .
] SPM
B & ¢ 'i‘:- -
C)
3 L Add Members...
4
Fi Activity
1 @iy rosiealicel added Remove
4 the burial code in EDCLM
: link. 10 Science tasks (1st
H tag).
4 Dec 13 a1 4
L rosiealice1 added
] Determine how to add
1 supplemental N to make
U the soll model be carbon
only... to Science tasks (1st
o tag).
S( I - W 4 nt | e v
In
rosiealice1 on Energy
; balance closures for post-
] fire systems.
A
ct New tag made on
| 11/dec/13 which
e resolves at least seven
In energy balance issues
. relates to complex
Al canopy geometry

problems,



https://trello.com/b/xCZWvJWK/cesm-clm-ed-development

ED data structure
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CLM(ED) data structure.
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Scientific Content

adventures in model structure space



Sclence Features

+ (Gas exchange (CLM4.5 multi-layer psn; Collatz & Ball-Berry/Medlyn/Lloyd)

- Radiation scheme

» Canopy Structure

- Carbon partitioning

» Leaf area optimization

» Mortality

»+ Crown area plasticity (trees change shape as canopy closes)

» Phenology (Botta et al. 200 |:cold), Dahlin & Fisher, in prep: drought)

* Fire
« Seeds



lech Note (LaTeX version on its way)
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Norman Radiation Scheme as applied to a mixed PFT canopy in CLM(ED)
diffuse




Norman Radiation Scheme as applied to a mixed PFT canopy in CLM(ED)
diffuse

I ! !




Norman Radiation Scheme as applied to a mixed PFT canopy in CLM(ED)
diffuse




Carbon storage allocation and mortality
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s there homeostasis of carbohydrate?

Do we need to consider direct limrtation of water &
temp on tissue growth (sensu Korner et al.)!

_— . 1 1.0
A A e 1
j %’ lv 0.6
“ o, ) . / ! 04
o® f 0.2
— Drought started 0.0

From McDowell, Fisher, Xu et al. 2013



| eaf/Storage balance allocation scheme
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eaf Area Optimization
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m— Construction cost of leaves
—6— Net assimilation rate

Bleaf target reduced to
remove leaves in
negative C balance

1 2 3 4 5 6 7 8
Depth in Canopy in LAl units



FIRE

1
lightning | | population vegetation relative humidity || . _I X
frequency density characteristics soil moisture ASe Spees N FDI b’f-] Monthly
T I 7 . Ignitions o
------- | S S S S———— P
ignition | | anthropogenic fuel R i 0 — Montly
sources | |fire suppression fnel load com lum?ams : oo fres
L : Climate: E’D
Fire : 'r durati read [ T, T bAna rve bt
| average duration | average sp P ROS—‘L'-_._L.—: urnt &,
‘Occurrence L Trecomes 1 ‘ ; \1 )
' ~LFo R """"Ii ‘8B | || bomase
K
P.(1) |_!J/ : Morvhiy
e | ==
] Pic] |
: — 1
':=4 Plant Mortality :
T et )
biomass
combustion .
acrosol emissions [l " gl i S e A S e
Modelingst LPJVarabie  PFT Parameter  SPITFIRE Variable Foecback o LPJ extinction SPITFIRE Output
CLM4.5 firer i et al. 2012 SPITFIRE: Thonicke et al. 2010

-Collaboration with Allan Spessa (Open Univ.) and Mathew Forest (Goethe Univ. Frankfurt)
-Agricultural, land use and peat fires and ignitions need to interface with the LI & Levis CLMA4.5 fire
model.

- Numerous modifications required to SPITFIRE implemented to allow size-structured fire impacts



SPITFIRE: Global impact on LAl

CLM(ED) Burnt area: % y" CLM(ED) LAL: no fire m? m




* Fire Intensity and spread Is impacted by litter size classes
» Surface Area-Volume Ratio
- Bulk Density

- Moisture Content

» Decomposition I1s impacted by chemical class

» Lignin, Cellulose, Metabolic

How can these two qualities of litter be represented!
- (collaboration with Charlie Koven, LBNL)



_itter Fragmentation

Fragmenting Pools
Drive Fire Model

| eaf L|tter

(PFT1:n) \/ Leaf Turnover &

Tree mortality

Root Turnover &

Fine Root Litter Tree mortality
Gt




_itter Fragmentation

Fragmenting Pools
Drive Fire Model
| eaf Litter
NS

Fine Root Litter
(PEEI=r

Stem Biomass Coarse Root Biomass
Turnover & Mortality | Turnover & Mortality

7 \




_itter Fragmentation

Fragmenting Pools feed
INto decomposing pools

CWD_AGH CWD_AG2 CWD_AGS3 CWD_AG4

Decomposition Cascade

Leaf thter CEL LIG MET
PF1n) N

GEE LIG MET

A x Ko x f(H20,T) leaf_prof(1:z)

CEL LIG MET
CEL LIG MET
CEL LIG MET
GEE LIG MET
CEL LIG MET

Root Litter
(PEEI=r

CWD_BGH1 CWD_BG2 CWD_BG3 CWD_BG4

el LIG MET




_itter Fragmentation

Fragmenting Pools feed
INto decomposing pools

CWD_AGH CWD_AG2 CWD_AGS3 CWD_AG4

| eaf Litter
(PEEI=r)

Decomposition Cascade

CEL LIG MET
GBI LIG MET
CEL LIG MET
CEL LIG MET
CEL LIG MET
GEE LIG MET
CEL LIG MET

A x Ko x f(H20,T) root_prof(1:z)

Root thter
(PEEI=r

CWD_BGH1 CWD_BG2 CWD_BG3 CWD_BG4

el LIG MET




Seed Bank Model...

’ \ Saplings
o Seedbank

— Seedlings
‘ -
> 0 . t s W N
e | ] o :.\.5 -
N W‘ - - \’11‘&?:?. l.’H f:' Death
Loss of Intra-specéic Germinaton, nter-specfic
germina- density regulation: Seeding competition

bty antagonists/ survival for space
Carnying capacity

Antagonists

\ \ /

Reproduction Germination

NN Sced Bank [
/ ee a \

Seed Advection Seed Decay (fH20, T)

/ N\

Seed Bank model based on TREEMIG: Lischke et al. 1998, 2006 etc. Collaboration with WSL Zurich




carly Results
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Global emergent wood density patterns

0.55

- 1045 INcreasing Increasing
wood drought
density  tolerance

104

0.35
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Planning



T imeline (when can | play with it?)

» Version -1 (EDMERGE branch) Now. Access for development only

* Runs in PTCLM & some global resolutions, sensible fluxes, energy + water
balanced (afaik), NetCDF restarts, s

» Version 0 (software engineering tag) [Vlay|une. Access for adding functionality

- NetCDF history files, sensible fluxes, balanced energy/water/carbon, sensible memory
use, cold & drought phenology, compsets, runs @ alternative resolutions & compilers.

» Version | (science tag) Oct.Nov. Access for model testing and implementation
« Soill BGC (C-only) , CLM fire coupling, definitive PFTs.
» Version 2 (‘IPCC’ tag) / Access for any reason including coupled runs.

- Consistent with crops, proscribed vegetation, harvest & land use change (managed
forest, pasture), N cycle, VOCs, dynamic landunits.



Next-generation dynamic global vegetation models: learning
from community ecology

Simon Scheiter', Liam Langan® and Steven 1. Higgins®

'Biodiversitit und Klima Forschungszentrum (LOEWE BiK-F), Senckenberg Gesellschaft fiir Naturforschung, Senckenberganlage 25, D-60325, Frankfurt am Main, Germany; *Institur fiir

Physische Geographie, Goethe-Universitit Frankfurt am Main, Altenhoferallee 1, D-60438, Frankfurt am Main, Germany

, “The major task for the developer of the kind of DGVM we are
| proposing is to conceptualize and parameterize life-history |
| tradeoffs.”




CLM(ED) as a trait filtering model

Do we understand why plants grow where they do?

Example from Bolivia: Markesteijn, Poorter, et al. 201 |



ED-SPITFRE: Multiple scales of feedback

-
10{ -\'\
i S > -
0 : . RS, 7
10 20 30

-30 -20 -10 0
Distance along transect (m)

Flasnmability feedback Demographic feedback

adapted from concepts in Hoffman et al., 2012, 2013



