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The challenge

Is it possible to replace the hand-coded JULES
components (i.e. subroutines) with code
generated automatically from model equations?




Original model code

3. Leaf growth and senescence

CALL GLA(TIME,DOYEM,DTEFF,TSUM,LAII ,RGRL,DELT,SLA,LAI)
GLV = FLV * GTOTAL

DLAlI = LAl * RDR

RDR = MAX(RDRDV, RDRSH)

RDRDV = INSW(TSUM-TSUMAN, 0., AFGEN(RDRT, DAVTMP))
RDRSH = LIMIT(O., RDRSHM, RDRSHM * (LAI-LAICR) / LAICR)
DLV = WLVG * RDR
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<7uml version="1.0" 7>

<model=

+ <EOUFCE>

+ <roots:

- zproperties>
scompletextrue</completes
<hamezLINTUL/namax>

</propertiess

- znode id="node00083" type="variable">

Code generator

public override void runTimeStep()

{

DAVTMP = 0.5*(TMMN+TMMXNW) ;
GTOTAL = LUE*PARINT;
WLVG = WLVI;

RDR = max(RDRDV,RDRSH);
GLV = FLV*GTOTAL;

RTSUM = DTEFF*EMERG;
grWLVG = GTOTAL*FLV;
grWST = GTOTAL*FST;
grwso = GTOTAL*FSO;
grWRT = GTOTAL*FRT;

b

- <nodespecss
<completextrue</completes
| <name=RDD</Mames
</nodespecss
GTTAL AHURT WRT =
o B
Simulation
—WLWG, run 1—WRT, run 1
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HTML equation listing

Model Equations

compartments
Lal=0

TSUM = 0

WLVD = 0

WLVG = WLV v,
WRT =0

WS0=0

WST =0

variables

DAVTMP = 0.5%(Thib M+ TRMBEMW ThaindN, Thbnm,
DELT =1.0

DOYEM = 32

DTEFF = max(0, DAYTMP-TBASE) DAVTMP, TBASE,

Extraction of model
metadata

Whole model:

Mumber of compartments 7
Total number of flows 8
- of which mterflows 1
HMumber of varables 28
IMumber of nfluences a0




Description of the "TRIFFID" Dynamlc
Global Vegetation Model .

Hadley Centre technical note 24
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|-- sice htf

|

|

| -- hydrol ---|

| | -- sfsnow

| |-- surf hyd --|

| | | -- fruncff

| | | -- sleve

| | |-- pdm

| |-- cale baseflow

| |-- =01l hyd --|

| | |-- hyd con( vg)

| I |-- darcy(_vg) --|

| I | |-- hyd_con{_vg)
| | | - -gauss

| |-- cale fsat

| |-- =01l hte --|

| | | -- heat con

| | |-- gauss

| |-- ice hte

| |-- =ollme

| |-- soilt

| |-- ch4 wetl

|-- vegz --|

| |-- tilepts

| | -- phenol

| |-- triffid --|

| | |-- wvegoark --|

| | | |-~ growtn
| | |-- lotka --|

| | | | -- compete
| | |

| | |-- =soilecarb --|

| | | | - -decay
| |-- tillepts

| |-- sparm --|

| | -- pft_sparm

|

-- wvegl --|



@ Equation listing ;IEIEI

@ triffid10 {Simile model: triffid 10.sml}

File Edit Yew Model Tools Window Help Bile Edit
& o Submodel Plant functional type =
K e kT _ ; ) . .
O = = = S 4F ] S ‘ Submodel Plant functional type is a fixed_membership submodel with
: dimensions [&].
| > oyl e iy ol ? ELkS ” Enumerated types: null
I Add conditions for ending Cumﬁaﬁm?nt I- E‘Tg
calculations within a subrmodel nitial value =
izt
i Rate of change = + Cincrease - Cdecrease
Plant functional type Comiments:
Initial walues guessed.
-::at[:hmerrt_ ghacity i Compartment B fractional_cover
. ' Initial value =0.01
LAlmi Rate of change = + cover_increase - cover_decrease
Comments:

=10l x|
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; http:/ /similette.com,;/models /triffid /triffid1 0¥ 1.4ml - mirs Internet Explorer

J File Edit View Favorites Tools Help
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Links JEq delicio.. ™ 1ag J e 'I

J.ﬁ.l:_ldress I@ btk ffsimiletke, comfrmodels feriffid feriffid 10e 1ol j @GD

=Tuml version="1.0" 7=
- <model =mins: m="http:/ /www.w3.0rg/ 1998 /Math /MathML">
+ <sOUrCE:
+ «<rootss
- <propertiess
<completextrue</completes
<nameztriffid10</name=
=title=>TRIFFID global veqgetation model, in SimileXMLv1</itlex
<description=The Hadley Centre's TRIFFID model couples a photosynthesis model {Cox et al. {1998)) to a population
model {in the ecological sense}. The population model updates the fractional coverage and height of vegetation
depending on the predicted photosyn- thesis. This population model therefore plays a large role in the dynamic
properties of the land surface.</description=
</propertiess
- <submodel id="top">
+ =graphicss
+ znodesx>
+ <arcss
- «<szubmodel id="node0000D2"=
+ =infos=
+ «<graphics=
- «nodes>
+ =clouds=
- <compartments:
- <compartment id="node00221">
- «infos>
zcompletestrue</completes
<hamex=Cveg</name»
<finfos=
+ «<graphics=
< /compartment s
- <compartment id="node00223">
- «infos=
<completextrue</completes
=name=pheno_status</namez=
=finfos>
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a www.multiguise.com - mirs Internet Explorer

J File Edt Wiew Favorites Tools Help
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J i vl j @ Search @ Reference w2 - oF News o Witing Software Ej‘i Ringtares A,-.‘,f Free Credit Scare

F

Packages View bookmarks

MMM Mumerical Model Metadat: a .
SAHD Semantics of Ancient He variables
SBML models . _ )

Sirnile models fractional_cowvers = [fractional_cover]
Simile models (SimilexMLy1) heights = [heighi]

Simile models (SimilexMLy3) 7

Load |

Plant functional type

View bookmarks
Hoctimen View zource Compartments
LINTUL crop model, XML v1  a| Cveg = 1

Lotka-Yolterra predator-prey n . il
MchMurtrie model of vegetation fractional_cover = 0.01
Mitatic oscillator pheno_status = (0.1

Soil component of the Centur

TRIFFID global vegetation o

variables

Stylesheets \.-'iewul:i-::kgrg::lé: air_temperature = 20

C generatar far MODCOM fram a awl = element{[0.65,0.65,0.005,0.005,0.1],index{1)

C# generator for MODCOM fra halanced_LAl = 1

Code generator for TIME frarme catchment_capacity = 0.5+0.057LAl Lal,

Fartran generator for BFG fram Cleaf = Cleaf0*correction Cleaid, corection,

iGraphical simulator =l CleafD = leaf_C_densitbalanced_LAl balanced L&, leaf_C_density,

compet_inhib = sumiffractional_covers]*[compet_coefs]) compet coets,
correction = CvegfiCleafl+Cstem0+Crootd) Caem, Cleail, Crootd, Cveg,
cover_loss_rate = element{[0.004,0.004,0.1,0.1,0.03],index{1Y

Croot = Croot0*correction CrootD, comection,

i CrootD = Cleafl Cleafd,

Cstem = Cstem0*correction Csemd, comection,

&
k‘i‘f connOtea - Cstem0 = awl*balanced_LAMSI3) awl, balanced LAl
r ot

W M

4]

Dizplay I Dizplayl | Debug I compet_coefs = 1/{1+exp(20%height [heights]yiitheight+[heights])) height,

MultiGuise Model Equations for TRIFFID global vegetation model, in SimileXMLv1

deepsnow_albedo = max_snow_albedo*expd-1*ight_extinct_coefLAL+min_snow_albedo™(1-expi-

|»

|$§;L| Transformation complete,
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View bookmarks

vegetation model .,
C 11th Dec 2007 1

Packages

MMM Murmerical Model Metadat: «
SAHD Semantics of Ancient He
SBML models

Simile models

C Top-level model

C Parameters:

Simile rmodels (SimilexMLy1)
Simile models (SirmilexMLy3)

Load |

C Submodel :

Plant functiconal type

Documents Wiew bookmarks C Compartments:
“iew source 00 I = 1.5
LINTUL crop model, XML v1 & i
Cveg(I) =1

Lotka-Yolterra predator-prey n
McMurtrie model of vegetation
Mitotic oscillator

Soil component of the Centur
vegetation rnodi

=

pheno_status(I)
fractional_cover(l
ENDDO

0.
) = 0.01

TRIFFID global

View bookmarks C Parameters:

Stylesheets

“iew source Do I = 1.5
Fortran generaturfurE.FGfrarr_I EI.W].I:I:I = ELEMEMI:I:/ 0.65,0.65,0.005,0.005,
Graphical simulator HFP(I}) =1

Javacrltenratur halanced LAI(I} = 1
At e J leaf_C_density(I) = ELEMENT((~ 0.0375,0.1,
Sirnple sirmulator \d| cover_loss_rate(I) = ELEMEWNT( (. 0.004,0.00
rﬁ__r_1 Disolavl | Deb max_show_alhbedo(I) = ELEMENT((~ 0.3,0.03.,0.
isplay | Display1 | Debug | stemC_ratio(I) = ELEMENT((~ 10,10,1,1,1 ~
soil_albedo(I) = 0.2
max_canopy_albedo(I) = ELEMENT((~ 0.1,0.1.
light_extinct_coef (I} = 0.5

min snow_albedo(I) ELEMEWNT({.~ 0.15,0.15,

stem_turnover_rate (1)

(1

N e min_leaf_ turnover_rate(l) = 0.25
COnnotea Taff (I} = ELEMENT( (.~ 0.,-30,999,999,999 .
e _J:J alr_temperature(l) = Z0

4 | » LaImin({I} = ELEMENT(({~ 3,3,1.1,1 ~}.I}

C Fortran code for JULES for simulating the hehaviour of "TRIFFID glabal

ELEMENT ({~ 0.1,0.1,

[»

0.1 1.1}

5,0.05 ~#),1)
0.0% ~),1)
L)

0.025,0.0
4,0.1,0.1,
8,0.8,0.8 ),
LI

0.2,0.2,0.2 7),1)
0.6,0.6,0.4 /)
0.2,0.2,0.05 /)

L1
L1

L1

|@ Transformation complete.
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C Submodel: Plant functional type

C Compartments:
DO I = 1,5
Cveg(l) =1
pheno_status(l) = 0.1
fractional _cover(l)
ENDDO

C Parameters:
DO I =1,

awl (1)
NPP(I)
balanced LAI(l) =
leaf C density(l)
max_snow_albedo(l) =
stemC_ratio(l) =
soil_albedo(l) = 0.2

5
ELEMENT((/ O
1

1

0.01

.65,0.65,0.005,0.005,0.1 /),1)

air_temperature(l) = 20
LAImin(1) = ELEMENT((/ 3,3,1,1,1 /),1)
LAImax(1) = ELEMENT((/ 9,9,4,4,4 /),1)
leaf _drop_rate(l) = 20
ENDDO

C Submodel: Soil carbon

C Compartments:
Csoil =1

C Parameters:
soil_temperature = 10
soil _moisture = 0.5

specific_soil_resp = 5*10™ -9

wilting _soil _moisture

saturation_soil _moisture =

= 0.2
1.0

Initial
section

ELEMENT((/ 0.0375,0.1,0.025,0.05,0.05 /),1)
ELEMENT((/ 0.3,0.03,0.8,0.8,0.8 /),1)
ELEMENT((/ 10,10,1,1,1 /),1)



Dynamic section

Cincrease = (l-partitioning_coef)*NPP

cover_decrease = cover_loss rate*fractional cover_star

IF leaf _mortality>2*min_leaf turnover_rate THEN dpdt = -
1*leaf _drop_rate ELSE dpdt = leaf _drop_rate*(1l-pheno_status)

IF soil _moisture fract>optimum _soil moisture fract THEN moisture mult
= 1-0.8*(soi1l_moisture_ fract-optimum_soil _moisture fract) ELSE
moisture _mult = IF soil _moisture fract <= wilting_soil _moisture fract THEN
moisture mult = 0.2 ELSE moisture mult = 0.2+0.8*(soil_moisture_ fract-
wilting _soil_moisture_fract)/(optimum_soil_moisture_ fract-
wilting _soil_moisture_fract)

DO I1=1,5

correction(l) = Cveg(1)/(CleafO(1)+CstemO(1)+CrootO(l))

ENDDO

microbial_respiration = specific_soil_resp*Csoil*temp_mult*moisture _mult
DO I1=1,5

Cstem(l) = CstemO(l)*correction(l)

Cleaf(l) = CleafO(l)*correction(l)

Croot(l) = CrootO(l)*correction(l)

litterfall(1) = Cstem(l)*stem_turnover_rate(l)+Cleaf(l)*leaf _turnover_rate(l)+
Croot(l)*root_turnover_rate(l)

live_stemC(l) = Cstem(l)/stemC_ratio(l)

height(l) = live_stemC(1)/(0.01*LAI(1))

ENDDO

Cdecrease = litterftall

DO 1=1,5

IF I<=2 THEN roughness_length_momentum(l) = 0.05*height(l) ELSE

roughness_length_momentum(l) = 0.1*height(l)
roughness_length _scalars(l) = 0.1*roughness length_momentum(l)
ENDDO



Integration section

DO 1=1,5

Cveg(l) = Cveg(l) + timestep*( +Cincrease(l) -Cdecrease(l) )

pheno_status(l) = pheno_status(l) + timestep*( +dpdt(l) )

fractional _cover(l) = fractional cover(l) + timestep™*(
+cover_increase(l) -cover_decrease(l) )

ENDDO

Csoil = Csoil + timestep*( +total litterfall -
microbial_respiration)



Assessment

Feasible to re-cast at least some JULES 'modules' in
XML.

Main constraint at the moment is the nature of the
JULES implementation.

Re-implementation in an Modelling Framework would
be a huge improvement.
Could retain much of the existing 'science' code.



Modelling Frameworks

In the UK Earth Systems community:
- FLUME (son of UM)

- GENIE

- SoftlIAM

and abroad:

- ESMF

- PRISM / OASIS

- and many more...

FLUME, Genie and SoftlAM are realisations of BFG: the Bespoke
Framework Generator

“BFG isolates the science that a model performs from the code used to
control it and couple it with other models.”

“This is useful as it promotes the idea of scientists concentrating on the
science rather than the computer science.”

“It also allows the flexible deployment of the coupled model onto
different targets with no change to the model code.”

All model metadata and specification of compositions is in XML.



A possible future

JULES 'modules’ (aka 'subroutines'?) become BFG 'models’,
and JULES becomes a BFG 'composition’.

Individual models can then be:
EITHER edited to make them BFG-compliant Fortran;

OR re-cast in XML, and used to generated BFG-compliant
Fortran.



TRoot structural pools (kg structural DM m-2).
IDifferential equations (kg structural DM m-2 day-1):
plantvr * ( IXrtl - OXrtl )

DMrtl
DMrt2
DMrt3
DMrt4
OoXrtl
OXrt2
OXrt3
oXrt4
Mrtl
Mrt2
Mrt3
Mrt4

plantvr * ( OXrtl_2 - OXrt2 ) ACSL

plantvr * ( OXrt2_3 - OXrt3 )

plantvr * ( OXrt3 4 - OXrt4 ) Hurley

OXrtl 2

OXrt3 4

+ OXrtl _deg
OXrt2_3 + OXrt2_deg
+ OXrt3_deg Model

Pasture

OXrt4_li + OXrt4_deg fragment

INTEG ( DMrtil,
INTEG ( DMrt2,
INTEG ( DMrt3,
INTEG ( DMrt4,

Mrtlic )
Mrt2ic )
Mrt3ic )
Mrtdic )

FST |

LINTUL GSO

GTW
GRT

GST

fragment |* 2.11

* 2.9 Growth of plant organs and translocation
ASRQ = FSH * (ASRQLV*FLV + ASRQST*FST + ASRQSO*FSO) + ASRQRT*FRT
TRANSL = INSW(DVS-1., 0., WST * DVR * FRTRL)

(GPHOT - MAINT + CONVL*TRANSL*CFST*30./12.) / ASRQ
FRT * GTW

FLV * FSH * GTW

FST * FSH * GTW - TRANSL

FSO * FSH * GTW

Dry matter production
INTGRL(WRTI, GRT)
INTGRL(WLVI, RWLVG)
= GLV - DLV
INTGRL(WLVDI, DLV)
INTGRL(WSTI, GST)
INTGRL(WSOI1, GSO)
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