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Improving process models with data

Model application

(within domain of validity)

(re)formulation
{Definition of model
struclure)
Model

Model validation
(against indep. data,
by scale or quantity)

GEDI Generalization
('up-scaling’)

High Resolution Laser Ranging

of Earth’s Forests & Topography

N

Model

characterization
(Forward runs, consistency check,
sensitivity, uncert, analysis)

Model

=1(0LY parameter estimation
l (Multiple data constraints)

Parameter /
interpretation

(Plausibility assessment
& evaluation of
uncertainty)

Williams et al. 2009
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Live gasssss » Dead organic Rh
biomass matter
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Data constraints : !
€1 MODIS leaf area i i Carban (C1
€2 Biomass (24)* | 200N uxes
€3 Soil C (23() ) E-E GPP = Gross primary production
) . . »
*Tropics only E __________ : Ra = Autotrophic .resplra.nm.\
c2 Rh = Heterotrophic respiration
Model drivers NPP = Net primary production (GPP - Ra)
D1 Meteorology Re = Ecosystem respiration (Ra + Rh)
D2 MODIS burned area NCE = Net C exchange (Re + Fires - GPP)

&'((*+,=*./01

National Centre for
Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

THE UNIVERSITY quDlNBURGH
School of GeoSciences




HS V&Y' (JF-++*,-+./0(*12,3,-*4(1/+526(1310%(/6/03, . (

S
W»"

92,-*+.2+($":;(
Of+/4*-*+(
9+25/5.0.-3

/ 01./0=(1+4.2>84:
:8,8-+*+,7.@451.
>8,B3).:334. -
+2*(-8*+2 -

{

I(,-/-*(0.<*0.=22>(?@61-.26(
A(25,*+8/-.26(0.<*0.=22>(B(
C/+/4*-*+(C+.2+,
D2(,C.&2C
D2QF),
D2(G-*/>3(,-/-*

TS

National Centre for
Earth Observation
NATURAL ENVIRONMENT RESEARCH COUNCIL

Secamnl /"

7.24*+.1($/-/(126,-+/.6-,
$+.8*%+,'(

$&" ()*+,(-/ 01/0 CDIEE.#'E =8)'G,3:(>84.H(3-822
+2345*(3).§780.
*(-+ 2%+ <</ << ‘

I"#$% l

ELENN

p(x|c)! p(c|x) p(x) e H 0
S - ' 01(2./334)3.
"' SYRYoH (H) ™"+, +&L" HEW'&'%"/(+0%, 1%H#+2%1' /552 6-. ' 0L
34+56™"7%&#)(),+8D"48+564'T:7:" 6)#+&/$

| °. THE UNIVERSITY of EDINBURGH

Bloom et al., PNAS, 2016. .
School of GeoSciences




HSHE ) (H, L% SH (O . ()L,

<

8
(7

8
7]

E

&

;U

«é 30

=i

& "3 10 30
Uve biomass RT [yrs)

135°W SO"W 45°W

=>{2i5##'1,*0((AIB/CD)

0° 45°E 90°E

135°€

' 0.1

s ——

4 B Foliage
- 'Fine roots
‘Wood
‘Litter

8- 1Soil C

. ‘ —

T [Foliage

'Fine roots

‘Wood

‘Litter

a 'Soil C

. D [Foliage
Fine roots
4 'Wood
oL Litter
a 'Soil €
o W Foliage
- 'Fine roots
- 'Wood
[ Litter
‘ ES 'Soil €
1 10 100 1000
Residence time [yrs]

2"## L)' W56 7819 ;<

National Centre for
Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

THE UNIVERSITY quDlNBLIRGH
School of GeoSciences



Land cover classifications do not
match parameter mappings

AF foliarf * & 0
) . AF roots |
AF — allocation fraction AFE woodl
RT - residence time RT soil C| o
AF labile! TAY
RT wood | A [t
RT roots| fa
Retrieved C LCMA | AA
AF auto. resp. |
state and RT foliar| A
process RT litter' 2 EOFs PaN
variables are LabileC['| O 4EOFs AA
Litter C/
largely bojoniitel 1B R .
: | A 18 GLOBCOVER
explained by FR(I)‘Ot g land-cover types |
eight modes of Oliar:L 1 " L A
spatial 0 0.2 0.4 0.6 0.8 1
variability Multiple correlation coefficient (R)
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Constraining local dynamics

e Coarse resolution quasi steady state analyses
are tractable

e At finer scale dynamical processes
(disturbance and aggradation) provide a
modelling challenge

200

* Aggrading forest, non steady-
state

* Duke Forest, NC (Loblolly Pine
planted in 1983)

* What information is required to
constrain model parameters?

100 150

50

AAAAAAAAA

1983 1991 1999 2006
Time (Year)
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Information content of observations

Data Reference Multi One Man No
Wood Wood Only Man

Foliar C/LAI In situ MODIS MODIS MODIS MODIS

Root C In situ - - - -

Wood C In situ annual one age -

Soil C In situ HWSD DWSD HWSD HWSD

Concept Field site BIOMASS Avitabile LC history  Baseline
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Biomass information can constrain NBP, soil dynamics

2 Ha)
—pe
7 -~ '
':-\ oo - -y - : L :
| L) ' N : '
= . | ' :
£ o = R B ol [ose
Q - 1 )
g - ' v
< w -t :
o ’ '
) —
2 oo
© P
ence Onew NoMan
Mult'Wood

Mean C,.o0s increment (MgC ha yr ')

) ";

.| =

@0 - - &)

' ! o

T =T .t |2

N e Tppm P

~ =Tk B

" ke €

| s : g

- O

o b , §
P s " Haro

Wood

increment

More assimilated information

4

(c) -
= e 44 L
o~=.“r=%ﬂ§’ ; i
Rederenoo OneWoW |
SOM
iIncrement

Smallman et al., (2017)

A National Centre for
) Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

\ > THE UNIVERSITY gf'EDlNBURGH
School of GeoSciences



"HES%&'V6()*+,)"-"), Yo (+$./-+&
<#:-3;?'%(@)A,#3-§ ) CDEBICDFC<)I-+1#(()% (/- 1#/%(@) 7+B#11-J.

“
-~

0.2 0.2

Park buffer zone Mucombezi

o

-

w
(=)
-
v

Frequency
o
Frequency
o

-.nnnnﬂﬂllllﬂlﬂﬂﬂﬂﬂl||Iﬂnumm....... HHN HWHIHMH“'“““”"'

0
-10 0 10 20 30 40 50 60 -10 0 10 20 30 40 S0 60

Above-ground biomass (t C ha™?) Above-ground biomass (t C ha?)

0-$$-#1()%/)#$2)3456

TrBHBIO(- HI)92)345: K+9)L#&)1+8%%$(),%=,%(%&/),%#$)$#&8(L#=%(@)#/)+(%,M¥
o O #'1%&/#H]-+&@)%8'%)%**%L/(@)8%' #8#/-+&@)*-, % @)9-
o F%L+&8#,?)*+,%(/(@),%',+9/"
o P+%0#HS%E*)L " H&'Y)LE,, ?)=,+L%(()-&*+,1#/-+&N

e
>, THE UNIVERSITY of EDINBURGH

9 National Centre for
Earth Observation )= School of GeoSciences

&/

NATURAL ENVIRONMENT RESEARCH COUNCIL



"HSB%& V() *+,)"-"),%(+$./-+&)01

o 2&3%,(/#&3-&")34&#5-67)8#//%,&%3)$#&3(6#8%(

o 900(+$:-&")(8#/-#$D4):#,-#;$%)8,+6% ()
5#&#'%5%&/7)3-(/.,;#&6%7)%3'%)%**%6/(7),%',+>/'

o 133):#%.%)+*)#33-/-+&#3)6+&(/ #-&/() ?%="=)/ #-1(7)(
C2!7)(+-$)5+-(/.,%D

¢ 9+:..()%,,+,)8,+8#'#/-+&

AR )’; THE UNIVERSITY of EDINBURGH
Y= School of GeoSciences

National Centre for
Earth Observation
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN




Summary

* Ccycle data is growing exponentially, higher
spatial/temporal resolution, more diverse

* Huge opportunity to calibrate and evaluate
process models

* Massive challenge to maximise data value and
develop knowledge

* Combined efforts of biogeochemical,
ecological, remote sensing, data science,
modelling communities required

National Centre for
Earth Observation
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