Shaun Quegan

— 0l e i = 4 W= "Il o =011 2 K01 im I+



1. What a C model has to do
Types of C models

3. Interfacing data to models: concepts
and examples
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Change in emphasis from prediction out to 2100 to regional &
decadal prediction

Implications:

1. For century scale prediction, asymptotic behaviour matters, not
initial conditions

2. For decadal prediction, initial conditions are critical. This changes
totally the relation between models and data and the needs of
models for data, and makes EO data an essential part of the
process.
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Terms:

* Above Ground Biomass (AGB)

* Above Ground Biomass (BGB)

o Litter

« Soil Carbon (Organic Matter. SOM)
* Leaves

 Fine Roots
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Terrestrial C-water model
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« ESM carbon flux models developed mainly to investigate
the response of the land and ocean to climate change.

 Intended to be predictive, hence parameterised rather
than data-driven.

 Designed for a data-poor environment.

e Land models extended to allow full climate-land surface
coupling so that climate-carbon cycle feedbacks can be
taken into account.
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Weaknesses of these models:

1. Not constrained by data

2. Behaviour is entirely
controlled by internal
parameters and climate

3. Focus on C fluxes, not C
pools
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The importance of getting the pools right becomes manifestly
clear from a key finding of Friend et al. (PNAS 2014):

Carbon residence time dominates uncertainty in terrestrial
vegetation responses to future climate and atmospheric CO2.
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Make the reasonable
assumption that the loss
rate from a pool is
proportional to the size of
the pool, i.e.

L=Clt
where T is the residence

(turnover) time. Then the
equilibrium size of the

pool is TP, where P is the
mean input into the pool.
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For the biomass pool, B, then in steady state,
B =15Pg

where Pg is mean production of biomass = NPP.
So we would expect: biomass «« NPP

If the fraction of NPP allocated to above-ground
biomass (AGB) is constant and known (= fg) we would
then expect

AGB o fg NPP

Then C residence time = AGB/(f; NPP)
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Modelled

“Observed” =
NPP (MODIS)/
biomass (Envisat)

Relative difference

Thurner et al. 2017
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Biomass estimates from 3 state-of-the-
art Dynamic Vegetation Models

Carbon cycle models need to be evaluated
against independent biomass maps
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Parameters
Climate

Sn Q Model ——> Spn

Other
inputs

Processes Testing

Feedback?
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Basic spatial
scale of the LSM
is the climate
grid-cell scale

Phenology

Land
cover
Forest
age

ESA UNCLASSIFIED - For Official Use

— I R =

Fire emissions
AfAPAR

LAI

Snow cover

Testing:
Radiance

Author | ESRIN | 18/10/2016 | Slide 20

Snow water
Burnt area
Parameters
Climate Processes «——|
l 4
—> 5
— S, LSM S+
x 11
Soils i Observable |«
| Possible feedback
= 111l == = i ==« EH 011 = 2= 10 -

I+l



GLCOBAL DATA SETS VLGEL A TOH E.L_-HL TE:.‘T!-I_HE Li g h t U Se Effi Ci e n Cy :
K. CLIMATE - wegs "r:l-[-}' T.Ir.ﬂ.'l " et
¥

GPP = € x PAR x fAPAR

ECOSVETEM MADEL - . — € = Emax X ft X fW
=
e .

ol Podter ann K lanshar | 155 )

ESA UNCLASSIFIED - For Official Use Author | ESRIN | 18/10/2016 | Slide 21

— 0 he i 4 W = "Il D - == 11 im I+



Latitude

Latitude

A : grassland

549

525

509

545

529

509

-2°
Longitude

-4°

C: DcBI

-2° 0°

Longitude

-4°

B

: crops

54°
52°
50° :
- -2° 0°
4°  Longitude
D: EvNI
i
|: 0 0.4
54° l.':L ‘.h
« Pt
o
o B
i h .
= =k
500 * | ,
-4° -2° 0°
Longitude



Lamel Camer lby [RatitudelBands

Eurasia

N. America

Trees Herbaceous Bare Ground
Key eDriving the models with different land cover
Messages: data sets causes the NBP to differ by up to

30%.
eWater fluxes remained largely unchanged.




NEP simulated by ORCHIDEE-FM with (b) and without
(a) input age maps reconstructed from biomass data
(Bellassen 2012)
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The Date of budburst derived from
minimum NDWI (VGT sensor, 2000)

Day of year
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The spring warming budburst algorithm

When 2. min(0, T —T,) > Threshold, budburst occurs.

days

The sum is the red area. Optimise over the 2 parameters, Threshold

and T, (minimum effective temperature).

Start of budburst
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Spatial variation of model-data fit
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Comparison of ground data with

calibrated model
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2

Net Production (gC/m’/year)

Effects of bias on NPP
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Spatial pattern of burn 2001

Fraction of area burnt per pixel



Spatial pattern of burn 2004

Fraction of area burnt per pixel



Burnt Area and Emissions

Burnt Area (Mha yr1), 50°- 75° N Fire Emissions (TgC yr1), 50°- 75°
N



a terrestrial ecosystem carbon cycle analysis

CARDAMOM DALEC:

Posterior DALEC
Parameter
Probability
1° x 1° Pixel Scale
Parameter, Flux &

C state likelihood

| function = observation
likelihood & parameter
priors
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Bloom et al., 2013, in
prep.
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Geo-referenced Atmospheric

emissions inventories measurements
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