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Vegetation Optimality Model
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HYPOTHESES

* Observed vegetation dynamics in tropical savanna sites can be
explained by the maximization of Net Carbon Profit.

* Optimization of vegetation properties for the Net Carbon Profit
leads to reduced data requirements for Land Surface Models

* Hydrological formulation of Land Surface Models matters for
flux exchanges
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Getting the hydrology right:

* Groundwater influences root water
uptake

* Water balance should be correct
* Modelling for the right reason

Free draining conditions
* Conventional approach
* Large unsaturated zone (Zr = 30m)
* No influence of groundwater table

A

Deep soils
30m

RRRT

Dynamic water tables
Unsaturated zone from 5 — 30m

Based on max. elevation and
stream elevation

Drainage depends on slopes
Influence of groundwater tables

Shallower
soils
5-30m
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* Mean annual rainfall: 500-1800 mm

* Pronounced wet season: Nov-Feb

* Evergreen trees + seasonal grass

- Evaporation and CO, fluxes >10 years

8 HowardSprings
+ AdelaideRiver

® DalyUncleared
¢ DryRiver

A SturtPlains

Howard Springs

g =i 1700 mml/yr

\4— 850 mm/yr
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Renku is an environment for collaborative, reproducible
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- * Tracking of scientific steps to
- & create data lineage, i.e. a
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* Kubernetes
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Go to RENKU website »


https://renku.readthedocs.io/en/latest/index.html
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Renku run makes sure the workflow is
tracked

Renku status shows if all outputs are
generated from the most recent input data
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Renku log shows how a file is generated. In
other words, is shows the knowledge graph.
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Go to workflow of this experiment->



LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

UsTo @

Luxembourg National
h Fund

INITIAL RESULTS
Reasonable match observed and modelled fluxes
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* Similar results with
less data

Correct seasonal
amplitude in most
cases
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* Similar results with
less data

* Correct seasonal
amplitude in most
cases

* Improvements still
needed:
= Assimilation too
high
= Especially for
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IMPROVING HYDROLOGY AND CARBON COSTS

Hydrology differs strongly, but has hardly
any influence on fluxes
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IMPROVING HYDROLOGY AND CARBON COSTS

10 T U 0.0
—— cpcff=1.0 umol m3 s-1 T BN precipitation
. 81 — cpcff=1.2 umoi m3s1 ‘ 50.0 =
o — cpcff=1.4 umol m3s-1 =
=~ 4
E 6 cpcff=2.0 umol m3 s—1 Al . N .‘ I & ! 100.0 E
£ S| B W a0 P I s | ] T a
— 4 ﬁ “[- i k ‘ i ! I ‘ |; ‘f 150 0 U
L] i AR R | b I L LM @
5 WA ! I T g Il [ A W b200.0a
Py ARAN R Ly TN Free draining condltlons
- g 0 ‘ | | . | | 250.0
10 u T = 0.0
é Tr— cpcff=1.0 umol m3 s-1 : |“T EEE precipitation
E 81 — cpcff=1.2 umoi m3 s1 ‘ +50.0 =
7= ] (@) o | — cpcff=1.4 umol m3 s~1 | | =
E E ; e 6 cpcff=2.0 umol m3 s~1 i A | | X. ﬂ] 100.0 E
= i o £ Mo Ll bt A £
L ) O ~ 4 Ik AT T | '\ L (lf150.0
= R i T T i LA | 5
| f ‘ U \ * ; 1 (W '\\ pud
v ’l I y f i r AL LW 2000
o ' : Dynamic water table
‘ ‘ 250.0

2007-01% "~
2007-05 |
iy
2008-01
2008-05
2008-09
2009-01 L‘
2009-05
2009-09

See more ...

Improvements by the hydrology:

* Only small improvements at end of dry
season

- m)




LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

UsTo @
I: Luxembourg National
esearch Fund

IMPROVING HYDROLOGY AND CARBON COSTS
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* Higher values of the water transport cost parameter
improve assimilation

-‘q * Only small differences for dynamic water tables
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VEGETATION DYNAMICS

* Temporal signal largely reproduced
* Timing improves for higher cost factor

* Higher minimum cover for non-freely draining conditions
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| Dynamic water table
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CONCLUSIONS

Optimizing for the Net Carbon Profit leads to similar
vegetation dynamics as observed

Similar performances as conventional models, with less data
Not a clear influence of the hydrological formulation
Cost factor for water transport needs to be refined

Reproducible science with Renku! ==)
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Knowledge graph

41 Data

/dala/Silo/adelaide. txt

@: _pyfwrlta_dallvwaalherEL\ /data/Maunaloasweekly_in_situ_co2_mio.csv

L

—t * a=-
generate model inputs
#94b34::python3 write_dailyweather.py [...]
I
v

#94b34:/data/VOM_input/AdelaideRiver/dailyweather.pm /work/AdelaideRiver/vom_r i fwork/) Jiver/run_vom.sh

)

o~
compile model / run optimization
#1858b:: bash run_vom.sh [...]
3|

3

IEE_ py/sel_sce_runs.py #f859b /data/VOM_output/AdelaideRiver/sce_out. txt

= +
select best 5% to determine bounds

#cadd3::python3 sel_sce_runs.py [...]
=

\

IEc_uhfrun_vom_best.sh #bc349.:/work/AdelaideRiver/bestruns/tmp/” #cadd3/work/AdelaideRiver/bestruns/pars

\

- 3 3 s Tk

Py,
)
S
=
c
3
o
AT
o
=

rerun the best models
#95725::bash run_vom_best.sh [...]

i ‘\ Tasks ; example E

TO o) I S IE:_pyfproc_susvom_etmEl #95725:/data/VOM_output/AdelaideRiver/best

calculate min/max boundaries of \

evaporation / derive uncertainties #95725 /data/VOM_output/AdelaideRiver/bestiresults_daily1
#4df05::python3 proc_scevom_etot.py [...] \

)

@)
=
=
@
=

IETG _py/plot_et_ass.py

| Most data comes in

| L

st ] at the end for
evaluation!

)
(]
i
#40df05./data/VOM_oulput/AdelaideRiver/processed’ :
]
.,

#af62¢:/img/evap_adelaide.png
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CARBON COSTS
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* Root respiration is a function of respiration rate (ck,, mol s-* m-3), fine root radius

(r, m), root surface area per unit ground area (S,, m2 m-=) .
r

Rr:CRr(ErSAr)

 Leaf area costs are a function of vegetated fraction (M,, -) , clumped leaf area
index (2.5, -), average carbon investment (0.22 umol s-' m-2):

R,=2.5%0.22umols 'm *M,

- Water transport costs are a function of rooting depth (y,), vegetated fraction
(M,, -) and a cost factor (cpcff, mol s-* m-3):

- 5
()

)

=

(e

_ E
- . O
| 1 -
' g -
H ! —h
i_: o

- m)

R,=cpcff*M,y,

The cost factor cpcffis rather unknown, and may need refinement.
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See more ...

Improvements by the hydrology:
* Dynamic groundwater tables improve

-‘q evaporation at end of dry season

* Still just small improvements
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IMPROVING HYDROLOGY AND CARBON COSTS
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See more ...

Improvements by the hydrology:

* Dynamic groundwater tables do not show a
-‘q strong improvement
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* Higher values of the water transport cost parameter
improve assimilation

* Dynamic groundwater tables do not help for
assimilation
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Improvements by the hydrology:

* Dynamic groundwater tables do not show
-‘q strong improvements
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* Higher values of the water transport cost parameter
improve assimilation

* Dynamic groundwater tables do not help for
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* Higher values of the water transport cost parameter
improve assimilation

-‘q * Dynamic groundwater tables do not help for

assimilation
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* Higher values of the water transport cost parameter
improve assimilation

* Dynamic groundwater tables do not help for
assimilation
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* Temporal signal largely reproduced
* Timing improves for higher cost factor

* Similar minimum cover for dynamic water tables
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VEGETATION DYNAMICS

* Temporal signal largely reproduced
* Timing improves for higher cost factor
* Higher minimum cover for non-freely draining conditions

100wy AT W m
801 | . | ‘.

60
40
20+

B®95 1996 1997 1998 1999 2000 2001 2002 _ 2003 _ 2004 _ 2005

RENAY
gttt % ng TH

Perc.Cov (%)

Free draining itions

80
60+
. 404

MOJMIOM NYUSY

Dynamic watlﬂeb’e/

Perc.Cov (%)

20-
395 1996 1997 1998 1999, 2000 20012002 2003 2004 2005
—— Frac. Cover. fPar \\\ See more ...
B cpcff=1.0 umol m3 s—1 ‘
mm cpcff=1.2 umol m3 s~1 Better Higher

e minimum
cpcff=2.0 umol m3 s~1




LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

UsTo @

Luxembourg National
h Fund

VEGETATION DYNAMICS

* Temporal signal largely reproduced
* Timing improves for higher cost factor
* Higher minimum cover for non-freely draining conditions
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remko@ERIN-RNI-30243: ~frenku_egu
File Edit View Search Terminal Help
remko@ERIN-RNI-30243:~/renku_egu$ renku run bash run_vom.sh ../../data/vOM input/HowardSprin
: : gajdailyweather.prn vom_namelist ..j..fsrcijMfUDM_Fortran,.f‘lJDM-cadej*l (S
Motivation | =)
Hypotheses
Methods
Results
Conclusions | |
Knowledge gra —

Renku log shows how a file is generated. In Renku log
other words, is shows the knowledge graph.

Show knowledge graph
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remko@ERIN-RNI-30243: ~frenku_egu

File Edit View Search Terminal Help

: remko@ERIN-RNI-30243:~/renku_egu$ renku status
Motivation i on branch master

i remko@ERIN-RNI-30243:~/renku_egus |]
Hypotheses |

Methods

Results

Conclusions | |

Knowledge graph
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RE N KU EE Luxembourg National
Fund
remko@ERIN-RNI-30243: ~frenku_egu
File Edit View Search Terminal Help
o remko@ERIN-RNI-30243:~/renku_egu$ renku update
Motivation Resolved '.renku/workflow/21b601c544df4dc8872173d045c3d8d6.cwl’ to 'file:///home
o /remko/renku_egu/.renku/workflow/21b601c544df4dc8872173d045c3d8d6.cwl’
Hypotheses g [workflow ] start
> [workflow ] starting step step 1
c [step step 1] start
Methods s [job step 1] /tmp/tmp4gqpm8iflS cp \
9., Jtmp/tmptilyrl2o/stg2e3ad4ed46-0fc8-4bc9-af40-55831c9b59%ae/evi_adelaide. txt \
Results =Y pc_mod. txt
% [job step 1] completed success
Conclusions [step step_1] completed success
[workflow ] completed success
Knowledge graph remko@ERIN-RNI-30243:~/renku_egu$% I

{Previous < Home > Next
Prvous ome. ot
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Fund
Renku run makes sure the workflow is Renk
n run
tracked ShRU U
Motivation
o remko@ERIN-RNI-30243: ~frenku_egu
Hypotheses g File Edit View Search Terminal Help
& B emko@ERIN-RNI-30243:~$ cd renku_egu/
Methods s Iremko@ERIN-RNI-30243:~/renku_egu$ renku log --format dot evap_adelaide.png | dot
S) -Tpng > ../../../knowledge graphs/evap_adelaide.pngl]
Results Ly
(@)
. A =
Conclusions |
Knowledge graph

other words, is shows the knowledge graph.

Show knowledge graph

(Previous @ Next )



LUXEMBOURG
INSTITUTE OF SCIENCE

CO, RECORDS

UsTo @

Luxembourg National
Research Fund

Atmospheric CO, levels are needed as input for the

VOM model. Therefore, weekly data is taken from the
Mauna Loa observatory.
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Conclusions ||
Knowledge graph
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CO, RECORDS

Atmospheric CO, levels are needed as input for the

VOM model. Therefore, weekly data is taken from the
Mauna Loa observatory.

remko@ERIN-RNI-30243; ~/renku_egu
File Edit View Search Terminal Help

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

remko@ERIN-RNI-30243:~/renku_egu$ renku dataset create Maunaloa
Creating a dataset ..
remko@ERIN-RNI-30243:~/renku_egus I

Add data

LSTO @

Luxembourg National
Fund

Back to knowledge graph
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CO, RECORDS

Atmospheric CO, levels are needed as input for the

VOM model. Therefore, weekly data is taken from the
Mauna Loa observatory.

LSTO @

Luxembourg National
Fund

Motivation ||

I

| remko@ERIN-RNI-30243: ~frenku_egu
Hypotheses | |

: File Edit View Search Terminal Help
Methods i remko@ERIN-RNI-30243:~/renku_egu$ renku dataset add MaunalLoa http://scrip
psco2.ucsd.edu/assets/data/atmospheric/stations/in_situ co2/weekly/weekly
in_situ co2 mlo.csv
dding data to dataset | ] 1/1 http
://scrippsco2.ucsd.edu/assets/data/atmospheric/stations/in_situ_co2/weekl
dding data to dataset [ 1 1/1

Results

)

MOJJMJOM NYUSY

Conclusions |

____________

Knowledge graph

remko@ERIN-RNI-30243:~/renku_egu$ ||

Back to knowledge graph
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SILO WEATHERDATA

weatheroffice.

Meteorological data are needed as input for the VOM
model. Data is taken from the Australian Silo
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SILO WEATHERDATA

Meteorological data are needed as input for the VOM
model. Data is taken from the Australian Silo
weatheroffice.

g remko@ERIN-RNI-30243: ~/renku_egu

File Edit View Search Terminal Help

remko@ERIN-RNI-30243:~/renku_egu$ renku dataset create SILO
Creating a dataset ...
remko@ERIN-RNI-30243:~/renku_egus I

et radiation. (M)/m?)

Temp. (C°)

Vapour press. (hPa)

Back to knowledge graph
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SILO WEATHERDATA

Meteorological data are needed as input for the VOM
model. Data is taken from the Australian Silo
weatheroffice.

Motivation ||

I

Hypotheses
: remko@ERIN-RNI-30243: ~/renku_egu

Methods File Edit View Search Terminal Help

remko@ERIN-RNI-30243:~/renku_egu$ renku dataset add SILO ../data/Silo/howard.txt I
Results

)
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Conclusions |

Knowledge graph
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CREATE MODEL INPUT
The meteorological data and the atmospheric CO,

~ | Luxembourg National
Research Fund

data need to be processed and formatted in order
to serve as input for the model.

dailyweather.prn

e
Dcum Day Month Year T.Max T.Min Rain Radn VP Pres Ca

1 1 1 1980 31.50 23.50 10.70 10.00 30.00 1005.00 337.67

2 2 1 1980 28.50 23.50 40.90 6.00 29.00 1004.00 337.67

3 3 1 1980 28.50 23.50 14.10 7.00 30.00 1004.50 337.67

4 4 1 1980 30.00 23.00 14.30 10.00 31.00 1004.50 337.67

m 5 5 1 1980 31.00 24.00 17.60 12.00 31.00 1005.00 337.67
CD (<] (5] 1 1980 31.50 24.50 12.90 14.00 33.00 1004.00 337.48
7 7 1 1980 32.00 24.00 85.20 16.00 31.00 10085.50 337.48

3 8 8 1 1980 33.50 24.00 30.50 24.00 34.00 1006.50 337.48
x =] =] 1 1980 32.50 22.50 17.30 17 .00 31.00 1006.50 337.48
C 10 10 1 1980 32.50 24.50 8.10 20.00 31.00 1007.00 337.48
11 11 1 1980 34.00 25.00 16.20 22.00 33.00 1008.50 337.48

12 12 1 1980 32.50 26.50 11.20 14.00 34.00 1009.00 337.48

E 13 13 1 1980 34.00 25.50 17.90 19.00 33.00 1007.50 338.38
o 14 14 1 1980 34.50 24.00 26.80 15.00 32.00 1008.50 338.38B
15 15 1 1980 33.50 24.00 26.10 20.00 34.00 1009.00 338.38

; 16 16 1 1980 34.00 26.00 2.50 21.00 34.00 1008.50 338.38
17 17 1 1980 32.50 21.50 20.10 14.00 29.00 1009.00 338.38

_—h 18 18 1 1980 29.00 23.50 25.70 6.00 30.00 1009.00 338.38
o 19 19 1 1980 31.50 24.50 8.10 16.00 31.00 1008.00 338.38B
20 20 1 1980 33.00 23.50 9.50 20.00 32.00 1009.50 338.49

E 21 21 1 1980 32.50 24.00 41.60 17.00 30.00 1010.00 338.49
22 22 1 1980 31.50 22.00 10.70 17.00 26.00 1009.00 338.49

23 23 1 1980 32.00 23.50 9.10 18.00 29.00 1009.00 338.49

24 24 1 1980 31.50 24.50 9.00 16.00 32.00 1008.50 338.49

25 25 1 1980 32.00 24.50 1.80 19.00 32.00 1008.50 338.49

26 26 1 1980 31.00 24.50 6.50 16.00 31.00 1007.50 338.49

27 27 1 1980 31.00 23.50 20.00 10.00 31.00 1005.50 338.05

28 28 1 1980 29.50 23.50 23.40 11.00 30.00 1005.00 338.05

29 29 1 1980 31.00 24.50 6.20 14.00 32.00 1005.50 338.05

30 30 1 1980 30.00 25.50 9.70 10.00 30.00 1006.50 338.05

31 31 1 1980 32.50 24.50 3.80 10.00 33.00 1008.50 338.05

32 1 2 1980 31.00 24.50 20.10 12.00 33.00 1010.00 338.05

33 2 2 1980 30.50 22.50 38.40 9.00 30.00 1009.50 338.05

34 3 2 1980 30.50 23.50 14.00 12.00 30.00 1006.50 338.14
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The meteorological data and the atmospheric CO_

remko@ERIN-RNI-30243: ~frenku_egu
File Edit View Search Terminal Help

: remko@ERIN-RNI-30243:~/renku_egu$ renku run python3 src_py/write dailyweather.py
Motivation i -im data/Silo/howard.txt -ic data/MaunalLoa/weekly in _situ co2 mlo.csv -p linear
: -0 dataNDM_inputhowardSpringsfdailyweather.prn*

Hypotheses
Methods
Results

Conclusions | |

Knowledge graph

nand
Previous [<<Home >| Next
dge graph
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RUN VOM OPTIMIZATION

The Shuffled Complex Evolution algorithm is used in
order to derive the vegetation properties that maximize
NCP.

¢ Sample s points

* Rank points

* Partition into complexes
* Evolve complex

* Shuffle complexes

* Check convergence

MOJMIOM NYUSY

Figure from : Duan, Q., Sorooshian, S., Gupta, V.K., 1994. Optimal use of the SCE-UA global optimization method for calibrating watershed
models. Journal of Hydrology 158, 265—284. https://doi.org/10.1016/0022-1694(94)90057-4
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RUN VOM OPTIMIZATION

The Shuffled Complex Evolution algorithm is used in

order to derive the vegetation properties that maximize
NCP.

_ a) Generation of the First Offspring

Motivation I

Hypotheses

| ¢ Sample s points
remko@ERIN-RNI-30243; ~/renku_egu
File Edit View Search Terminal Help

remko@ERIN-RNI-30243:~/renku_egu$ renku run bash run_vom.sh ../../data/vOM_input/HowardSprin
gs/dailyweather.prn vom_namelist ..f..jsrchDM}UDM_FurtranfUDM-codef*l

Methods

Results

)

MOJJMJOM NYUSY

Conclusions |

Knowledge graph

{Previous |<Home Next % % °
Figure from : Duan, Q., Sorooshian, S., Gupta, V.K., 1994. Optimal use of the SCE-UA global optimization method for calibrating watershed g g p
models. Journal of Hydrology 158, 265—284. https://doi.org/10.1016/0022-1694(94)90057-4
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UNCERTAINTY ESTIMATES & STATISTICS

The model runs with the 5% highest NCP are
selected in order to construct uncertainty bounds.

To assess the model performance, several
independent datasets are used:

* DINGO fluxdata
* Fraction vegetation cover from fPar

The performances are assessed by:

Timeseries with uncertainties
Relative errors annuan and seasonal

Residuals

Kling-Gupta efficiencies _
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UNCERTAINTY ESTIMATES & STATISTICS

The model runs with the 5% highest NCP are
selected in order to construct uncertainty bounds.

remko@ERIN-RNI-30243: ~/renku_egu

Motivation : L :
File Edit View Search Terminal Help
Hypoth &
ypOt eses ‘:'3 remko@ERIN-RNI-30243:~/renku_egu$ renku run python3 src_py/sce uncertainty.py -i
= data/VOM output/HowardSprings/sce out.txt -o data/VOM output/HowardSprings/free
Methods s drainage cpcff1.8/bestruns/ -p -w work/HowardSprings/freedrainage cpcffi1.0/best/
o 5-op111111601-ddata/voM_input/HowardSprings/dailyweather.prn -eo data
Results Y /DINGO/Ea_howard.txt -ea data/DINGO/GPPdaily howard.txtf]
(@)
: A =
Conclusions |
Knowledge graph

Kling-Gupta efficiencies
Residuals Back to knowledge graph
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Fluxes are derived with the DINGO algorithm from the
flux towers at the study sites.
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Switching the vegetation properties for the two hydrological
situations leads to similar results:
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