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Introduction: CO, sources/sinks

sink { (gross) photosynthesis rate A

. f source leaf respiration Rygas

soil respiration Rgg;

vt
MO o

| root (autotrophlc) v s 7 %,

microbial (heterotrophlc)

* Natural CO, fluxes depend on:
- plant type (e.g. agriculture, forests, grassland, ...)
- soil conditions (texture, temperature, moisture)
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Introduction: CO, sources/sinks

sink { (gross) photosynthesis rate A

. f source | 'eaf respiration Ryeqs

soil respiration Rgg;

v i
MO o

| root (autotrophlc) v “*«w %.

o

microbial (heterotrophlc)

* Natural CO, fluxes depend on:
- plant type (e.g. agriculture, forests, grassland, ...)
- soil conditions (texture, temperature, moisture)

* Anthropogenic emissions
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s atmospheric CO, variability
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e Diurnal cycle:

co
- net gain of CO, during night (R + R..;) 2

- net loss of CO, at daytime (R,.;; + R, — A)

soil

e Spatial heterogeneity:

- atmospheric transport
- land surface heterogeneity (land use, orography)
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atmospheric CO, variability =A—
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e Diurnal cycle:

co
- net gain of CO, during night (R, + R ’

- net loss of CO, at daytime (R + R

soil)

—A)

soil

e Spatial heterogeneity:

- atmospheric transport
- land surface heterogeneity (land use, orography)

» Motivation:

Mesoscale simulation of atmospheric CO, variability
—> understand diurnal variability and spatial CO, patterns
- useful information i.e. for inverse modeling, plant science, ...
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COSMO » TerrSysMP: = poster Shrestha et al.

atmospheric .
transport atmr::f':fr'c - Coupling of COSMO (4.21) with the

Community Land Model (CLM3.5) via the
external coupler OASIS3
- TERRA is replaced by CLM

downscaling T upscaling - further coupling to the hydrological model

it i it OASIS ParFlow possible (not used for this study)
conversions 1 conversions coupler
photosynthesis CLM

plant respiration
soil respiration

land surface
model
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TerrSysMP with CO, coupling
2

upscaling

COSMO » TerrSysMP: = poster Shrestha et al.

atmr::f':fric - Coupling of COSMO (4.21) with the
Community Land Model (CLM3.5) via the
external coupler OASIS3

- TERRA is replaced by CLM

- further coupling to the hydrological model
OASIS ParFlow possible (not used for this study)

coupler

downscaling

unit
conversions

unit
conversions

» Extension with CO, coupling (two-way)

- CLM calculates natural CO, fluxes using atm.
CO, from COSMO

CLM - COSMO receives net CO, flux from CLM

photosynthesis
plant respiration
soil respiration

land surface
model

- COSMO performs atmospheric CO, transport
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=~ TerrSysMP with CO, coupling
e 1

atmospheric COSMO I

transport atmospheric I
model

TR 32

downscaling 1 upscaling
. : . OASIS
unit I unit
) I . coupler
conversions 1 conversions
photosynthesis CLM

plant respiration
soil respiration

land surface
model
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CO, transport and o
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> Inclusion of an atmospheric tracer in COSMO_4.21
—> needed for the atmospheric transport of CO,

> Anthropogenic emissions:

- use of CO, emission data
[provided by TNO, The Netherlands]

- downscaling to 1 km resolution
[provided by P. Franke, E. Bem (RIU Kdln)]

- calculation of hourly emissions depending on
month, weekday, time of day
—> introduced as CO, source
to the CO, tracer in COSMO

Downscaled (1 km) anthropogenic
CO, emission [mg m2 s1]
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=~ TerrSysMP with CO, coupling
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atmospheric
model

atmospheric | updated COSMO
co,

transport

downscaling upscaling

OASIS

unit
coupler

conversions

unit
conversions

I I

I photosynthesis CLM |

| plnu.nt res,cfirafion land surface I
soil respiration model

Lk I
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* photosynthesis (A) and canopy transpiration (TP) is controlled by the
stomatal resistance r of leafs:

atmosphere A TP
1 A e S Cs stoma\ Fst €
e am - - -
st Cs€
based on Collatz et al. (1991, 1992) C; e’
leaf interior '
m = m (PFT) e,  saturation vapor pressure in the leaf
A gross photosynthesis P, atmospheric pressure
¢, CO, partial pressure b minimal stomatal conductance

e, vapor pressure at leaf surface

=> ¢, e, and P_,, are derived by COSMO variables p, q, and q.q, at surface level

leaf (dark) respiration: o 4 e s

sourceT leaf respiration Ryeaf
Rleaf = 0' 015' V V. ..., Maximum rate of carboxylation

soil respiration Rggy
C max ¢ max
based on Collatz et al. (1991)
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Soil respiration A~
> Heterotrophic soil respiration: o _<—<E
Inputs Decay
- Implementation of the carbon turnover (o] —<
model RothC-26.3 (Coleman and Jenkinson, 2008) L D_T
into CLM3.5
—> calculates decomposition of organic carbon Coleman and Jenkinson (2008)

into carbon pools and CO, (A, B horizon)
—> generated CO, is released to the atmosphere

» Decomposition of leaf litter and organic
matter (O horizon)

» Autotrophic (root) respiration depending on ,
plant activity (photosynthesis, carbon allocation) c~.5|

www.nhesoil.com
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Model domain

AIEFE

Jiilich tower:

ol

topography [m] PFT type

<mm ] ‘ ' 2

<0. (A =75.0) >750.0 . 5 7. 10. 18. 15. 16,
1 needleleaf trees (9.7%) 15 crops (36.6%)
7 broadleaf trees (30.8%) 16 urban (13.5%)

13 grassland (5.4%) rest (3.9%)
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_.  mesoscale heterogeneity = s

» Horizontal CO, distribution:

C0, concentration [PPMV]

4 - I
<360.0 {A =5.00) =>435.0

201207-23, 18:00:00 UTC
Markus Ubel University of Bonn (TR 32) 10




Diurnal CO, cycle and 2~

» Vertical cross section of CO,:

CO, concentration [PPMV] 2012-07-24, 04:00:00 UTC CO, concentration [PPMV] 2012-07-24, 14:00:00 UTC

2000 2000

422.0
418.0
414.0
410.0
406.0
402.0
398.0
394.0
390.0
386.0
382.0
378.0
374.0
370.0

1500 1500

1000 1000

height [m]
height [m]

500

50.0 50.2 50.4 50.6 50.8 51.0 51.2 50.0 50.2 50.4 50.6 50.8 51.0 51.2

0
latitude ['N] latitude ['N]

e early morning (04 UTC):
- accumulation of CO, only near the surface during night
- strong decrease of CO, in the lowest 100 m —> stable stratification (clear sky)

« afternoon (14 UTC):
- influence of photosynthesis in the whole atm. boundary layer = convective ABL

Markus Ubel University of Bonn (TR 32) 11



CO, and energy fluxes
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* net ecosystem exchange (NEE)

winter wheat grassland needleleaf forest
(Merzenhausen) (Niederzier) (Wiistebach)

umol(CO,) m”s™

X I E
NEE simulated I NEE simulated

-20 ! X NEE measured
X NEE measured X NEE measured L
-40 . . . . : =20 I
5 10 15 20 25 30 5 10 15 20 25 30 5 © .5 % »

simulation time [h]

* latent heat flux (LH) / sensible heat flux (SH)

—r— ST T 400 | 400
%

LH simulated
SH simulated

LH simulated
SH simulated

300 X LH measured x X * 300 * LH measured
X SH measured X SH measured

200

wm?

5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25
simulation time [h]
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= \lertical profile measurements of CO

measurements of CO, concentrations at a 120m tower
of Research Centre Jilich GmbH in

10m, 20m, 30m, 50m and 100m

ww.fz-juelich.de

il Hoshe Mitel
# 10m 4£03.25
@ 20m 20435
& 30m 3543
I & 5Dm 35851

F | |

1 ! f

- N i ]

Kﬂj ,' .-_h‘{i -'l:lllﬂﬁ “ﬂ |‘|L[I L ‘ A | 'J.l \ EL‘ | ’II

i Irl,-::"?"- It I,'H 'Iu \ . f' .EJ‘ i . - / | i'. \ |

8 4 ‘ i)W | ! i | 1 [k i L

ATV Wi :
w l.ﬂ:lglg t\:" 4 { o l')*ﬁf

CO2[pern]

=

T T T T T T T T T T T T T T T
2014-06-01  2014-D6-02 2014-D6-03 2014-06-04 2014-06-05 2014-05-06 2014-05-07 2014-D6-08 20M4-06-09 2014-06-10 2014-06-11 2014-06—12 2014-06-13 2014-06-14 2014-D05-15
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= \lertical profile measurements of CO

measurements of CO, concentrations at a 120m tower
of Research Centre Jilich GmbH in

10m, 20m, 30m, 50m and 100m

Simulation with TerrSysMP:
03.-10. July 2014

\ www.fz-juelich.de
1 X L,
& 20m 40485

& 30m 3543

f \ & sDm 3251
i + 100m 39979

' \
L b ||
2 ﬂﬁ Lh‘||| "IIJII|"' “ﬂ‘ I}[l ‘ ' h ;[ _‘ |:-|J | '|
}LI ||I|';:JI.H IIII | -'Iillu l‘J i l’r' I'J‘ ‘I' I\' II \ I 0 Y '; | .i. .’ "I
g A T i . ol

: ]" I . A R y | A A 1| f ) i |_-.& I & [ 'ﬂ o

CO2[pern]

T T T T T T T T T T T T T T T
2014-06-01  2014-D6-02 2014-D6-03 2014-06-04 2014-06-05 2014-05-06 2014-05-07 2014-D6-08 20M4-06-09 2014-06-10 2014-06-11 2014-06—12 2014-06-13 2014-06-14 2014-D05-15

Markus Ubel University of Bonn (TR 32) 13



Institut

Bonn

Universitdt

Metecrologisches

CO, transport in the boundary layer
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T T T T T T T T T T T T T T T T T T T T T

T

480 10.0 m (TerrSysMP) —:
— 35.7 m (TerrSysMP) —
73.0 m (TerrSysMP) 1
460 122.3 m (TerrSysMP) —
990.2 m (TerrSysMP) _
=" 440 —
E ]
% _
= 420 ]
8 oo /M E
400 A A __
v P ) “‘ b il
380 R v A
360 | , . . N
480 i \ + 12.5 m (measurement) —:
-+ 32.5 m (measurement) —
+ 52.5m (measurement) | _ |
460 + 102.5 m (measurement) =
Z 440 —:
& |
— 420 ]
8 | m
400 " ]
380 _
360, 1 l —
03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.
date
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CO, transport in the boundary layer
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480 10.0 m (TerrSysMP) _:
35.7 m (TerrSysMP) —
73.0 m (TerrSysMP) 1
460 122.3 m (TerrSysMP) 1 1 ]
990.2 m (TerrSysMP) _
=" 440 —
E ]
% —
= 420 1 —
NV, =
2 “ PN 4 m = MM /‘! Y .
380 v a W . Ay
\ _
360 1 L L L I L L L | | | . 1 L 1 1 L L —_
480 :— i \ + 12.5 m (measurement) —:
L -+ 32.5 m (measurement) —
Y. + 52.5m (measurement) | _ |
460 C + 102.5 m (measurement) =
g MO A 1 l .
g -
— 420 [+ x ]
& aveal .
(®] I R ' ]
400 /. § ]

B ";v:i"‘.hm. 7
380 A, ]
360(, 1 1 , 1 . l —

03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.
date
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CO, transport in the boundary layer

T

TR 32

480

460

440

420

W|IllllH]lIl‘I

CO, [ppmv]

400

380

360

T T T T T

10.0 m (TerrSysMP)
35.7 m (TerrSysMP)

73.0 m (TerrSysMP)
122.3 m (TerrSysMP)
990.2 m (TerrSysMP)

T T T T T T T T T T T T T

480

460

440

420

CO, [ppmv]

380

360

400 |

1 L L L 1

T

+ 12.5 m (measurement)
-+ 32.5 m (measurement)
+ 52.5 m (measurement)
+ 102.5 m (measurement)

lll]lllllllll\lllllA-IHI}I||III|IIIIIII|III|I_

04.06. 05.06.

06.06.

07.06.
date

Markus Ubel
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10 m above ground

480 10.0 m (TerrSysMP) f=————
12.5 m (measurement) I .‘l I
460 | i 1 1
: I l’
> [
E 40— &+ L : :
1 | | |
= 420 - I I ' I
O I i [ | f [
© 4001 [ y\k I : , - ]
H 1 " : l \ I l
380 d ; "
I [ l v ‘H
30—, 2 mmmm=== e — - -
03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.

date

e good agreement of diurnal CO, amplitude on days with cloudy nights and

moderate wind

e underestimation of nocturnal CO, concentration in clear sky nights with weak wind

Markus Ubel

University of Bonn (TR 32) 15



=~ CO, transport in the boundary layer =3~
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35 m above ground

35.7 m (TerrSysMP)
32.5 m (measurement)

480

460

440

e
-+

’III[III[INI‘I

420

CO, [ppmv]

[T

400

ll|[|l||l|i||l[[l||l

380

I i#
| Ll 1§

360 N S TP T TP A

03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.
date

e better agreement of nocturnal CO, concentration in 35 m above the ground
- slightly too low diurnal amplitude

Markus Ubel University of Bonn (TR 32) 16
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= 100 m above ground

T T T T T T T T T T T T T T T T T T T T TR T T T T T T T

122.3 m (TerrSysMP) [=—————
102.5 m (measurement)

480

460

440

420

CO, [ppmv]

;llll‘l[[|lll‘lll|l

I|I||||Il||||‘\||||

400

[

380

‘u
q“k

|Ill

30—, . e  mmmm——_—-
03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.
date

e good agreement of diurnal CO, amplitude independent of the weather situation

Markus Ubel University of Bonn (TR 32) 17
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= CO, transport in the boundary layer

= 100 m above ground

TR 32

T T T T T T T T T T T T T T T T T T T T TR T T T T

480 | 122.3 m (TerrSysMP) [(————— — =
— 102.5 m (measurement) | _d
460 : —
—_ : I -
E 440 I ]
% L [ N
= 420 ! ‘ I -
= A l . _ ’ #
400 [ ff ) | VAR g
" \ ra v, \ -
Y s i 0 "‘
380 [ v/ ? il
3, . . ., "T=TT== o bmmmmve . -

03.06. 04.06. 05.06. 06.06. 07.06. 08.06. 09.06. 10.06.

date

e good agreement of diurnal CO, amplitude independent of the weather situation

7 What is the reason for the different behavior in

® different heights

Markus Ubel University of Bonn (TR 32)
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height [m]
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04/05 June 2014:

CO, transport in the boundary layer

350 ‘ K10 I A R L .
: T 22 UTC (sim.) | - co 22 UTC (sim.)
. r 2
300 22UTC (obs) — ggg 22 UTC (obs.)
e 00 UTC (sim.) 1 L 00 UTC (sim.)
f 00 UTC (obs.) | - 00 UTC (obs.)
250 03 UTC (sim) - 250 03 UTC (sim.)
- 03 UTC (obs) | - 03 UTC (obs.)
200 — 200
150 150 — .
100 100 + +
50 . 50" k ++
0 %) Ot A/ s AT O (I
5 10 15 20 370 380 390 400 410 420 430
temperature [’C] CO, concentration [ppmv]
06/07 June 2014:
L]
350 - ‘ 1 ggg [T ‘
- T— 22 UTC (sim.) ] - CO 22 UTC (sim.)
§ 22 UTC (ob 1 - 2 §
300 {oba) ~ 300 22 UTC (obs.)
00 UTC (sim.) | L 00 UTC (sim.)
o 00 UTC (obs.) 3 i 00 UTC (obs.) | -
F 03 UTC (sim.) 1250 03 UTC (sim.)
03 UTC (obs.) ‘ 03 UTC (obs.)
200 - 1200 -
150 — - 150
r + A4+ : B
100 N | 100
+ |
50 - : |50
[ i F
- +
0 L s n -l.-+-l-**. L e ! (o J; PR T IVVTVTL FOTTPUTT ITPRTTORE. . YRATR. . FESVTOUTIN Irrevreem vms 1 .-.F‘ T .+
10 15 20 25 350 360 370 380 390 400 410 420 430 440 450 460 470 480

temperature [’C]

CO, concentration [ppmv]

/\A/\—s
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- good agreement of vertical
- temperature gradient

=> vertical CO, distribution
realistically simulated
with TerrSysMP

- strong underestimation of
- vertical temperature gradient
- (near surface inversion)

in TerrSysMP

~=> too strong turb. transport
= too less CO, accumulation

near the surface

Markus Ubel

University of Bonn (TR 32)
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height [m]

Universitéit M P
=~ CO, transport in the boundary layer =A—
TR 32
04/05 June 2014: | | | -
0 e —T ~ co, \ —_— zuowm - good agreement of vertical
—— ] svcer temperature gradient
03UTC (sim) | - 250 - 03UTC (sim..) 3
0 PIEEL e PIeER =Y vertical CO, distribution
- realistically simulated
P ]+ - with TerrSysMP

-) Underestlmatlon of near surface CO, amplltude in windless
clear sky nights with strong nocturnal temperature inversion

06/07 June 2014:
350 - ‘
T— 22 UTC (sim.)
300 I 22 UTC (obs.)
———————————— 00UTC (sim)
F 00 UTC (obs.)
250 03 UTC (sim.)
g 03 UTC (obs.)
E 200
= r
=)
© 150 -
- + 4+
100 B
+
50 *
- A +
0 " .L+17 i § I .
10 15 20

temperature [’C]

- ca zucem  Strong underestimation of
R EEEEEE"{ ~vertical temperature gradient
1% mucem  (near surface inversion)

200 in TerrSysMP

| 150

ol =» too strong turb. transport

- ~=> too less CO, accumulation
I Wb " 4.+ nearthesurface

25 350 360 370 380 390 400 410 420 430 440 450 460 470 480
CO, concentration [ppmv]

Markus Ubel

University of Bonn (TR 32) 18
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G Summary

TR 32

Results of the mesoscale simulations with TerrSysMP:

» CO, increase during night especially in flat area and in narrow valleys
(mountain — valley breeze)

» CO, decrease during the morning and vertical influence of photosynthesis
through the whole convective ABL

» realistic simulation of CO, fluxes and latent/sensible heat fluxes with CLM

» good representation of the vertical CO, distribution and the diurnal CO, amplitude
in nights with moderate wind and weak vertical temperature gradients

» underestimation of the nocturnal CO, increase near the surface in clear sky nights
— strong near surface temperature inversion not well captured in TerrSysMP

Markus Ubel University of Bonn (TR 32) 19
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%0 - 2 m temperaiure (COSMO) Co f”‘:ﬁi % 4]

[ 2 m temparature (Maasured) | L -,-l__t

25 — i 4 I+ | 1[ u

- 2 S S NP AN U LI (N O

N + j———-=--- " \ I oy \ i

Eﬂ [ .-I" 1 II'I||' I + II ]Fﬁ_ | M Il,r'r|'- —

. /% .-'“-ul*- L ]{ ' N Y | W _

e b TR Ra g DR W N

15 [y VT Foph L g Wy I =

Ch LA f Ly ! 2

A il W I Foor s [ ]

O % 4 w0 % ]

5LC . !'_._._.___ R T LT

14 £ wndwiooly Z2amcomo) | =

— wind valt 120.0 m (maasun ]

12 - | || -~.ﬂ| II fij =

10 — I J-F"h | + ————-—- J‘;’

N PN 1
‘w — Lo | T

Fek e T b Iy

T | ( ) +

) - '.I ||-6-;]_||_ |II y | I '.:’9?4%:1?; |£|3Fi'41"—'\i+l || Il II-II-I | 7

E v e ] RVE

. | | I \ N ]

BN Y KVE

ﬂ:I -H-"""II |'| ___I_.___ 1 N ___I____ 1 L -
03.06 04.06 05.06. 06.06 07.06 10.06.

Markus Ubel University of Bonn (TR 32) Al



Metecrologisches
Institut

Universitdt
Bonn

Julich
06/07 June
2014
Julich
03/04 June
2014

Appendix 2

TR 32

350 350 | !
simulated (TerrSysMP) 22.0 UTC [ simulated (TerrSysMP) 2.0UTC
.......................... simulated (COSMO stand alone) | s simulated (COSMO stand alone) :
300 i measured 300 r measured
250 — . 250
200 E 200
£ I
K= |
150 - £ 150]
- H + ‘
100 — T 7 100
¥ [ 3
50 v 50 |
. + ! —
0 PRV ik i 0! 2w ¥
10 15 20 25 30 10 15 25 30
temperature [°C]
350 350 I N S | N L 73 -
simulated (TerrSysMP)| © 0.0 UTC B simulated (TerrSysMP) 4.0 UTC )
.......................... simulated (COSMO stahd alone) . | e simulated (COSMO stand alone) |
300 measured s 300 measur ed :
250 - 250
200 E 200
= -
- 2
150 2 150
100 100
50 | 50
‘ - A
0 E L kb L - — or_ 1 : -
5 10 15 20 25 5 10 15 20 25

temperature [°C]

temperature [°C]

Comparison of temperature profiles with TerSysMP and COSMO (with TERRA_ML)
- both model settings underestimate nocturnal temperature inversion

Markus Ubel
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Influence of CO, variability on atmospheric moisture

s 3 " ; -
A :

TD - difference (real - reference) [°C]

«IEEE——— |
<-0.75 (A =0.10) >0.75

2012-09-03, 16:00:00 UTC

Difference of dew point in 2m between a TerrSysMP simulation with CO, coupling and
a simulation with constant CO,, 40 km-average (cloudy day)

Markus Ubel University of Bonn (TR 32) A3



Appendix 4

transpiration difference [%] (405 — 355 ppmv) NEE difference [%] (405 — 355 ppmv)

| — | |

o W
3. 0. 3. 6. 9. 12. 15. 20. 25. ‘

Sensitivity of NEE and transpiration [%] on a CO, increase of 14% (355 = 405 ppmv)

—> Comparison of simulation of 24 July 2012 (clear sky day) with constant atm. CO,,
of 355 ppm (= 1990) and 405 ppm (= 2018)

Markus Ubel University of Bonn (TR 32) A4
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04/05 June 2014:

Appendix 5

350 | J ]
- 22 UTC (TerrSysMP) n|
C 22 UTC (measured) ]
300 — 00 UTC (TerrSysMP) _
B 00 UTC (measured) ]
03 UTC (TerrSysMP) -
250 il 03 UTC (measured) ]
T 200 ]
= C ]
i) L= d
2 150 .
100 - ]
50 L A A -
L ++ S ]
o _H_+ +,+—+ 1
RN |
0 5 10 15 20

wind velocity [m's™]

06/07 June 2014:

height [m]

350

300

250

200

150

100

50 —

TR 32

22 UTC (TerrSysMP)
22 UTC (measured)
00 UTC (TerrSysMP)
00 UTC (measured)
03 UTC (TerrSysMP)
03 UTC (measured)

wind velocity [ms”]

10
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CO, concentration [PPMV]

(NN W )
<360.0 (A =5.00) >435.0

TR 32
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