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e Hypothesis: topography influences biogenic CO9 exchange [Rotach et al., 2014] . g EE_'F ggm ; ; ; ; : : : : : : : : :
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e Problem: global climate models use resolutions on the order of 100 km which, with certainty, cannot resolve the actual carbon dioxide exchange at % DBT : - * T : ; ; ; ; ; + - - -
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e Goal: identify topographic effects on the surface CO9 exchange (as e.g. temperature, humidity, ambient CO9, plant type ...) + GR4 ; ; - -
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e Coupling of the the Weather Research and Forecasting Model WRF-Chem [Grell et al., 2005], the Community Land Model (CLM, " n 00
.9 L
(Oleson et al., 2010]) and the TPGPP-LATI model [Migliavacca et al., 2011] ) = Z
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e Net ecosystem exchange (NEE) is calculated as the respiration of TPGPP-LAI less the photosynthesis of CLM. -1
e Analysis of differences between mean variables on flat terrain and the idealized topography. : : : : : , , , , , , , , ,
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WRF - mesoscale circulations I Model setup:
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500 e 18 h spin up using a two layer stability initial sounding with an isother- . * . _
1000 WA 1000 o - mal layer until 3500m agl. with N=0.018 (£ 0.01£) with 1 ms™! south Flgure 2: The sine valley CO, exchange effect, defined as ANEE = Flgure 3° as Fig. 2 but tor VPD
= N wind and stable layer with N=0.01 (2 0.0032) with 3 ms™" above NEE j4in-NEE, 4176, plotted against the mean vegetation temperature difference ATv =
0 40 ° e 720 simulations with varying initial conditions have 280, 285, 290 TVptain-TVoaiey Tor 5 plant functional types: Evergreen Needleleaf Temperate (ENT), De-
and 300 K potential temperature for the lower isothermal layer with 30 ciduous Broadleal Temperate (DBT), Shrubland (SHB), Cs grassland (GR3) and Cy4 grass-
- 80% relative humidity at 30, 45 and 60°N latitude land (GR4), at three latitudes: 30N, 45N and 60N indicated with an asterisk, a plus and a
[kl [km] tem [k e plant functional types (PFT) are: evergreen needleleaf temper- circle respectively.
ate (ENT), deciduous broadleaf temperate (DBT), shrubland (SHB)
. and Cz and C, grassland (GR3 and GRA4).
Flgure 1:  Model topography of the flat domain (left) and the idealized valley (right - created

with the sine function. The flat domain is on 750m, which is the mean height of the valley. Solid arrows
indicate afternoon mesoscale circulations from WREF and contoured arrows the biogenic COs exchange from

CLM photosynthesis and TPGPP-LAI respiration. COI}C]U_SiOIIS

e ensemble simulations over a sine valley (1500 m) and a flat plain at average height (for a sine valley 750 m) result in differences of the respective
Results net ecosystem exchange (NEE) ranging from -1.0 to 1.7 g C m 2 day_l

e the sine valley CO» exchange effect is primarily caused by vegetation temperature differences ATv between the valley and

the si lley CO h ffect. defined as the diff be- . . . S . . . .
¢ MIC SIne valley 2 CRCUANEE CLIECL, CCIICE a5 MIE GIIeLEnet b plain simulations resulting from variations in the plant functional type, the initial temperature, the initial relative humidity and the latitude

tween plain and valley of the mean net ecosystem exchange ANEE =
NEE f1q0 — NEE 41, ranges from -1.0 to 1.7 g C m~2 day ! with

differences of vegetation temperature ATv ranging from -1.5 to 0.9 K
and vapor pressure deficit AVPD of -607 to 116 [Pa| (See Tab.1 and

Table 1: ticemble means of 790 simlations (see WRF-Setup box) of net e a warmer sine valley is a COy sink compared to a plain (or vice versa - a CO9y source for a colder valley)

ecosystem exchange (NEE) and its main drivers - vegetation temperature and vapor

pressure deficit (VPD). Means are averaged over the entire model domain and 24 h of

Fig. 2) -
simulation.

e Figure 2 and 3 show how variations of the plant functional type, the

initial temperature, the initial relative humidity and the latitude (see min mean max unit

WRF—S.etup BOX) result l,n 4 ANEE—' A,NEE depends hnearl':y on the NEEflat -8.0632 | -3.6024 | 2.6209 Grell et al., 2005] Fully coupled 'online’” chemistry in the WRF model. Atmos. Environ., 39, 6957-6976.

vegetation temperature difference ATv with a weaker and nonlinear de- NEE 8.3496 | -3.6872 | 2.2034 |[g C m—2 day_l] '

pendence on the vapor pressure deficit AVPD ANEEﬂUjlleyu 1 .0328 0 .0848 1 '7475 Migliavacca et al., 2011] Semiempirical modeling of abiotic and biotic factors controlling ecosystem respiration across eddy covariance sites. Global Change Biology, 17, 390-409.
e [igure 3 shows a decreasing CO9 uptake (positive ANEE) of the valley ey Oleson et al., 2010] Technical description of version 4.0 of the Community Land Model. NCAR Tech. Note NCAR/TN-4784+STR, 257.

compared to the plain for lower VPD (positive AVPD ) even though valat 285.91231295.2538 1 309.3535 Rotach et al., 2014] The World is Not Flat: Implications for the Global Carbon Balance. Bull. Amer. Meteor. Soc. 95, 1021-1028.

a wetter atmosphere at constant temperature increases the CO9 uptake TVyalley 285 7109 1 295 2792 | 308.7926 K]

(see e.g. [Oleson et al., 2010], wetter atmospheres with lower VPD simul- ATUflat—valley -1.4783 | -0.0254 | 0.8879
taneously emerge with cooler temperatures). Hence, the temperature
dominates the dependency of VPD on the NEE. VPD 10 46993 | 10273 | 33711

e The sine valley can be a CO> sink or source compared to the vam”ey 46183 | 10586 | 33885 [Pal Acknowledgements
plain with positive or negative AN FEE. respectively. For a warmer val- AVPD f141—valley | -606.70 | -31.349 | 115.65

ley the slope of the mean fit in Fig. 2 shows 0.64 ¢ C m™2 day~! K1
additional carbon uptake per Kelvin.
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e the sine valley CO9 exchange effect increases with increasing ridge height,
or standard deviation of the topography (not shown)



