Capturing connections between the water, energy, and carbon cycles with the NASA GEOS
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Introduction Drought impact on carbon in a coupled system
Studying biosphere-atmosphere interactions is complex as water, e e et She b
energy and carbon cycles and their feedback processes have to be " (bowod aren & defned in Koster ot a1 (2015 rom Aprl o June, followsd by & &-monih recovery peric Tl
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feedbacks associated with the exchanges of carbon, water, and energy
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Figure 3. Anomalies (Drought — CTRL) of root zone moisture, GPP, NEE and atmospheric CO, near land surface

Coupled carbon cycle model in the NASA GEOS The impact is seen both inside and outside the imposed drought region.
A coupled land-atmosphere model in the NASA Atmospheric transport moves the extra CO, around.
Atmospheric CO, R Net land carbon flux GEOS SyStem:

(1) allows modeled atmospheric CO, to affect land
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suriace carbon uptake ) Land C vs. atmospheric transport on CO2 varlablllty
(“) USES mOdeIed_ net C02 uptake at the land surtace » 2001-2015 replay AGCM simulations CTRL: NEE as computed
as a source or sink for the atmospherlc C02 - The “replay” mode forces the model to reproduce the weather systems captured by the flr:m e ml"de' it e
: MERRA-2 reanalysis (a unique capability of the NASA GEOS model) "yr simulation
Figure 1. Interactive CO, coupling between the atmosphere (“I) enables carbon cycle feedbacks alongs|de » Control uses simulated land NEE from Catchment-CN in the NASA GEOS EXPCI C'lméitélogilcat! NE)E (based
and the land in the NASA GEOS Earth System Model water & energy cycle feed backs  Experiment uses prescrlbed,_1_5—year climatological NEE from Control in order to Srescribed every year at grid cell

reduce the interannual variability of land carbon flux

45 N

Research aims , ST

* To investigate the mechanisms of the interactions between the land-
atmospheric carbons and the climate

* To explore the carbon feedback intertwined with the water cycle
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ValidatiOn Of CatCh ment-CN,s Carbon fluxes Figure 4. Ratio (EXP/CTRL) of the standard deviations of detrended CO, anomalies for six chosen pressure levels
Variations in land carbon flux influence CQO, variability in the lower and
- \cP middle troposphere during the NH growing season. Also, CO, variability

IS controlled in large part by interannual atmospheric transport variability.

Ongoing work
Using the new coupled carbon-climate modeling capability, current

Figure 2. GPP and NBP from offline Catchment-CN, driven by MERRA-2 meteorology, compared with observations (Lee et al., 2018)

GPP and NBP of the offline Catchment-CN agree well with observations efforts include forecasts of carbon and phenological state in S2S.
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