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Overview
1. Introduction of Catchment-CN (Catchment LSM & CLM CN)

2. Performance of Catchment-CN4.0 (CN from CLM4)
A GPP spatial and seasonal variability
A NBP seasonal variability

3. Performance of Catchment-CN4.5 (CN from CLM4.5)
A Site-level GPP seasonal variability
A Fire burned area and carbon emissions

All the results are for twéeaf canopy|
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Catchment-CN model

ALand component in NASA Goddard Earth Observing

: Water and energy dynamics
System, Version 5 (GEOS)

of original Catchment LSM

AMerger of Catchment LSM & CLM CN dynamics Output to
LAl canopy Compute Compute atmosphere
conductance energy water [F—>
AThe Catchment LSM: /> palances || Balanees |} o
AcCalculates all the water and energy balances g — disgnostics,
AProvides the CN model: rvaspere || PYnamic vegetation uptake)
. . > ule: up ae'
A Soil moisture and temperature rau carbon prognostic
ACanopy temperatu re €0zr--) (withtC/N r;nodel Kosteret al. (2014)
ypes
ASnow depth and coverage

CLM carbosmitrogen dynamics

AThe CN model: a We donot use CLM soil layer structure,

ACalculates all the carbon and nitrogen fluxes hydrology, energy balance calculations, etc..
and reservoirs, and a We useonly CLM photosynthesis,

AProvides the Catchment LSM LAI and canopy stomatal conductance, and C and N flux and
conductance. reservoir calculations.
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Unique feature of our implementation

Each basic Catchment land surface element is separated into
A Three dynamic hydrological swseas that vary with time depending on water availability
A Three nondynamic sukareas (10%, 45%, 45%); independent carbon states are saved in each.

Dynamic hydrological zones
(percentages vary with time, depending on water availability)

AR1 AR2 AR4 ' : h

W,, = weighted average
soil water contribution
from Wyg,and Wy,

Our treatment ofsubgrid
scale hydrology can thus
V1 V2 V4 capture topographical effects

(Valley bottoms) (Lower hiIIsIopes) (Upper hillslopes) on vegetation distributions.
Static carbon zones Kosteret al. (2014)
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Simulation using Catchment-CN4.0

1. Meteorology forcing: 0.5J 0.625J, hourly
A NASAG6s MEERMSIS
A Modern-Era Retrospective analysis for Research and
Applications, version 2 (Gelaro et al., 2017).
A https://gmao.gsfc.nasa.gov/reanalysissMERRA
A Precipitation
A Estimates from GEOS-5 corrected with gauge

observations (Reichle et al., 2017) 400 | | | /
2.  Atmospheric CO,: 2J 3J £ 380)
A Before 2001: Global annual mean approximates historical 230 T
record (see plot). Spatial, seasonal, and sub-diurnal CO, S =) )
variations extracted from CarbonTracker (CT). g 30 3 transient
A 2001-2014: 3-hourly, spatially varying CT CO, 2 3207 2
3. Land cover (static): E 0 O
A From European Space Agency, mapped into the CLM4 < o
vegetation classes (Mahanama et al., 2015). 280 ‘ ‘ ‘
. . . 1800 1850 1900 1950 2000
4. Resolution of simulation: Year . .
. Period of analysis
A Spatial: irregular catchments on average of order 20 km
A Temporal: (2001:2014)
A Catchment: 7.5 min Following https://www.eea.europa.eu/data-and-maps

A CN: 90 min

GMAO Global Modeling and Assimilation Office
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Catchment-CN4.0 model performance
GPP spatial patterns (2002-2011)
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Catchment-CN4.0 model performance
GPP spatial patterns (2002-2011)
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Possible reasons for different global GPP between
Catchment-CN4.0 and CLM4

1. Different energy balance calculations, hydrologpgX @

2.0a2NB fA1Stev S5AFFSNBYO YSGS2NRt23AO0I
multiple offline analyses).

GPP simulated using Princeton forcing
Meteorology ] . . .. .
(Princeton -> MERRA-2) / which is similar to Qian et al. (2006) used

in Bonanet al. (2011)

Latitude

_\ GPP simulated using MERR#orcing and

Princeton, fixedCOz

ol (Fixed -> Transient) MERRA-2, fixedCO, precipitation inReichleet al. (2017)
MERRA-2, transCOz
. . . = = = upscaled FLUXNET
9 2 4 6 8 10 12

GPP [gC/m? /day]

https://gmao.gsfc.nasa.gov/research/science_snapshots/est GPP.php

Global Modeling and Assimilation Office
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Catchment-CN4.0 model performance
GPP seasonal variability (2002-2011)

45 T T T T T T T T T T T T
—&— Catchment-CN
- & MTE-GPP

A 4

A Agrees well with MTE

w
w

A Smaller amplitude: 5.
A Lower in July and August &
A Higher in other months of ¢ 1
the year | |

Lee et al.Biogeoscience2018
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Catchment-CN4.0 model performance
NBP seasonal variability (2004-2014)

NBP = GPFRa- Rh- Fire T S s
Ra: autotrophic respiration 25" - s
Rh: heterotrophic respiratior | N — Cotchment-cH||

A Phasing agrees well with
inversions, e.g. spring
greenup

NBP (PgC/mon)

A Sink size smaller than
Inversions

Lee et al.Biogeoscience2018
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Science analyses performed to date
with Catchment-CN4.0

Impacts of hydroclimate on the means and variability of Gd&i3téret al., 2014)
Impacts of vegetation initialization ®ubseasondbrecast Kosterand Walker, 2015)
Impacts of atmospheric G®ariability on simulated GPP and NBP (Lee et al., 2018)
Studies with coupled lardtmosphere system: Impacts of drought on terrestrial
carbon fluxes and atmospheric Q@riability (2018 AGU talk)

e

a This whole effort fits in with growing research direction in GMAOQO: carbon cycle scien

References:
A Kosteret al. (2014) J of Climate, Hydroclimatic controls on the means and variability of vegetation

phenology and carbon uptake
A Kosterand Walker (2015) Journal of Hydrometeorology, Interactive vegetation phenology, soil moisture,

and monthly temperature forecasts
A Lee et al. (2018iogeosciencesThe impact of spatiotemporal variability in atmospherig, CO
concentration on global terrestrial carbon fluxes
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Simulation using Catchment-CN4.5 two-leaf canopy

1. Meteorology forcing, land cover, and temporal resolutions:
A Same as the previous Catchment-CN4.0 simulation

2. Atmospheric CO,: 390ppm
3. Spatial resolution: 0.5J 0.5J

4. Spun up using 1980 initial conditions from a Catchment-CN4.0 simulation
that used 390ppm CO,

5. Compare with the same set-up using Catchment-CN4.0 7 different from
set-up described above to isolate sensitivity

GMAO Global Modeling and Assimilation Office
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Catchment-CN4.5 model performance
GPP seasonal variability (site-level)
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Our main issue with CLM4.5 and global GPP

NCAR

CLM4 Qian et al. (2006)
Energy, Water Forcing data

a GPP=16®PgC yr!

(Bonanet al. 2011) 10

CLM4 C,N

ekt

Update to CLM4.5

CLM4 Qian et al. (2006)
Energy, Water Forcing data

a GPP=13@gC yrlb et

(Bonanet al. 2011, 2012)

CLM4.5 C,N

GMAO

Catchment MERRA
Energy, Water Forcing data

a GPP=12PgC yr!

o]
(Lee et al. 2018) AP

CLM4 C,N

Update to CLM4.5

Catchment MERRA
Energy, Water Forcing data

a Dtt rmg(\"\""'

CLM4.5C,N
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Our main issue with CLM4.5 and global GPP

NCAR GMAO
N e Taiaia | MO T s
a GPP=16®9C yr! \ a GPP=12PgC yr! I
(Bonanetal.2011) TO° owe" / (Lee etal. 20?8) " poont e

We need your advice on how to modify the carbon
and nitrogen physics in Catchment-CN4.5 to return
GPP to a reasonable value!

a GPP=13®gC yr Jerign®

(Bonanet al. 2011, 2012)P‘b

Update

GMAO Global Modellng and Assimilation Office
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Catchment-CN4.5 model performance
Fire burned area (1997-2016)

GFED v4.1s

CatchmemntCN4.0

N

Giglio et al., 2013 = %
- van derWerfet al., 2017
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Average Fractional Area Burned (%/year)

(Credit: Melanie)
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