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‘*““‘7 L4C Product Status

Avalilable at NASA NSIDC DAAC:

http://nsidc.org/data/SPL4CMDL L4C Daily Product Set

~27 month daily data record (3/31/15 to EC_GROUE STATE GROE QA GROUP
present) B . e AT e O
~11-day product latency m =

Product versions: Vv2040 (3/31/15 — 3/29/17);, A f?i}“

Vv2043 (3/30/17-present);

o Vw2043 uses MODIS C6 FPAR inputs,
rather than C5 FPAR (Vv2040) which is no
longer in production

CEQOS Stage 3 validation level based on
comprehensive global assessments using in

situ sparse tower site measurements, other Jones, L.A., .S. Kimball, R.H. Reichle, N. Madani, et al. 2017.
observation benchmarks & model sensitivity The SMAP Level 4 Carbon product for monitoring ecosystem
studies. land-atmosphere CO2 exchange. IEEE TGARS.

Product performance consistent with design
and target accuracy: NEE ubRMSE <1.6g C
m-2 d1 or 30 g C m2 yr! for northern (245°N)
land areas.

SMAP Cal/Val Workshop #8, Amherst, MA, Jun 20-22, 2017
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L4C Cal/Val Framework

)

Document L4C performance relative to SMAP science objectives & accuracy
requirements SMAP L4 C Validation Approach
Methodology Data Importance Metric
v' C-flux comparisons at core tower sites (CVS); B - Corn
. . . . (time-continuous) &
comparisons consistent in space & time.
. . . . . S C Observed values Correlation,
v Comparisons against historical FLUXNET site Networks (ime-contions) - ROSE, i
records; spatially but not temporally Satellite P
. (MODIS, 0CO-2, Secondary correlation,
C o n S | Ste nt Products GOME-2) RMSE, bias
) Wikl Site & Global dze;’;:’;z
v" Global model sensitivity & performance poodel ming s, - =i
assessments |
Field fo]im\::—: ;::.ﬁ?en Secondary Lo,
v' Consistency checks against other global C Experiments ‘ FASE i
products, Incl. GPP (MODIS, MTE), SIF LAC Tower CaI/VaI Sltes

(OCO-2, GOME-2), & Carbon model
inversions (CT)

v' Comparisons, sensitivity studies using field
experiment data (ABoVE, SMAPVEX)

* CVS
A Calibration

WAT ENF EBF DNF DBF SHR GRS CCR BCR URB ICE  BAR
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‘/ LAC Cal/Val using latest FLUXNET Synthesis
-
« L4C (Apr 2015- Mar 2017) vs FLUXNET-2015 (2007- R=07
2014) mean annual GPP. ~~ 2500- R
 Error bars show inter-annual variability (SD) in flux t‘.«: 2000-
tower GPP estimates. o
2 1500-
* New sites (~60) & longer data records provide %
enhanced validation relative to prior FLUXNET > 1000
(LaThuile) data used for L4C Cal/Val. 2 o0 ,
|
) /L
FLUXNET-2015 Tower Sites 0 500 1000 1500 2000 2500 3000

LACGPP (gC m2yr")

B T ¥ At > . _A e Bl S <
A_j - NG M A, g w2 IGBP CRO EBF GRA OSH WET
CWater M. 4 ® DBF @ ENF @ MF SAV @ WSA

®Evergreen Needleleg . *
i e - Data capture significant recent
fomiiemsdoiusa climate extremes, including
anomalous drought and rainfall
events.

®=Mixed Forests
SClosed Shrublands
=0pen Shrublands
mWoody Savannas
DSavannas
BGrasslands
®Wetlands
CiCroplands

: . < e« Favorable L4C and tower
®Urban = n: ; . . .
SCropland/Nat vegetaion o e agreement despite differences in

OSnowand ICE ==~ e . .35

OBarmren-= = < temporal coverage.
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Evaluating Global Climate Controls on Productivity
(L4C GPP vs GOME-2 SIF)

« Satellite SIF (Solar-Induced
Fluorescence) from GOME-2 (2007- S
2014) used as a GPP proxy.

Relative Climate Impacts on SIF Observations

™~

« SIF normalized using PAR to distinguish

climate sensitivity from canopy . sMm
phenology. |
 Correlations mapped between monthly veo Tmin
SIF & selected MERRA-2 climate
parameters. SIF and L4C Global Productivity Response Curves

—
)
—

» Global SIF and L4C response curves
compared

explains SIF’s seasonal variability. 00 /\/ /\ /

 SM in ~35% of the global land area

« Similar SIF and L4C climate sensitivity 100
and response characteristics verify o7
model calibration and performance. %—0_50

o
%,0.25

2000 4000 025 050 075

Source: Madani et al. 2017. Remote Sensing 9, 530. VPD (Pa) SM (cm® cm) ? Tmln(C
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—= Verifying Bioclimatic Controls on Seasonal Productivity
(GOME-2 SIF vs SMAP L4C)

» Seasonality of GOME-2 SIF and apparent
climate controls on productivity vary for
different biomes.

» Strength and sign of SIF and soil moisture
correlation varies according to climate aridity.

» Potential L4C calibration enhancement using
SIF rather than sparse tower sites.

» Caveat: Coarse SIF footprint.
Selected Biome Sub-regions

G
AF| Towers
SWater 4 T
®Evergreen Needleledf
©Evergreen Broadleaf '\
®Decidugus Needleleaf
SDeciduous Broadleaf
®=Mixed Forests
BClosed Shrublands
=0pen Shrublands
mWoody Savannas
OSavannas
SGrasslands
EWetlands
dCropIands

®Urban
®Cropland/Nat vegetaion
OSnowand ICE gl . 3E5
CBarrrefi=— ' === s

‘‘‘‘‘‘

Source: Madani et al. 2017. Remote Sensing 9, 530.
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Water Constraint Factors Affecting SMAP L4C GPP
and GOME2 SIF over Africa (Apr-Dec 2015)

« Significant correlation (p<0.05)
between Apr-Dec mean SIF and
SM and VPD across Africa indicate
strong regional moisture
constraints to productivity.

SIF.SM_ __SIF.VPD

(a) o ' =

20°N

« Significant SIF-SM correlated
areas cover 16% more area than :
SIF-VPD correlated areas. o S Soreiiitn

« SMAP-L4C GPP, which accounts (b)
for soil moisture constraints, shows ©
higher correspondence with SIF
than MODIS-MOD17 GPP, which
only uses VPD to represent water
constraints.

GPP (gC m2 day™)
4

0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
SIF (mW m2sr' nm™) SIF (mW m2sr' nm)
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OCO-2 SIF vs SMAP L4C and MODIS MOD17 GPP
(Global Assessment; 2015-2016)

SMAP GPP MOD17 GPP

» L4C GPP shows higher correlation

R?=75.4%

R?=48.7%

T T T I T
00 05 10 15 20
0OCO-2 SIF (mW m2 sr'' nm™)

| | I I |
00 05 10 15 20
OCO-2 SIF (mW m? sr' nm™)

R?=79%

10

 R2=75.6%

T | T | | |
00 05 10 15 20 25

OCO-2 SIF (mW m? sr' nm™)

*Equatorial
*Arid
+W.Temperate
Snow
Polar

I |
00 05 10 15 20 25
OCO-2 SIF (mW m? sr' nm™)

with OCO-2 SIF than MOD17.

Both GPP products show good
correlation with SIF when Temperate
forests are at dormancy.

L4C GPP shows stronger correlation
with SIF than MOD17 during active
growing season, esp. where SM
constraints are more severe.

All the global monthly averaged pixels
at 9-km spatial resolution are
analyzed; grid cells classified by
KOppen climate categories.
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— SMAP L4C and OCO-2 SIF Capture Similar
Productivity Response to Recent Climate Anomalies

OCO-2 SIF change (%) from 2015 to 2016 (Apr-Dec)
L4C GPP change (%) from 2015 to 2016 (April-Dec.) ' e ¥R ‘
: 5 : )
Q N G
\'& P
Kenya/Sc;malia N ' / .
incipient 2016 > Y ' : " gy
% - drought ':_\“g\ § 2 B
. . ‘ *‘t 4 . '
&% ) ‘b’., . "
l‘g.,/ South Africa 2015 drought Eastern Australia » e
relieved in 2016 ./ 2016 record rainfall
[%]
-60 -40 -20 0 20 40 60 -100 -80 -60 -40 -20 0 20 40 60 80

L4SM root zone anomaly Z-score change from 2015 to 2016 (April-Dec.)

« SMAP L4C GPP and OCO-2 SIF show
similar response patterns to recent
climate anomalies.

« Strong productivity increase in central
and eastern Australia from record 2016
rainfall.

[Z-score]

1
-3 -2 -1 0 1

 Large productivity decline in East Africa
due to extreme drought and high
temperatures in 2016.
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SMAP L4C NEE vs Other Global Benchmarks
(CarbonTracker; MPI-MTE)

il
—— Carbon Tracker Climatology
Boreal = L4C Climatology (1 Anom. Stdev.)
—— MPI-MTE Climatology
@ Carbon Tracker 2015 (NRT)
2015 2016 O L4C 2015-2016
Northern MPLMTE
Temperate
1
Tropical
2015 2016
= o
Southern JFMAM) JASOND JFMAM])] JASOND JFMAM])] JASOND
Temperate -1.5 -1 -0.5 0 0.5 1 1.5
NEE [g m=d!]

2015 2016
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\_

7 Summary and Plans

Current product performance consistent with design
o Mean NEE ubRMSE<1.6gCm?dlor30gCm?2yri
o Favorable agreement with other global benchmarks

New science investigations enabled, including northern C-cycle, drought sensitivity and
disturbance recovery, and global climate controls

Jun 2017: Full reprocessing (3/31/2015 — present) of L4C product stream scheduled

o Incorporating: latest L4SM (Vv3030) and MODIS FPAR (C6) inputs; reinitialized SOC
pools using updated GEOS-5 (NRv4.1) land model and carbon model recalibration

o Latest L4C release (Vv3040) will replace earlier product versions (Vv2040, Vv2043) at
NSIDC

Continuing L4C assessments focusing on selected sub-regions and longer record
SMAP application studies for science and Cal/Val enhancements
o Multi-sensor assessments: SMAP, MODIS, GRACE, AMSR, GOME-2, OCO-2
o Exploiting data from new field campaigns (ABoVE, SMAPVEX)

SMAP Cal/Val Workshop #8, Amherst, MA, Jun 20-22, 2017
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SMAP L4C Core Site Validation Results

NEE [g C m2 d] GPP [g Cm2d1] Reco [ECmM2dY]
Overall Stats: R RMSE ubRMSE N R RMSE ubRMSE N R RMSE ubRMSE N
0.52 1.04 0.79 26 0.72 1.27 0.85 26 | 0.65 1.16 0.62 24
4 04 U . s Uy s, A, 95,0 4. S0 e Ao, Ju, s A A, ’ . i ite, AZ (US-
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increasing biomass and flux magnitude (abs(GPP+RECO)) Source: Jones et al. 2017. IEEE TGARS
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7 L4C Transition from MODIS C5 to C6 FPAR Inputs
N

- MOD15A2 FPAR C5 to C6 Inputs: 2015 mean annual FPAR difference between

MODIS (MOD15A2) C6 and C5 FPAR over CONUS

o FPAR C5 production ended Mar 31,

FPAR C5
2017 and shifted to C6.

FPAR C6
& ¢ " S F

« 100

o C6 has finer (500m) resolution and l

other differences.

* L4C Vv2040 uses FPAR C5 inputs,
while Vv2043 uses FPAR C6.

 Different C5/6 FPAR inputs create
inconsistency between L4C Vv2040
(Mar 31, 2015 — Mar 31-2017) and
Vv2043 (Apr 1, 2017 — present) records.

- Both Vw2040 and V2043 performance — peere©-% \ ¢ ‘ag}
still within product design. 20 0 20

_ Percent
» L4C Reprocessing planned (Jun-17) to

produce consistent record using C6
FPAR inputs (Mar 31, 2015 — present).
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