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Fig. 1. Comparison of monthly fay t0 normalized volumetric water content (VWC),
or relative extractable water — REW=(VWC ~ VW Ciaie)/(VWCnan ~ VW Cic)
at an oak - savanna site.
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NET RADIATION

The retrieval of R, involves the integrated retrieval of individual radiation balance components: downwelling shortwave radiation (Rsp),
upwelling shortwave radiation (Rsy), downwelling longwave radiation (R;p), and upwelling longwave radiation (R.u):
Ry = (Rsp — Rsy) + (Rip — Rpy) (1)

Rspis calculated from an atmospheric radiative transfer model, the Forest Light Environmental Simulator (FLIES) [/wabuchi, 2006; Kobayashi and
Iwabuchi, 2008; Ryu et al., 2011; Ryu et al., 2012]. FLIiES uses: 1) solar zenith angle; 2) aerosol optical thickness at 550 nm; 3) cloud optical
thickness; 4) land surface albedo; 5) cloud top height; 6) atmospheric profile type; 7) aerosol type; and, 8) cloud type. FLIES inputs are provided
from MODIS products: MODO04 (aerosol optical thickness, aerosol type), MODO6 (cloud top height, cloud type), MCD43B2 and MCD43B3 (land
surface albedo) [Roesch et al., 2004; Wind et al.,, 2010; Bi et al.,, 2011; Chen et al,, 2011].

Rsyis calculated from broadband surface albedo (a), which integrates black and white sky albedo, and Rsp:
Rsy = aRsp (2)

R.pis calculated from Stefan-Boltzmann'’s Law:

Rp = oe, T (3)

where 6 is the Stefan-Boltzmann constant (5.67x10% W m2 K™%, ¢4 is the atmospheric emissivity, and T, is air temperature. ¢4 is calculated from
total atmospheric precipitable water ({) [Prata, 1996]:

ga=1— (148 exp(=(C + D)) (4)

where Cand D are coefficients with values of 1.2 and 3, respectively. is available from MODIS product MODOS5.

Riyis also calculated from Stefan-Boltzmann's Law:

Ry = o&sTg (5)

where ¢s is the surface emissivity and Tsis the radiometric surface temperature in Kelvin. ¢s and T; are available from MODIS product MOD11L2
[Coll et al., 2009].

Water vapor pressure (e,) is derived from the dew point temperature (7p) using the Clausius-Clapeyron relationship between the saturation

vapor pressure and temperature:

17.27Tp
eg = 6.13753e(TD+237.3) (6)

Tpis available from MODIS product MODO7 [Chen et al.,, 2011]. Near surface air temperature (7,) is a direct MODIS product, MODOQ7 [Chen et
al, 2011].



Rn/ET Product Statistics

The following summarizes current data product usage in the Net Radiation and Evapotranspiration (Rn/ET) code, which will be used to generate L3/L4 ECOSTRESS products.

Type

Collection
Name

Brief Description

” Layers OF Interest

Level

Resolution

Spatial

Tempaoral

Projection

File
Formai

Source

Remarks

MODIS Land

MCDI2Q1

MODIS Land Cover Type (Terra and Aqua, combined)

Land_Cover_Type_I

500 m

1 year

Sinusaidal, 2400 x 2400

HDF-EOS

LP-DAAC MCDI201

IGBP global vegetation classification scheme

MCD43B2

MODIS BRDF/Albedo Quality, Snow Conditions (Terra and Aqua, combined)

BRDF_Albedo_Quality
Snow_BRDF_Albedo

16 day (produced every
days)

Sinusaidal, 1200 x 1200

HDF-EOS

LP-DAAC MCD3R2

MCD43B3

MODIS Albedo (Terma and Aqua, combined)

Albedo_BSA_shoriwave
Albedo_BSA_vis
Albedo_BSA_nir
Albedo_WSA_shorrwave
Albeda_WSA_vis
Albedo_WSA_nir

16 day (produced every 8
days)

Sinusoidal, 1200 x 1200

HDE-EDS

MOD11_L2

MODIS Land Surface Temperature and Emissivity 1 km

LST
Emis_31
Emis_32
oc

2

See Remarks

See Remarks

Swath, 2330km x 2000km & lkm

HDEEDS

S MODIL L2

Tkm (U.5.), § km (world) @ 1 day regridding, sinusoidal projection at
NERSC

MODI13A1

MODIS Vegetation Indices

S00km 16 days NIV
500w 16 days EVI

16 day

Sinusaidal, 2400 x 2400

HDF-EOS

LP-DAAC MODI3AL

MODISA2

MODIS Leaf Arca Index (LAI) and Fraction of Photosynthetically Active

Radiation (FPAR)

Fpar_lkn
Lai_lkm

8 day

Sinusoidal, 1200 x 1200

HDE-EDS

LP-DAAC MODISA2

MODIS
Atmosphere

MODE_L2

MODIS Acrosol

Longinude

Latinude
Corrected_Optical_Depth_Land
Ouality_Assurance_Land

See Remarks

See Remarks

Swath, 135 x 203 @ 10 km

HDF-EOS

MODIS Atmosphere

3,8 kem (world) @ 1 day regridding, sinusoidal projection at

MODOS_L2

MODIS Precipitable Water

Water_Vapor_Near_Infrared

Quality_Assurance_Near_Infrared

See Remarks

See Remarks

Swath, 1354 x 2030 @ 1km, 270 = 406 &
Skm

HDE-EDS

MODIS Armosphere

Tk (U8.), 5 kan (world) @ 1 day regridding, sinusoidal projection at
RSC

MOD06_L2

MODIS Cloud Products

Surface_Pressure
Surface_Temperature
Cloud_Top_Temperature_Day
Clowd_Fraction_Day
Clond_Phase_infrared_Day
Clowd_Optical_Thickness
Clowd_Effective_Radius
Cloud_Water_Path
Cloud_Top_Pressure_Day
Oriality_Assurance_lkm
Cuiality_Assurance_Skm

See Remarks

See Remarks

Skm

Swath, 1254 x 2030 @ | km, 270 x 406 @

HDF-EDS

MODIS Ammosphere

Ukm (US.}, 5 km (world) @ 1 day regridding, sinusoidal projection at
NERSC

MODO7_L2

MODIS Atmospheric Profiles

Lemgitude
Latitude

Surface_Pressure
Retrieved_Temperature_Profile
Retrieved_Moisture_Profile
Qualiry_Assurance
Surface_Temperatiure
Cloud_Mask

Total_Ozone

Salar_Zenith

Sensor_Zenith

Scan_Time

Sinusoidal X

Sinusoidal .Y

See Remarks

See Remarks

Swath, 270 x 406 @ 5 km

HDF-EOS

MODIS Atmosphere

Ikm (US.), 5 km (world) @ 1 day regridding. sinusoidal projection at
NI C

air 2m.gauss

&-Hourly Forecast of Air Temperature at 2 m

NCEP-DOE
is-2

192 x 94

{ghobal)

4x daily

| Gaussian, T62

NewCDF

ESRL, NCEP-D{OE

Reanalysis 2

NCEP air temperature fills MODOT Ta




MOD_06

2 Cloud data to m_Radiation Opt. Thick., Dly. Frac., Temp., Pres.
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Figure 4. Mean daily (24-hour) global net-radiation (2001 to 2007) from MODIS.

Verma, M., Fisher, J.B., Mallick, K., Ryu, Y., Kobayashi, H., Guillaume, A., Moore,
G., Ramakrishnan, L., Hendrix, V., Wolf, S., Sikka, M., Kiely, G., Wohlfahrt, G.,
Gielen, B., Roupsard, O., Toscano, P., Arain, M.A., in revision. Global daily surface
net-radiation at 5 km from MODIS. Remote Sensing of Environment.



EVAPOTRANSPIRATION

Current JPL ET: e & ® &

e Global, 1 km, daily ’ s e

e Running multiple algorithms: PT-JPL, PM-MOD16, SEBS,
PMBL
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This discussion paper isfhas been under review for the journal Hydrology and Earth System
Sciences (HESS). Please refer to the corresponding final paper in HESS if available.

The WACMOS-ET project — Part 1: E T
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What we need: accurate, high spatial, high
temporal, diurnal cycle, global, ET.
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Evapotranspiration
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Water Stress Drives Plant Behavior
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L3(ET_PT-JPL) Operations

MODIS/Landsat/E e Existing code computes MODIS net radiation and evapotranspiration
COSTRESS L2 data e Uses MODIS and Landsat ancillary products + ECOSTRESS LST&E
products e Requires: daily updating, reprojection and regridding of MODIS 1
and Landsat into ECOSTRESS, ET production and delivery 14
o Original MODIS Land_Cover_Type_1 (Sinusodial) .
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