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Outline

* SFC EBAF Product Description
— Method ( how It’s done)

* Ed2.7

— Basic results
— Validation plot

— Differences from Ed2.6r

e Use of formal CERES Ed3 SYN1Deg Month product
— Ed2.6r used SCF produced Ed3-lite product
* Extend record by ~2 yrs ( Feb 2010 -> March 2012)
* Fix issues
— Geos_4,Geos_5.2 2 Geos5.4 Boundary Layer
— Include 2 near surface layers in RT Jacobian computations
— Clean up Jacobian: some extreme values for some grid-month boxes
— Fixed Eq, Area to Eq. Angle grid shift problem
— Solar Constant variability extended to surface fluxes



SURFACE EBAF Inputs

 Monthly Gridded
— SYN1ldeg_Month
* GMAO (Geos4 and Geos5.2) T(z),Q(z) ( NO AIRS assimilation)

* MODIS [Terra&Aqua]( 4x daily) and GEO(3hourly clouds)

* Uses Hourly Fu-Liou Broadband Radiation Transfer
» TOA and SFC, Longwave and Shortwave fluxes

— TOA EBAF (Ed2.7)
* TOA Broadband Shortwave & Longwave

— AIRS (AIRX3STM.005) UTRH(200:500hpa)

e Used for OLR bias correction

— GMAO ( Geos4 / Geos5.2, Geos5.4.1)

e Zonal (Land Ocean) / Seasonal
— C3M -CRS

» Sfc Longwave bias correction Calipso/Cldsat cloud base

— Uncertainty estimates of RT Inputs and outputs.

— Cloud ( Frac,Tau,Height), Tskin , Tair , SfcAlb, PW, AOT
— TOA (SW,LW), Surface (SWDN, SWUP, LWDN, LWUP)



SFC EBAF Process

Compute sets of partial derivative computations “Jacobian” for each
monthly mean grid-box ( SW high & low sun using Cos(SZA)pdf )
— Dx ::Cloud ( Frac,Tau,Height) , Tskin , Tair , SfcAlb, UTRH, PW, AOT, (G5.4.1BL -G4/5.2)
— DF::TOA (SW,LW), Surface (SWDN, SWUP, LWDN, LWUP)

Direct adjustment of OLR from GMOA to AIRS UTRH values
— OLR’ = OLR + (dOLR/dUTRH) * UTRH,, .-UTRH ...

Direct adjustment of DLF from G4/G5.2 to G5.4.1
— DLF = DLF(G4/G5.2) + <DLF(G5.4.1)> — <DLF(G4/G5.2)>

Use Lagrange multiplier method, “a balancing act”
— TOA_EBAF:: ATOALWA , ASWTOAA
— C3M-CRS:: ASFC LW\
— While minimizing changes to
« SFC (LWAN, SWW¥, SWAN)
* Cloud ( Frac,Tau,Height) , Tskin, Tair , SfcAlb, UTRH, PW, AOT

— Relative to assigned uncertainties for all inputs and fluxes



Surface EBAF Adjustment Algorithm:
Equation (1) is solved by method of Lagrange multipliers using constraints of equations (2)

& (3).

The derivative of ‘Y’ ie. equation (4) with respect to all variables is set to equal zero, results in a set

of simultaneous equations which can be solved for {A,, LT, 6v, 6F,}

—8F, = AF,

Y - Z+)LX+LTE{F(S 8¢)+CA(sLov)' ] - (sof)" - AF}

Symbol Definition: f(xy)
= TOA& Surface SW & LW Fques (k)
Ci = Clear and Cloud fractions (i)
v;= Model input variable to be adjusted (j)
AF, = Initial flux mismatch
cvJ = Input variable 1 sigma uncertainty
F; = Flux 1 sigma tolerance
6vJ Input variable adjustment
&F; = Flux adjustment
6C Clear ,Cloud fraction adjustment
7\0, LT=[A; ... Ag] Lagrange multiplier set
dF;/dv; = Partlal Derivative, A;= Jacobian
S., S,, S = (normalized adjustments,tolerance)?

(1)
(2)
(3)
(4)




SFC EBAF Jacobian

dF/dX TOA TOA SFC SFC SFC SFC
DIRECT METHOD LWA SWA | LW LWA | SW SWA
AIRS UTRH(200:500)hPa Strong RES

G5.4.1 S Strong
Boundary Layer T(z),Q(z)

dF/dX
Lagrange Multiplier Method LW* SWﬂi LWﬁ

Moderate  weak Moderate Moderate weak
T Skin Moderate weak Strong
T Air Moderate Strong weak
SfcAlb Moderate weak Strong
AOT weak Moderate weak Moderate weak
Cloud Frac Strong  Strong  Moderate Strong  Moderate
Cloud Top Strong  weak weak

Cloud Bot weak weak Strong weak



Ed2.7 SURFACE EBAF

* Product
— Monthly: March 2000 — March 2012

— 1 deg Eq. Angle grid (360x180) from Eg. Area grid

 Fixed Ed2.6r Issues

— Surface downward longwave flux highly dependent on
GMAO near surface T and Q
* Mix of Geos4(2000-2007) and Geos5.2 ( 2008+)
e “Correct” to Geos.5.4.1 boundary layer T and Q

— Grid shifted by 1 Eq. Area grid box.
— Some locations(<1%) have ‘dirty’ Jacobian values



Global annual mean fluxes using data from March 2000 through Feb. 2010 (W m™).

Flux Component Ed 2 EBAF- EBAF- EBAF-TOA
SYN1deg- Surface Surface Ed2.7
Month Ed2.6r Ed2.7
TOA Incoming solar 3399 339.9 339.9 3399
LW (all-sky) 237.3 239.7 239.6 239.6
SW (all-sky) 98.5 99.6 99.6 99.7
Net (all-sly) 4.06 0.64 0.69 0.61
LW (clear-sky) 263.7 265.8 265.6 265.7
SW (clear-sky) 52.5 52.5 52.6 52.6
Net (clear-sly) 23.6 21.6 21.7 21.6
Surface | LW down (all-sky) 341.8 343.7 344.8
LW up (all-sky) 397.6 398.1 398.1
SW down (all-sky) 187.2 186.7 186.6
SW up (all-sky) 233 24.1 24.1
Net (all-sky) 108.1 108.3 109.2
LW down (clear- 313.5 314.1 315.5
sky)
LW up (clear-sky) 396.6 398.3 398.4
SW down (clear- 242.4 243.4 244.1
sky)
SW up (clear-sky) 28.7 29.6 29.7
Net (clear-sky) 130.6 129.6 131.5

Closure of TOA in SFC_EBAF to TOA_EBAF Ed2.7 product to within -0.05 SW /-0.02 LW



Ed2.7 SFC EBAF Mean @TOA

Mean TOA_SW_UP_UT-TOA_EBAF_SW_UP Mean TOA_LW_UP_UT-TOA_EBAF_LW_UP

Before:

GlbAvg= -2.38

" GlbAvg= -1.25

____ T | | | [ T NN | | | [ T
-19.8 -148 -9.9 -4.9 0.0 4.9 9.9 14.8 19.8 -124 -93 -6.2 -3.1 0.0 3.1 6.2 9.3 12.4
Mean TOA_SW_UP_TU-TOA_EBAF_SW_UP Mean TOA_LW_UP_TU-TOA_EBAF_LW_UP

After:

\SFC_EBAF .
order of

magnitude
scale
reduction ,_
GlbAvg= -0.05 GlbAvg= -0.02
ET | | | | [ " Units Wm-2 HER | | | [ "
-1.04 -0.78 -0.52 -0.26 0.00 0.26 0.52 0.78 1.04 -0.433 -0.325 -0.216 -0.108 0.000 0.108 0.216 0.325 0.433



Ed2.7 SFC EBAF Decade Mean @SFC

Surface Shortwave Down Surface Longwave Down
T2m Temperature & Cloud Base

SFC_EBAF .

‘ O minus X
B e & - —
GlbAvg= -0.59 SYN1ldeg_Month GlbAvg= 3.24
ET | | | [ T N | | | [ .
-11.75 -8.82 -5.88 -294 0.00 2.94 5.88 8.82 11.75 -16 -12 -8 -4 0 4 8 12 16
Surface Shortwave Up Change to Surface Longwave Up

Surface
Fluxes

GlbAvg= 0.85 Units GlbAvg= 0.53
. | | | [ T N | | | [ T

-11.3 -85 -5.7 -2.8 0.0 2.8 5.7 8.5 11.3 Wm_2 -13.77 -10.33 -6.88 -3.44 0.00 344 6.88 10.33 13.77
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Delta LW Surface Model-Observation

Obs Mean: 323.4
. Bias SYN: -3.921
SYN Calculations Bias EBAF: 2.470

EBAF Calculations Std Dev SYN: 7.337
td Dev EBAF: 7.464

N: 2733.

-40 -20 0 20 40
Delta LW (Model-Obs) (W/m2)
Delta SW Surface Model-Observation
Obs Mean: 192.2
. Bias SYN: 0.941
SYN Calculations Bias EBAF: -0.696
EBAF Calculations Std Dev SYN: 7.763
Std Dev EBAF: 8.344
: 2754.
-40 -20 0 20 40

Delta SW (Model-Obs) (W/m2)

Surface Site Validation

> 27 surface sites
> 15 SGP sites
»3 WHOI buoy sites

»~2700 site-months



Updates for Ed2.7 SURFACE EBAF

ASDC Operationally processed SYN1deg Month

Use difference of G5.4.1 boundary layer T(z) & Q(z) from

earlier Geos4 and G5.2 products as part of direct method

Jacobian correction to alter primarily SFC LW Down.
DLF’ = DLF + [ DLF<G5.4.1> - DLF<Geos4> ]

Clean up Jacobian where partial derivatives are greater

than +/- 100 of the spatial variability for a given flux
component.

Solar constant variability from SOURCE extended to
surface fluxes.

Extended record by ~2 years.
Fixed grid shift bug.



ldentification and Remediation of an
Surface Longwave Down Issue in

Fd2.6r SFC EBAF

* Analysis using
— Ed2.6r SFC_EBAF
— ERA-Interim
— Geos 54.1
— Geosd



Anomaly (Wm'?)

Ed2.6r SFC EBAF vs ERA-Interim

Global Interannual Variability: ERA-4nterim and CERES EBAF Ed2.6r

2| LwupatsFc —e— ERA-Interim
) —+— CERES EBAF

T




G541CER20.prod.assim.tavg1_2d_rad_Nx.
ERA-Interim
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deg K

deg K

deg K

-0.2

-0.4

G5.4.1 & Geos4: Temperature and Humidity @Sfc+2m

G541CER20.prod.assim.tavg1_2d_slv_Nx.
DAS.cer.asm.tsyn2d_mis_x.GEOS403.
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Near Surface replacement with G5.4.1

Above SFC-100hpa: no change to T(z) Q(z) profiles

Below Sfc-100hPa: G5.4.1 T(z) Q(z) are used in Fu-Liou
computation to compute partial derivative

b Geos4

Sfc-100hpa A

Surface

Temperature(Solid) & Dewpoint(Dashed)



G5.4.1 — Geos4
Partial Derivative Spatial Variability Histograms
( March 2000 )

Little change to OLR while impact to Sfc LW Down is significant

TOA LW [wm? SFC LW Down [wm]
n=-0.064 o0=0.46 u=0.49 0=3.9

99.89%

10‘6‘1).‘??;’°

1000.0:
100.0- 100.0
10.0 10.0
1.0} 1.0t
0.1 01
4 -2 0 2 20 10 0 10 20

LWtoa LwWdn

Clean up of Derivative Fields
99.89% (44964) are within +/- 100
0.11% (49) reset to u value



Comparison of
G541 minus Geos4
Sfc Lw Down
differences

A) SYN1 :Full
Hourly RT code
B) MAF: Monthly

mean inputs

SYN1

MAF v6f

0 360 0 360
— I I T — I I I
-12.0 7.2 -24 24 7.2 12.0 -12.0 72 -24 24 7.2 120
CS DLF(G541-G4) CS DLF(G541-G4)
N= 44012. Mean ( StdDev) | N= 44009. Mean ( StdDev)
CS DLF(G541-G4)  1.39(  4.61) CS DLF(G541-G4)  1.00(  4.54)
MAF-Syn1 SYN1 MAF vé6f
20 S 20/R=10.85 ‘
L 12
.
o
3
v 4
<
"""""" =
S -4
""" b .
0 o
O a2
-90 -20 N
0 360 -20 -12 -4 4 12 20
G541-G4 Syn1 CSDLF
T [ [ -] [ ____TomE I I ]
-12.0 -7.2 24 24 7.2 120 0.000 0.415 0.830 1.245 1.660 2.076
CS DLF(G541-G4) Log10(Population)
N= 44009. Mean ( StdDev) | N= 44012. Mean ( StdDev)
CS DLF(G541-G4) -0.385( 2.61) G541-G4 Syn1 CSDLF ~ 1.39(  4.61)
G541-G4 MAF CSDLF  1.00(  4.54)
Y-X -0.385( 2.61)
RMS(  2.64).....ccu....




Surface
Longwave
Down

*Ed3.Develop2 SFC LW Down

contains the G5.4.1 Boundary Layer
T(z)&Q(z) correction thru 2008.

*Result is an increase the negative
anomaly in 2000 and reduce the
negative anomaly in 2004.

*This is now more consistent with
the ERA-Interim and G5.4.1 Sfc LW

Down anomalies over these periods.

SFCEBAF Ed2.6 SFCEBAF Ed2.7

SFC_LW_DN_TU_GM
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SFCEBAF Ed2.6 SFCEBAF Ed2.7

TOA_SW_DN_GM
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Surface
Shortwave
Down

*Ed2.7 SFC SW Down contains a
scaled correction for SOURCE TOA
insolation variability.

*Formal processing at DAAC of Ed3
cleaned up a few months with
outliers

SFCEBAF Ed2.6 SFCEBAF Ed2.7

SFC_SW_DN_TU_GM
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Summary

 Ed2.7 SFC_EBAF Updated to:

— Extend record

— Correct for near surface T,Q deficiencies in especially
the GEOS4 time period

— Fix grid shift found in initial release
— Reduce effect of “dirty Jacobian

e More details

— http://ceres.larc.nasa.gov/order data.php
* Look over Seiji’s 35 page CERES_EBAF 2.7 DQS
* Browse /Subset / Order Tool




Backup Slides



GPCP Precipitation based Latent Heat Vs. SFC_EBAF
( Before & After G5.4.1 Corr.) using ERA-I Sensible Heat

SFC_EBAF _Ed26rV2h: Atm. Net+ERA_SH SFC_EBAF _Ed3d2: Atm. Net+ERA_SH
GPCP: Latent Heat GPCP: Latent Heat
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Validation at Ocean Buoy Sites

Latitude

L . -
60E 120E 180E

Longitude

® All components B WHOI buoy, active

No Q.
No Q yand Qgy B WHOI buoy, archive

@ Land Sites

Lisan Yu, WHOlI
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Buoy Mean: 39824
Bias EBAF: -261 EBAF
Bias SRB: -0.44 ——SRB

STD EBAF: 526
STD SRB: 5.82 7

N: 543
1 = - K 1 1 1 L L
—40 -20 0 20 40
LWD DIFF (Model — Buoy) (Win)
Buoy Mean: 224.56 EBAF

Bias EBAF: 3.86
Bias SRB: 12.20
STD EBAF: 6.20
STD SRB: 6.53
N: 946

——SRHB

40 -20 0 20 40
SWD DIFF (Model — Buoy) (W/m2)



SFC_EBAF Grid shift problem

* Shashi Gupta and Anne Wilber discovered a one
degree shift to the west of SFC_EBAF data Ed26rV2h in
the final 360x 180 deg product

* The shift was not in the intermediate(44012)egArea
grid product

* Tracked it to the grid replication process in the
production of the final HDF file Fred Rose creates gives
to Cristian Mitrescu. | traced it to one line where | had
made a mistake but, where ‘IDL 7.1 let me down’ |
don’t understand why the code did not “bomb” when
it hit the line with the mistake??



Ed26rV2h ( Incorrectly shifted 1deg EAST) (Corrected )
SFC_LW_DN_TOT SFC_LW_DN_TOT
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Grid Shift Mean

Effect

SFC_SW_DN_TOT 200003:201002
90 ; : :

lat

Lon

-10 -6 -2 2 6 10
Corrected-Shifted

N= 129600. Mean ( StdDev)
Corrected-Shifted -0.004( 4.07)

SFC_SW_UP_TOT 200003:201002
D) = : :
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| R — ]
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Corrected-Shifted

N= 129600. Mean ( StdDev)
Corrected-Shifted -0.003( 5.18)
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N= 129600. Mean ( StdDev)
Corrected-Shifted 0.004( 6.02)




