Appendix A. MODEL OUTPUT VARIABLES REQUESTED BY CEOP (in both gridded fields and site-specific time series)

CEOP variables and processes for the top of the atmosphere, the atmosphere, the surface and subsurface. A=accumulated over the previous 3 hours, I=instantaneous. M=MOLTS, G=gridded,  B=both MOLTS and gridded. Output increments in hours follow, ie M3=Molts every 3 hours, G3=gridded every 3 hours. Horizontal grid resolution preceed, ie 1G3=gridded every 1deg. Vertical levels preceed the horizontal grid, ie 28L=28 levels. ENP=ECPC/NCEP, DAO= NASA DAO, GLD=NASA GLDAS, NCP=NCEP Operational, ECM=ECMWF ERA40, HAD=UKMO Operational, CPT=CPTEC operational, JPN=JMA operational, BRM=BRMC operational, OBS=Observations. Note that ENP, DAO, GLD and OBS will be available 7/1/2001-12/31/2004. NCP will be available 9/2002-12/31/2004. ECM will be available 7/1/2001-12/31/2001 and probably to 12/31/2004. HAD…, CPT…, JPN will be available 10/1/2002-12/31/2004,BRM…


Top of Atmosphere Processes
Units
A,I
ENP
DAO

GLD
NCP
ECM
HAD
CPT
JPN
BRM
OBS

1. 
shortwave downward flux (positive)

W/m2
A
2B3
1B3
M3

M3
1.25B3*
M3
0.56M1,

0.56G6
M3
M.5

2. 
shortwave upward flux (positive)


W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



3. 
longwave upward flux (positive)


W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6




Atmosphere Variables














1. 
temperature

K
I
28L2B3
36L1B6

26L1.0G3

64L.47M3

18L1.25B3

38LM3

40L1.13M1, 40L1.13G6



2. 
pressure
Pa
I
28L2B3


64L.47M3 5

38LM3

40L1.13M1, 40L1.13G6



3. 
moisture





kg/kg
I
28L2B3
36L1B6

21L1.0G3 
64L.47M3 

38LM3

40L1.13M1, 40L1.13G6



4. 
zonal wind




m/s
I
28L2B3
36L1B6

26L1.0G3

64L.47M3

18L1.25B3

38LM3

40L1.13M1, 40L1.13G6



5. 
meridional wind




m/s
I
28L2B3
36L1B6

26L1.0G3

64L.47M3

18L1.25B3

38LM3

40L1.13M1, 40L1.13G6



6. 
geopotential (gZ)




m2/s2
I
28L2B3
36L1B6



18L1.25B3

38LM3

23L1.25M1, 23L1.25G6



7. 
pressure velocity




Pa/s
I

36L1B6


26L1.0G3

38LM3

23L1.25M1, 23L1.25G6



8. 
Kinetic + potential energy (KE+gZ+CpT)
J/m2
I
28L2B3


21L1.0G3 
64L.47M3 4

18L1.25B3





9. 
Kinetic energy plus enthalpy (CpT+KE)
J/m2

28L2B3




18L1.25B3





10. 
cloud water, qc




kg/kg
I

36L1B6




38LM3

23L1.25M1, 23L1.25G6




Atmosphere Processes 3D





21L1.0G3 
64L.47M3 







1. 
convective latent heating rate 


W/m2
A
28L2B3
36L1B6










2. 
stable latent heating rate 


W/m2
A
28L2B3










3. 
convective moistening rate 


kg/(m2s)
A
28L2B3
36L1B6










4. 
stable moistening rate 


kg/(m2s)
A
28L2B3










5. 
turbulent moistening rate
kg/(m2s)
A
28L2B3
36L1B6










6. 
turbulent heating rate
W/m2
A
28L2B3
36L1B6










7. 
short-wave heating rate 


W/m2
A
28L2B3
36L1B6










8. 
long-wave heating rate 


W/m2
A
28L2B3
36L1B6










9. 
moisture zonal flux



kg/(ms)
A
28L2B3






0.56M1,

0.56G6



10. 
moisture meridional flux



kg/(ms)
A
28L2B3










11. 
moisture vertical flux



kg/(ms)
A
28L2B3










12. 
moisture flux divergence



kg/(m2s)
A
28L2B3










13. 
energy (CpT+gZ+KE) zonal flux

W/m
A
28L2B3










14. 
energy (CpT+gZ+KE) meridional flux

W/m
A
28L2B3










15. 
energy (CpT+gZ+KE) vertical flux


W/m
A
28L2B3










16. 
energy flux divergence


W/m2
A
28L2B3










17. 
Total mass zonal flux



kg/(ms)
A
28L2B3










18. 
Total mass meridional flux
kg/(ms)
A
28L2B3










19. 
Total mass vertical flux
kg/(ms)
A
28L2B3










20. 
Mass flux divergence
kg/(m2s)
A
28L2B3










21. 
local time tendency of total energy
W/m2
A
28L2B3










22. 
Local time tendency of temperature
K/s
A











23. 
local time tendency of moisture

kg/(m2s)
A
28L2B3


64L.47M3



1.13M1,

1.13G6



24. 
Local time tendency of mass
kg/(m2s)
A
28L2B3











Vertically Integrated Atmos. Variables













1. 
Total moisture (precipitable water) Q
kg/m2
I
2B3
1B3









2. 
Total dry energy (CpT+KE+s)
J/m2
I
2B3


1.0G3







3. 
Total cloud water




kg/m2
I
2B3










4. 
surface pressure 


Pa
I
2B3
1B3

1.0G3

1.25B3

0.56M1,

0.56G6



5. 
Total aerosol
kg/m2
I
2B3


1.0G3 
.47M3 5








Vertically Integrated Processes













1. 
convective latent heating rate 


W/m2
A
2B3










2. 
stable latent heating rate 


W/m2
A
2B3










3. 
convective moistening rate 


kg/(m2s)
A
2B3










4. 
stable moistening rate 


kg/(m2s)
A
2B3










5. 
precipitation (total)
kg/(m2s)
A
2B3
1B3



1.25B3





6. 
precipitation (snow)
kg/(m2s)

2B3


1.0G3 b 

.47M3

1.25B3





7. 
water vapor zonal flux



kg/(ms)
A
2B3
1B3










8. 
Water vapor meridional flux
kg/(ms)
A
2B3
1B3










9. 
water vapor flux divergence


kg/(m2s)
A
2B3










10. 
total energy flux divergence


W/m2
A
2B3










11. 
mass  flux divergence
kg/(m2s)
A
2B3










12. 
local  time tendency of total mass
kg/(m2s)
A
2B3










13. 
local  time tendency of total energy
m2/s3
A
2B3










14. 
local time tendency of moisture


kg/(m2s)
A
2B3











Surface Variables













1. 
skin temperature 


K
I
2B3
1B3



1.25B3

*0.56M1,

0.56G6



2. 
2-meter temperature 


K
I
2B3
1B3

1.0G3

.47M3

1.25B3

1.25M1,

1.25G6



3. 
2-meter specific humidity 


kg/kg
I
2B3
1B3

1.0G3

.47M3

1.25B3





4. 
u-component at 10 m 


m/s
I
2B3
1B3

1.0G3 
.47M3 

1.25B3

1.25M1,

1.25G6



5. 
v_component at 10 m 


m/s
I
2B3
1B3

1.0G3

.47M3

1.25B3

1.25M1,

1.25G6



6. 
potential temperature at 10 m 

K
I
2B3
1B3


1.0G3

.47M3







7. 
specific humidity at 10 m 


kg/kg
I
2B3
1B3









8. 
Soil moisture
m
I
2B3
1B3




1.25B3





9. 
snow water equivalent


m
I
2B3
1B3




1.25B3

*0.56M1,

0.56G6



10. 
Snow depth
m

2B3


1.0G3 7 

.47M3

1.25B3

*0.56M1,

0.56G6



11. 
vegetation water 


kg/m2
I
2B3






*0.56M1,

0.56G6



12. 
Planetary boundary layer height

m
I
2B3
1B3

.47M3

1.25B3

*0.56M1,

0.56G6




Surface Processes





1.0G3

.47M3







1. 
shortwave downward flux (positive number)

W/m2
A
2B3
1B3




1.25B3

0.56M1,

0.56G6



2. 
shortwave upward flux (positve number)

W/m2
A
2B3


1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



3. 
longwave downward flux (positive number)

W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



4. 
longwave upward flux (postive number)

W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



5. 
Sensible heating =Total turbulent heating  (positive upward)



W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



6. 
Latent heating=Total turbulent latent heating (positive upward)

W/m2
A
2B3
1B3

1.0G3 b 

.47M3

1.25B3

0.56M1,

0.56G6



7. 
Total turbulent moistening =evaporation(positive upward)
kg/(m2s)
A
2B3
1B3


1.0G3 b 

.47M3

1.25B3





8. 
Snow and frozen ground conversion to soil water
W/m2
A
2B3










9. 
Snow and frozen ground conversion to soil water
kg/(m2s)
A
2B3










10. 
surface runoff



kg/(m2s)
A
2B3




1.25B3

*0.56M1,

0.56G6



11. 
Baseflow runoff
kg/(m2s)
A
2B3






*0.56M1,

0.56G6



12. 
Total ground heating=G
W/m2
A
2B3










13. 
local skin temperature tendency
K/s
A
2B3
1B3

.47M3







14. 
Local soil moisture tendency
kg/m2s
A
2B3


1.0G3 b 

.47M3







15. 
local snow water equivalent tendency
kg/m2s
A
2B3











Subsurface Variables













1. 
soil moisture




%
I
2L2B3










2. 
temperature




K
I
2L2B3






*0.56M1,

0.56G6




Subsurface Processes





2L1.0G3

2L.47M3







1. 
infiltration rate
kg/m2s

2L2B3


2L1.0G3

2L.47M3







2. 
local soil moisture tendency
kg/m2s

2L2B3










3. 
local temperature tendency
kg/m2s

2L2B3











Bottom of Subsurface Variables













1. 
temperature




K
I
2B3






*0.56M1,

0.56G6




Bottom of Subsurface Processes













1. 
ground Heat Flux




W/m2
A
2B3


.47M3



*0.56M1,

0.56G6




Miscellaneous













1. 
Precipitation type 1rain or 2snow


1,2
I
2B3










2. 
elevation
m

2B3




0.5*0.8B3

0.56B, 1.13B,1.25B



3. 
Surface albedo
%
I
2B3
1B3


1.0G3 1







4. 
station land/sea/ice mask 0(land)or1(sea)or(2)ice 

0,1,2
I
2B3
1B3


1.0G3

.47M3

0.5*0.8B3

0.56B



5. 
Total loud cover




%
I
2B3
1B3


1.0G3

.47M3

1.25B3

1.25B



6. 
surface exchange coefficient 


m/s
I
2B3


1.0G3 3 

.47M3 3







7. 
roughness length 


m
I
2B3
1B3


1.0G3 2

1.25B3

0.56B



8. 
Vegetation cover 


%
I
2B3






0.56B



9. 
Water table (wells)
m
I



.47M3 6







10. 
streamflow
m3/s
I



.47M3







11. 
Stream discharge
m3/s
I











12. 
Reservoir storage
m
I











13. 
(note)





1 yes(1)

no(0) flag

for 4 type

rain, snow,

ice pellets,

freezing

rain

2instanteous

3 sea=0, 

land=1, ice=2 (1 of 2 fields in MOLTS)

4 mPa/sec
5 mPa

6 cm 

7 mm

*MOLTS data taken from OPER resol. of x*y

*: Oct. 2003 –

0.56: Gaussian grid (0.5625)

1.13: Thinned Gaussian grid (1.125)



�PAGE \# "'Page: '#'�'"  ��These data are from the operational data stream, and file spec


�PAGE \# "'Page: '#'�'"  �� Average, not Instantaneous


�PAGE \# "'Page: '#'�'"  ��Average Not Instantaneous, fractional cover, not kg/kg


�PAGE \# "'Page: '#'�'"  ��total heating by moist processes (K/day)
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�PAGE \# "'Page: '#'�'"  ��(K/day)
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�PAGE \# "'Page: '#'�'"  ��Temperature not Theta


�PAGE \# "'Page: '#'�'"  ��Root Zone and Surface water (Fraction, not m) Average


�PAGE \# "'Page: '#'�'"  ��mm not m, Average


�PAGE \# "'Page: '#'�'"  ��Net shortwave at the ground


�PAGE \# "'Page: '#'�'"  ��mm/day


�PAGE \# "'Page: '#'�'"  ��Average


�PAGE \# "'Page: '#'�'"  ��Average
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