Convert ECMWF Surface Land type in Nature Run to CRTM variables.
Contribution from Ron Vogel (NESDIS) and Gianpaolo Balsamo (ECMWF)
summarized by   Michiko Masutani

(Acknowledgement:  Quanhua Liu, Paul Van Dels, David Groff, Erik Andersson and Banghua Yan)
[Vegetation]

Index for Vegetation type 

	Index 
	Vegetation type 

	1 

	Crops, Mixed Farming 

	2 

	Short Grass 

	7 

	Tall Grass 

	9 

	Tundra 

	10 

	Irrigated Crops 

	11 

	Semidesert 

	13 

	Bogs and Marshes 

	16 

	Evergreen Shrubs 

	17 

	Deciduous Shrubs 

	20 

	Water and Land Mixtures 

	- 

	Remaining land points 
without low vegetation 


	

	Index 
	Vegetation type 

	3 

	Evergreen Needleleaf Trees 

	4 

	Deciduous Needleleaf Trees 

	5 

	Deciduous Broadleaf Trees 

	6 

	Evergreen Broadleaf Trees 

	18 

	Mixed Forest/woodland 

	19 

	Interrupted Forest 

	- 

	Remaining land points 
without high vegetation 


[CRTM surface variables]

! PUBLIC PARAMETERS:

! 1) The type of land surface using in the Surface%Land_Type field:
There is a subroutine to get climatological value.  Tong Zhu of NESDIS used the climatological value as default in his simulation.

!

-----------------------------------------------------------------------
! The 24 surface types are: 
!    1.     water    2.  old snow  3.   fresh snow 
!    4.  compacted soil      5.  tilled soil   6.   sand 
!    7.     rock   8.  irrigated low vegetation  
9.   meadow grass 
!   10.    scrub    11.  broadleaf forest       12.   pine forest 
!   13.    tundra   14.  grass soil      15. broadleaf pine forest 
!   16.    grass scrub       
17.  oil grass      18.   urban concrete 
!   19.    pine brush  20.  broadleaf brush   21.   wet soil 
!   22.    scrub soil  23.  broadleaf 70-pine 30     
24.   new ice 
! 
-----------------------------------------------------------------------

! Land type Parameter Name

! --------------------------------------------------------

! Invalid INVALID_LAND

! Compacted soil COMPACTED_SOIL

! Tilled soil TILLED_SOIL

! Sand SAND

! Rock ROCK

! Irrigated low vegetation IRRIGATED_LOW_VEGETATION

! Meadow grass MEADOW_GRASS

! Scrub SCRUB

! Broadleaf forest BROADLEAF_FOREST

! Pine forest PINE_FOREST

! Tundra TUNDRA

! Grass soil GRASS_SOIL

! Broadleaf-pine forest BROADLEAF_PINE_FOREST

! Grass scrub GRASS_SCRUB

! Oil grass OIL_GRASS

! Urban concrete URBAN_CONCRETE

! Pine brush PINE_BRUSH

! Broadleaf brush BROADLEAF_BRUSH

! Wet soil WET_SOIL

! Scrub soil SCRUB_SOIL

! Broadleaf(70)-Pine(30) BROADLEAF70_PINE30

!

! 2) The type of water surface using in the Surface%Water_Type field:

!

! Water type Parameter Name

! ------------------------------------

! Invalid INVALID_WATER

! Sea water SEA_WATER

! Fresh water FRESH_WATER

!

 [Conversioincode for ECMWF Vegetatioin type and CRTM vegetation type]

Ron Vogel (JCSDA)

Below is some code to use for selecting the CRTM land type from the ECMWF vegetation parameters.Since I haven't seen the actual ECMWF data files, I'm assuming the following:

(1) the high and low vegetation types are integers 1-20

(2) the High Vegetation Type file contains only integers 3, 4, 5, 6, 18, 19

(3) the Low Vegetation Type file contains only integers 1, 2, 7, 9, 10,

11, 13, 16, 17.

(4) integers 8, 12, 14, 15 and 20 don't occur in either the High or Low

Vegetation Type data files. (Those are Desert, Ice_Caps_&_Glaciers,

Inland_Water, Ocean, and Water_&_Land_Mixtures, respectively.) Perhaps

a missing value (zero?) is used to replace these values???

See code below. 

!!!!! CODE TO SELECT CRTM Land_Type FROM ECMWF VEGETATION PARAMETERS !!!!!
!

!ECMWF Vegetation Parameters:

!

REAL :: cover_low_veg ! Fractional cover low vegetation (real 0. - 1.)

REAL :: cover_high_veg ! Fractional cover high vegetation (real 0. - 1.)

INTEGER :: type_low_veg ! Low vegetation type (integer)

INTEGER :: type_high_veg ! High vegetation type (integer)

!

!ECMWF to CRTM match-up

!

CHARACTER(21), DIMENSION(20) :: ecmwf_match2_crtm =

!!! CRTM TYPE !!



!! EMCWF TYPE !!!

(/ 'TILLED_SOIL ', & 


! CROPS

'SCRUB ', &




! SHORT GRASS

'PINE_FOREST ', & 


! EVERGREEN NEEDLELEAF

'PINE_FOREST ', & 


! DECIDUOUS NEEDLELEAF

'BROADLEAF_FOREST ', &


! DECIDUOUS BROADLEAF

'BROADLEAF_FOREST ', & 


! EVERGREEN BROADLEAF

'BROADLEAF_BRUSH ', & 


! TALL GRASS

'INVALID_LAND ', & 


! DESERT

'TUNDRA ', & 



! TUNDRA

'TILLED_SOIL ', & 


! IRRIGATED CROPS

'SCRUB_SOIL ', & 



! SEMIDESERT

'INVALID_LAND ', & 


! ICE CAPS AND GLACIERS

'BROADLEAF_BRUSH ', & 


! BOGS AND MARSHES

'INVALID_LAND ', & 


! INLAND WATER

'INVALID_LAND ', & 


! OCEAN

'SCRUB ', & 



! EVERGREEN SHRUBS

'SCRUB ', & 



! DECIDUOUS SHRUBS

'BROADLEAF_PINE_FOREST', & 

! MIXED FOREST / WOODLAND

'BROADLEAF_PINE_FOREST', & 

! INTERRUPTED FOREST

'INVALID_LAND ' /) 


! WATER AND LAND MIXTURES

!

! Logic to select CRTM Land Type from ECMWF Vegetation Parameters

!

IF (( cover_low_veg .LT. 0.1 ) .AND. ( cover_high_veg .LT. 0.1 )) THEN

        crtm_surftype = 'COMPACTED_SOIL'

ELSE

        IF ( cover_high_veg .GE. cover_low_veg ) THEN

              crtm_surftype = ecmwf_match2_crtm(type_high_veg)

        END IF

        IF  ( cover_high_veg .LT. cover_low_veg ) THEN

               crtm_surftype = ecmwf_match2_crtm(type_low_veg)

        END IF

END IF

Then assign crtm_surftype to the Surface structure component "Land_Type" in your CRTM application:
Surface(iprofile)%Land_Type = crtm_surftype
[Snow]

There are some snow related variables in the nature run. 
kpds=32       Snow albedo [(0-1)] 
kpds=033    Snow density [kg m**-3] 
kpds=044    Snow evaporation [m of water 
kpds=045    Snowmelt [m of water] 
kpds=141    Snow depth [m of water equiv 
kpds=144    Snowfall (convective + strat)
! 3) The type of snow surface using in the Surface%Snow_Type field:

!

! Snow type Parameter Name

! -----------------------------------------------

!

! Invalid INVALID_SNOW

! Wet snow WET_SNOW

! Grass after snow GRASS_AFTER_SNOW

! Powder snow POWDER_SNOW

! RS snow(A) RS_SNOW_A

! RS snow(B) RS_SNOW_B

! RS snow(C) RS_SNOW_C

! RS snow(D) RS_SNOW_D

! RS snow(E) RS_SNOW_E

! Thin Crust snow THIN_CRUST_SNOW

! Thick crust snow THICK_CRUST_SNOW

! Shallow snow SHALLOW_SNOW

! Deep snow DEEP_SNOW

! Crust snow CRUST_SNOW

! Medium snow MEDIUM_SNOW

! Bottom crust snow(A) BOTTOM_CRUST_SNOW_A

! Bottom crust snow(B) BOTTOM_CRUST_SNOW_B

!

!

From Weizhong Zheng's code (based on GSI code), snow is determined when

snow depth (mm) > 0.1

Snow water equivalent (SWE from ECMWF) needs to be changed to snow

depth. Multiply by conversion factor 5 for old snow, and 10 for fresh snow.
snow depth (m) = SWE * 5 <-conversion factor for old snow

snow depth (mm) = snow depth (m) * 1000.

For points where snow depth (mm) > 0.1, assign CRTM snow like this:

Surface(iprofile)%Snow_Type = CRUST_SNOW

where CRUST_SNOW=13. This selects the 'old snow' emissivity spectrum, which is adequate for IR sensors. Snow emissivity doesn't vary between 'old snow' and 'fresh snow' in mid-to-thermal IR (does vary in NIR however), so the 2 choices of 'old snow' or 'fresh snow' don't make much difference for IR sensors ( > 3.7 um). NOTE: 'old snow' and 'fresh snow' are the only choices currently available in CRTM for IR (i.e. Snow_Type = 13 or 14).  The above applies for IR sensors, but we have never really figured out how the snow depth threshold impacts the accuracy of CRTM TOA calculation (for IR). Rather, I include snow-covered land in my CRTM calculations, but then remove it in my statistics (since currently I'm more interested in non-snow-covered land than snow-covered land).
(Currently  Fresh_snow (14) is not used for IR. All snow are treated as old snow.) 
The snow threshold is very small ( 0.1 mm snow depth), so check the

ECMWF snow-water equivalent values for the smallest non-zero value.  If

the smallest non-zero value is bigger than 0.00002 m, then it doesn't

matter, because all grid cells with a non-zero value will need to be

evaluated in CRTM as a snow-covered surface.

Another approximation is to treat glaciers & continental ice sheets

(doesn't melt year-to-year) as old snow, and any fallen snow (melts by

summer) as fresh snow.

[Comments from Banghua Yan]
Banghua Yan commented that NESDIS SEAICE emissivity model is used for CRTM and MW and that will cover MW.

1) For snow type, there is no need to get information of snow type at

the current CRTM if you use the TB to get information of emissivity. If

you use the physical model, you need to get information of snow depth,

temperature, etc, which will used in the model. The kinds of snow types

you displayed are for the NESDIS SNOW emissivity model outputs, i.e.,

you may get information of the snow type which is pre-defined types from

the model-calculated snow emissivity.

[ICE]

! 4) The type of ice surface using in the Surface%Ice_Type field:

!

! Ice type Parameter Name

! ------------------------------------------------

! Invalid INVALID_ICE

! Fresh ice FRESH_ICE

! First year sea ice FIRST_YEAR_SEA_ICE

! Multiple year sea ice MULTI_YEAR_SEA_ICE

! Ice floe ICE_FLOE

! Ice ridge ICE_RIDGE

In Nature Run the only ice related variable is ice cover.

As long as you have any amount of sea ice coverage (value X > zero)

included in

Surface(iprofile)%Ice_Coverage = X

then CRTM will calculate IR surface emissivity using the single ice

type. There really isn't a need to make any type selection. This

applies to IR only. 
Banghua Yan commented that NESDIS SEAICE emissivity model is used for CRTM and MW and that will cover MW.

2) For sea ice type, there is no need to get information of sea ice

type at the current CRTM. The sea ice type  is also gotten from the

NESDIS SEAICE emissivity model outputs, which is similar to snow case.
[Futher comments from Ron Vogel 090810]
Since the snow depth threshold is so small, it may be best to assume a

surface with _any_ snow should be treated as snow in CRTM.  That is the

GSI approach.  NOTE: this refers to the %coverage value you input for d:

          Surface(iprof)%Water_Coverage = a

          Surface(iprof)%Land_Coverage  = b

          Surface(iprof)%Ice_Coverage   = c

          Surface(iprof)%Snow_Coverage  = d

I.e., snow depth is not an input for IR RT calculations.  You only need

snow depth to decide if your grid cell is snow-covered or not.

> It seem there is only one ice.  So if sea ice is covered by snow is 

> still treated as ice.   Is this correct?

We haven't done detailed analysis on the radiative transfer through snow

and ice.  For now, it is fine to assume a snow surface when ice is

snow-covered.

[Comments from Gianpaolo Balsamo of ECMWF ]  090811


I've looked at the documentation "Convert ECMWF Surface Land type in 
Nature Run to CRTM variables" by Ron Vogel, and my comment is that the 
look-up table (ECMWF veg. type to CRTM) although containing some 
inevitable arbitrary choices (e.g. "tall-grass" <--> "BROADLEAF_BRUSH") 
seems reasonable. I think there are 3 points worth mentioning: 

1) All non-vegetated surfaces (although present in the original BATS 
classification adopted at ECMWF) are not accounted for, because we treat 
for the moment only vegetated areas and bare ground. 

That is done using 4 fields: TVL, TVH for the high and low dominant veg. 
types (integer values 1 to 20), and CVL, CVH for the high and low cover 
fraction (0-1). 
The bare ground is given as a residual by the formula: 
BARE_FRACTION = 1 - (CVL*RCOV(TVL)) - CVH*RCOV(TVH) 
where the RCOV are the typical vegetated fractions of the given TVL, TVH 
vegetation cover type of each grid-point. 
The ECMWF model assumes bare ground in all non-vegetated areas 
(disregarding whether it is a desert or a urban area. 

2) Something slightly more accurate could be done instead with the snow. 
Given the availability of snow-density (ECMWF variable RSN., gribcode 33 
of table 128) this allows a precise calculation of snow depth (rather 
than using a fixed scaling factor of 5 or 10 depending on snow-aging). 
Fernando Prates has recently demonstrated (and showed in OD/RD meeting) 
that the snow-depths calculated from snow-water equivalent and 
snow-density are better matching the SYNOP snow-depth observations 
(compared to fixed scaling method with a factor 10) and that motivated 
the recent request to archive snow-density in EPS runs. 

3) Finally the fraction of grid-point occupied by snow can be calculated 
knowing the snow-water equivalent. For small amounts of snow we assume 
only fractional coverage. That is given by: 
SNOW_FRAC=MIN(1,SWE/SWE_crit) 
With SWE being the snow water equivalent in m and SWE_crit=0.015m. 

I hope this can provide some useful elements. The above formulae and a 
description of the land surface model and ancillary fields can be found 
in chapter 7 and 10 of the IFS physics documentation: 
http://www.ecmwf.int/research/ifsdocs/CY31r1/PHYSICS/IFSPart4.pdf 

Best regards, 
Gianpaolo

[RCOV:  Gianpaolo Balsamo of ECMWF ]  090819

Yes RCOV is the cover fraction (0-1), this is the IFS code name 
(since we are working on the code in these days I used the fortran name). 

In the documentation that is named "Cveg" in the Eq.7.1 and the values are reported in a column of table 7.1 (page 98). 
http://www.ecmwf.int/research/ifsdocs/CY31r1/PHYSICS/IFSPart4.pdf 
That is a given number for each vegetation class. 

Best regards, 
Gianpaolo  
