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INTRODUCTION 
 
Anci l l ar y f i l es ar e used t o suppl y dat a f i el ds f r om an ext er nal  
sour ce t o a r un of  t he Uni f i ed Model .   The dat a f i el ds bei ng 
suppl i ed may al r eady exi st  i n t he model  i n whi ch case t he 
anci l l ar y f i l e dat a wi l l  r epl ace t hat  al r eady i n t he model  or  
may be a t ot al l y new f i el d.    
 
I n numer i cal  weat her  pr edi ct i on model s r epl aci ng a f i el d woul d 
be used ei t her  t o updat e a f i el d f r om an ext er nal  anal ysi s or  
t o r eset  a f i el d t o cl i mat ol ogy.   I n cl i mat e model i ng i t  may be 
necessar y t o r egul ar l y updat e a f i el d f r om an ext er nal  
cl i mat ol ogy.   Thi s f aci l i t y i s al so used when r econf i gur i ng 
f r om one r esol ut i on t o anot her  and i t  i s desi r ed t o use 
ext er nal l y gener at ed anci l l ar y f i l es i nst ead of  usi ng t he 
i nt er pol at i on wi t hi n t he r econf i gur at i on st ep.   Thi s i s 
par t i cul ar l y i mpor t ant  f or  cer t ai n l and f i el ds such as  
veget at i on par amet er s,  soi l s par amet er s,  soi l  moi st ur e and snow 
amount  as t hese must  be consi st ent  wi t h each ot her .  
 
I f  t he dat a f i el d bei ng suppl i ed f r om t he anci l l ar y f i l e 
doesn’ t  al r eady exi st  i n t he model  t hen i t  i s added.   Thi s 
woul d be used when changi ng par amet r i zat i on schemes.  
 
Once r econf i gur ed i nt o t he model  some anci l l ar y f i l es wi l l  
r emai n f i xed f or  t he dur at i on of  t he model  r un and ot her s wi l l  
evol ve as t he model  evol ves.  
 
I t  i s nor mal  pr act i ce t o r un reconfiguration bef or e a model  r un 
t o r ead any anci l l ar y f i l es.   However ,  t he model  i t sel f  can 
r egul ar l y updat e f i el ds dur i ng a r un i f  so desi r ed.  
 
Thi s paper  descr i bes t he dat a sour ces used f or  t he mast er  
anci l l ar y f i l e dat aset s and t he met hods used t o gener at e 
dat aset s on model  r esol ut i ons.  I n addi t i on t o st andar d 
r ef er ences,  URL addr esses of  wher e dat aset s ar e avai l abl e on 
t he Wor l d Wi de Web ar e gi ven.  ( Not e f or  ext er nal  user s:  The Met  
Of f i ce i s unabl e t o pr ovi de t he mast er  dat aset s,  i t  i s up t o 
i ndi vi dual  user s t o obt ai n t he dat a t hemsel ves and r ef or mat  t o 
UM anci l l ar y f i l e f or mat . )    
 
Dat aset s on st andar d r esol ut i ons ar e hel d cent r al l y but  i t  i s 
al so possi bl e t o gener at e dat aset s on any desi r ed r esol ut i on 
usi ng t he anci l l ar y f i l e gener at i on f aci l i t y descr i bed i n UMDP 
73.    
 
The dat aset s cover ed by t hi s document  ar e;  
l and sea mask 
or ogr aphy 
veget at i on par amet er s 
soi l  par amet er s 
sea sur f ace t emper at ur e 
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sea ice concentration 
soil moisture and snow amount 
deep soil temperatures 
aerosols 
ozone 
 
No definition of terms are given nor is any description of how 
the fields are used in the model.  For this see the appropriate 
documentation paper of the appropriate parametrization scheme. 
 

INTERPOLATION TECHNIQUE 
 
When generating datasets for a given model resolution from the 
master datasets some kind of interpolation is invariably 
involved.  If the desired resolution is global then area 
averaging is used otherwise bi-linear interpolation is used, 
both these methods are described in UMDP S1. 
 
For the sake of interpolation it is generally assumed that the 
data within the master datasets lie at the centre of grid 
boxes.  On the derived resolution, the data lies at the top 
left hand corner of the grid box, i.e. a T grid. 
 
Often, ancillary fields have large areas of missing data, e.g. 
a sea surface temperature climatology will not have data over 
land areas unless some kind of extrapolation has been 
performed.  This poses a problem when interpolation from one 
grid to another as there will be a number of points that are 
unresolved.  For these points a gradually increasing spiral 
search is performed in an attempt to set a data value. If so 
desired, the radius of the search area can be limited and then 
a default value is set for any points that remain unresolved.   
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DESCRIPTION OF DATA SOURCES 
 

Land Sea Mask 
PP code 38  STASH code 30 FS Code 74 
 
Optional extra field 
River Runoff Outflow Points 
PP code 700 STASH code 93 
 
NB : This data source is now considered to be obsolete.  It is 
recommended that the method involving IGBP data be used, see 
the later section.  
 
Land sea masks ar e der i ved f r om a f r act i onal  l and cover  
dat aset .   Gr i d boxes wi t h a l and f r act i on gr eat er  t han some 
cr i t er i a,  nor mal l y 50%,  ar e cl assed as l and and t he r emai nder  
as open wat er ,  gener al l y sea but  may al so i ncl ude l akes.  
 
The dat aset  used i s t he US Navy 10’  ( 1984)  dat aset  
( http://dss.ucar.edu/datasets/ds754.0/) ,  suppl ement ed by dat a 
obt ai ned f r om t he Br i t i sh Ant ar ct i c Sur vey.   A dat aset  at  5’  
r esol ut i on i s al so avai l abl e but  t hi s cover s nor t h west  Eur ope 
onl y.    
 
Bef or e t he l and sea mask i s used i n t he model  i t  may be 
desi r abl e per f or m hand edi t s t o r emove f eat ur es t hat  may cause 
noi se i n t he l ower  boundar y l ayer  physi cs.   Gui dance and 
ut i l i t i es f or  t hi s ar e descr i bed i n UMDP 73.   
 
When a l and sea mask i s gener at ed,  a dat aset  of  f r act i onal  l and 
cover  i s al so cr eat ed.   Thi s dat aset  i s not  used i n t he model  
and i s pr ovi ded f or  i nt er est  or  di agnost i c pur poses onl y.  I t  i s 
al so not  al t er ed t o t ake i nt o account  any manual  updat es 
 
The r i ver  r unof f  out f l ow poi nt s f i el d i s onl y appl i cabl e t o t he 
cl i mat e model  and has been gener at ed by manual l y i nspect i ng t he 
or ogr aphy dat aset .  
 
[ Not e:  The l and sea mask used i n hadgem1 r uns has been pr oduced 
usi ng a di f f er ent  met hod out si de t he scope of  t hi s document ]
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Orography and Related Fields 
           
  
 PP STASH FS 
Or ogr aphy mean hei ght  1 33 73 
st andar d devi at i on,  • h ( m)  150 34 186 
Or ogr aphi c gr adi ent  x component  • Hx  5  
Oor gr aphi c gr adi ent  y component  • Hy  6  
xx gr adi ent  of  st andar d devi at i on,  • xx 152 35  
xy gr adi ent  of  st andar d devi at i on,  • xy 153 36  
yy gr adi ent  of  st andar d devi at i on,  • yy 154 37  
si l houet t e of  or ogr aphy per  uni t  ar ea,  A/ S 174 17  
h/ 2√2,  wher e h=peak t o t r ough hei ght  
( h=2√2• h)  

175 18  

         
The mai n dat a sour ce used i s t he dat aset  known as GLOBE,  Gl obal  
One- km Base El evat i on,  see URL 
http://www.ngdc.noaa.gov/seg/topo/globe.shtml.    
 
The GLOBE dat a ar e at  30"  ( ~1km)  r esol ut i on.  I nt er i m 
r esol ut i ons of  10’  ( t o be compar abl e wi t h t he ol d US Navy dat a)  
and 1’  ar e al so avai l abl e but  use of  t hese i s di scour aged.   
 
Ver y hi gh r esol ut i on dat a i s al so avai l abl e cover i ng most  of  
Nor t her n Eur ope avai l abl e at  30”  ( 1km)  r esol ut i on,  al t hough a 
1’  ( 2km)  ver si on i s al so avai l abl e.    
 
The f i el ds ar e def i ned as f ol l ows.  
 

or ogr aphi c mean = 
H

n
∑  

 
wher e H i s t he or ogr aphi c hei ght  

st andar d devi at i on 

I f  t he mean gr adi ent  has been r emoved ( see bel ow)  t hen 

2

( 1)
a H

a
σ =

−
∑  

 
ot her wi se 
 

 

22( )
( 1)

a H H

a
σ

−
=

−
∑  

 
wher e a i s t he ar ea di f f er ence bet ween t he t ar get  and sour ce 
gr i d boxes gi ven by 
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.T T

S S

a
δλ δφ
δλ δφ

=
 

 
•• and •• and the longitudinal and latitudinal spacing of the 
grids and subscripts T and S denote target and source grids 
respectively. 
 
The mean gradient is removed by interpolating the interpolated 
mean field back to the source grid and subtracting from the 
original source data.  The amended source field is then used 
to calculate the sub-grid scale fields. 
 
The two gradient fields are defined by   
 
  

x

h
H

x

δ
δ

 ∂ =     y

h
H

y

δ
δ

 
∂ =     

 
 
The three square gradient fields are defined by 
 

 

2

xx

h

x

δσ
δ

 =      
2

yy

h

y

δσ
δ

 
=     

2

xy

h

xy

δσ
δ

 
=     

 
wher e x and y denot e t he x and y gr i d spaci ng,  • xy i s  t he gr i d 
box di agonal .   These f i el ds r epr esent  t he ani sot r ophi c nat ur e 
of  t he or ogr aphy ( t he ‘ shape’ )  wi t hi n t he gr i d box.  
 
When cal cul at i ng or ogr aphi c f i el ds,  var i ous f i l t er s need t o be 
appl i ed t o bot h t he sour ce dat a and t he dat a cal cul at ed on t he 
t ar get  gr i d.   The r at i onal e behi nd t he f i l t er s t hat  ar e 
appl i ed ar e descr i bed i n UMDP 74.    
 
The st andar d devi at i on and gr adi ent  f i el ds ar e used wi t hi n t he 
gr avi t y  wave par amet r i zat i on scheme.   I t  shoul d be appar ent l y 
obvi ous t hat  i n or der  t o cal cul at e t he st andar d devi at i on and 
gr adi ent  f i el ds,  t he t ar get  gr i d shoul d be s i gni f i cant l y 
coar ser  t han t he gr i d of  t he sour ce dat a.   I f  t hi s i s not  t he 
case t hen i t  i s advi sabl e not  t o act i vat e t he gr avi t y wave 
scheme when r unni ng t he model .  
 
The r emai ni ng t wo f i el ds ar e used i n t he or ogr aphi c dr ag 
par amet r i zat i on scheme.    
 
A/ S i s t he s i l houet t e of  or ogr aphy per  uni t  ar ea and i s 
cal cul at ed t hr ough a cr oss- sect i on us i ng  
 

 
( )

/
H h h

A S
L

δ δ
= ∑  
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 H( x)  = 1 f or  x  > 0 
          = 0 ot her wi se 
 
Gener al l y ,  sever al  cr oss sect i ons ar e made and an aver age 
cal cul at ed t o f i nd a gr i d box mean.   The di agonal s used ar e 
shown i n f i gur e 1.   

 
Figure 1: The cr oss sect i ons used t o cal cul at e a val ue of  A/ S 
f or  each 5’ x5’  ( see bel ow)  gr i d box.   The number s denot e t he 
end of  t he cr oss sect i ons.  
 
The act ual  cr oss sect i ons chosen ar e r at her  ar bi t r ar y as l ong 
as a good even sampl e i s  achi eved.   
 
The peak t o t r ough hei ght , h,  i s par amet r i zed i n t er ms of  t he 
st andar d devi at i on.  
 

 2 2 hh σ=  
 
For  ease of  use,  t hese t wo f i el ds have been pr e- cal cul at ed 
usi ng hi gh r esol ut i on dat a on a 5’  x 5’ l at i t ude- l ongi t ude gr i d 
and t he f i el ds ar e t hen si mpl y i nt er pol at ed ont o t he r equi r ed 
gr i d.  The A/ S f i el d i n par t i cul ar  i s ver y sensi t i ve t o t he 
r esol ut i on of  t he sour ce dat a and i deal l y shoul d be cal cul at ed 
usi ng dat a no coar ser  t han 3” .   However ,  dat a at  t hi s 
r esol ut i on onl y exi st s  f or  a l i mi t ed ar ea and t her ef or e t he 
f i el d gener al l y used has been cal cul at ed usi ng t he 30”  GLOBE 
dat a and scal ed i n such a way so t hat  t he mean over  t he ar ea 
al so cover ed by t he 3”  dat a i s conser ved.   Thi s scal i ng i s 
appl i ed bef or e t he dat a i s i nt er pol at ed.  
 
I t  shoul d be not ed t hat  t he •  used t o cal cul at e t he peak t o 
t r ough hei ght  has been cal cul at ed f r om t he hi gh r esol ut i on 
dat a and i s a di f f er ent  •  t o t hat  used i n t he gr avi t y wave 
scheme.   Al so,  f or  comput at i onal  conveni ence t he f i el d st or ed 

i n t he anci l l ar y f i l e i s  act ual l y 
2 2

h
 .
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Sea Surface Temperature (K). 
PP code 16  STASH code 24  FS code 91 
 

Sea i ce Concent r at i on,  f I .  
PP code 37 STASH code 31  FS code 134 
 

Sea i ce Fr act i onal  Ti me 
PP code 37 STASH code 38 
 

Sea i ce ' Equi val ent '  Thi ckness,  DI ,  ( m) .  
PP code 92 STASH code 32 
 
Both the sea surface temperature and sea ice concentration 
fields have been derived from GISST 2.0 (Global sea-Ice and Sea 
Surface Temperature) climatology (Parker et al 1995 or 
http://www.metoffice.gov.uk/research/hadleycentre/obsdata/GISST.html)
. Each has 12 fields valid at the middle of the month.  For 
each sea ice concentration field there is also derived fields 
of fractional time and sea ice thickness. 
 
The SST climatology was developed using a complete SST 
background field which was created for each calendar month by 
averaging the relevant blended satellite and in situ SST fields 
from 1982 onwards in GISST1.1.  In situ SSTs for each month in 
1961-90 were then collated with SSTs derived statistically for 
sea-ice regions using observed sea-ice concentrations, before 
blending with the background field using a method in which the 
two-dimensional second derivative of the background field was 
preserved.  The resulting individual monthly SST fields were 
lightly smoothed before averaging into the final monthly 1 
degree dataset.  
 
After interpolation to the required grid, the SST dataset is 
compared to the corresponding sea-ice concentration dataset.  
The SST at grid points with a non-zero value for sea-ice 
concentration  is  assigned  to  be  271.35K. At sea points 
that are not frozen the minimum permissible value for SST is 
271.4K. 
 
The sea ice climatology has been created using data obtained 
from the World Data Center for Glaciology (University of 
Colorado) supplemented by a Russian sea-ice climatology and a 
dataset prepared at the University of Illinois by John Walsh.  
In the WDCG dataset, data for the Arctic covers the period 1972 
to 1984 and data for the Antarctic covers the period 1973 to 
1984.  
 
The fractional time field is created automatically as part of 
the interpolation process.  It gives the time between one month 
and the next that the sea ice concentration changes between a 
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non-zero value and zero. 
 
The sea ice thickness field is arbitrarily assigned values of 
2m in the Arctic and 1m in the Antarctic.  However, a separate 
dataset exists for the slab model that does have variable sea 
ice thickness. 

 

Soil Moisture Content in a layer, m, (kgm-2). 
PP code 122 STASH code 9  FS Code 191 
 

Snow Amount, S, (kgm-2). 
PP code 93 STASH code 23  FS Code 121 
 

Snow fractional time 
PP code 93 STASH code 27 
 
There are currently three soil moisture climatologies and two 
snow climatologies available.   
 
GSWP2: soil moisture only 
Willmott et al: soil moisture and snow 
AMIP: soil moisture and snow 
 
If GSWP2 soil moisture is chosen then it may be combined with 
either of the snow climatologies. 
 
It is recommended to use the GSWP2 (Global Soil Wetness 
Project) (http://www.iges.org/gswp/) soil moisture data. It has 
been created by running the MOSES-2 scheme as used in the 
Unified Model off-line with observational forcing data. It is 
thus a much better representation of the physics of the model 
than either of the two other datasets. 
 
NB: Ensure that the correct GSWP2 soil moisture climatology is 
being used according to which soil parameters are being used. 
 
Willmott et al (1985)  provide a climatology of the total soil 
moisture content.  This climatology was first scaled to match 
the vegetation and soil parameters in the model using 
 
m’ = Fm 
 
where m’ is the scaled soil moisture value 
m is the original soil moisture value from Willmott et al 
and 
 
F=((χf-χw)DRρ)/150 
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χf is the volumetric soil concentration at field capacity 
χw is the volumetric soil concentration at wilting point 
DR is the root depth 
ρ is the density of water 
 
(NB: these volumetric soil concentrations were for the old 
single level hydrology scheme). 
 
The soil moisture in a layer, appropriate for the MOSES surface 
scheme, was then calculated using 
 

)
)

(' (
M M
c w

c w

M
w iR

i
R

m D

m
D

χ
χ

χ ρχχ
  −    −  

+ ∆
=  

 
mI is the soil moisture in layer of thickness ∆i. 
χc is the volumetric soil moisture concentration at critical 
point 
superscript M denotes values used are for the MOSES surface 
scheme 
 
The original Willmott et al data was at 1°x1° resolution but the 
master climatology now used is at N144 resolution. 
 
Willmott et al also provide a climatology of the snow amount 
and this too has been interpolated to this resolution. 
 
The final climatology has been derived from a 17 year AMIP 
experiment run at N48 resolution. 
 
For each snow amount field there exists a field of the 
fractional time that a point changes between a zero and non-
zero (or vice-versa) value between one data time and the next. 
 
In calculating soil moisture and snow amount fields, the 
corresponding soil parameters file is used to ensure that the 
specification of land ice points is consistent across the 
datasets. At land ice points, the snow amount is set to 
50000kgm-2 and the soil moisture is set to 0 kgm-2. 
 
 

Deep Soil Temperature, T , (K). 
PP code 23 STASH code 20 FS Code 190 
 
There are 12 fields for each of the four soil layers at depths 
0.1m, 0.25m, 0.65m and 2.0m.  The climatology used is that 
created by a 17 year AMIP run of the climate model. 
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Soil type dependent fields  
 
Ther e ar e t wo sour ces f or  soi l  t ype c l assi f i cat i on, Wi l son and 
Hender son- Sel l er s ( 1985)  ( http://dss.ucar.edu/datasets/ds767.0/) ) ,  
her eaf t er  r ef er r ed t o as WHS and I GBP and t wo soi l  hydr ol ogy 
schemes,  Cl app Hor nber ger  and Van Genucht en.  The soi l  
par amet er s used i n t he Cl app Hor nber ger  scheme ar e cal cul at ed 
f r om f r act i ons of  c l ay/ si l t / sand usi ng t he equat i on suggest ed 
by Cosby et  al  ( 1984) ,  t hey ar e t hus somet i mes r ef er r ed t o as 
Cosby par amet er s.  The Van Genucht en scheme uses di f f er ent  soi l  
par amet er s and t hese ar e f ound i n a l ookup t abl e.  
 
I t  i s onl y possi bl e t o cal cul at e Cosby par amet er s f r om t he WHS 
dat a but  bot h Cosby and Van Genucht en par amet er s may be 
cal cul at ed f r om t he I GBP dat a.   
 

Cosby Parameters (for Clapp-Hornberger hydrology). 
 
Ther e ar e a t ot al  of  t en f i el ds.   
 
Field PP STASH 
vol umet r i c soi l  moi st ur e conc.  at  wi l t i ng poi nt ,  
• w 

329 40 

vol umet r i c soi l  moi st ur e conc.  at  cr i t i cal  poi nt ,  
• c 

330 41 

vol umet r i c soi l  moi st ur e conc.  at  sat ur at i on,  • s 332 43 
Cl app- Hor nber ger  “ b”  Coef f i c i ent ,  b 1381 207 
t her mal  conduct i v i t y of  soi l ,  • s ( Jm- 1K- 1s - 1)  336 47 
sat ur at ed hydr ol ogi cal  soi l  conduct i vi t y ,  Ks 
( kgm- 2s - 1)  

333 44 

t her mal  capaci t y of  soi l ,  Cs ( Jm- 3K- 1)  335 46 
sat ur at ed soi l  wat er  suct i on  ( SATHH)  342 48 
soi l  al bedo,  α 1395 220 
soi l  car bon cont ent ,  Sc ( kgm- 2)   1397 223 
   
 
These par amet er s,  except  soi l  car bon,  ar e cal cul at ed f r om 
f r act i ons of  c l ay/ si l t / sand i n t he soi l  t ype.  I f  I GBP soi l s ar e 
bei ng used t hen t hese f r act i ons ar e r ead di r ect l y f r om a l ookup 
t abl e ( see sect i on bel ow on Van Genucht en par amet er s f or  mor e 
i nf or mat i on) .  I f  WHS soi l s ar e bei ng used,  t hen t he f r act i ons 
of  c l ay/ si l t / sand have t o be der i ved f r om t he soi l  t ype gi ven 
as expl ai ned next .  
 
WHS def i ne 22 di f f er ent  soi l  t ypes accor di ng t o col our ,  t ext ur e 
and dr ai nage char act er i st i cs,  l i st ed i n t abl e 1.   The dr ai nage 
char act er i st i cs have been i gnor ed.   The t ext ur e has been used 
t o def i ne t he hydr ol ogi cal  and t her mal  pr oper t i es of  t he soi l  
and t he col our  has been used t o def i ne t he bar e soi l  al bedo,  
used i n t he cal cul at i on of  t he snow f r ee al bedo ( see l at er ) .  
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Soil Code Colour Texture Drainage 

11 light coarse Free 
12 light medium Free 
13 light fine Free 
14 light coarse impeded 
15 light medium impeded 
16 light fine impeded 
17 medium coarse Free 
18 medium medium Free 
19 medium fine Free 
20 medium coarse impeded 
21 medium medium impeded 
22 medium fine impeded 
23 dark coarse Free 
24 dark medium Free 
25 dark fine Free 
26 dark coarse impeded 
27 dark medium impeded 
28 dark fine impeded 
29 light - Poor 
30 medium - Poor 
31 dark - Poor 
34 ice - - 

 
Table 1:  Soil codes and their properties in the WHS archive. 
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Using table 1, we first define the percentage of fine, medium 
and coarse soil for each of the 22 soil classes. 
 
Soil Code % ice % fine % medium % coarse 

11    100 
12   100  
13  100   
14    100 
15   100  
16  100   
17    100 
18   100  
19  100   
20    100 
21   100  
22  100   
23    100 
24   100  
25  100   
26    100 
27   100  
28  100   
29    100 
30   100  
31  100   
34 100    

 
Table 2:  Percentage of 4 texture components and their 
associated soil types. 
 
Each soil texture type has varying fractions of clay, silt and 
sand, corresponding to varying soil particle size, given by  
 

 Clay Silt Sand 
Fine 0.52 0.27 0.21 
Medium 0.23 0.50 0.27 
Coarse 0.05 0.10 0.05 

 
Table 3:  Soil particle size fractions, Cosby et al (1984). 
 
WHS provide soil classes on a 1°x1° latitude-longitude grid.  
For each soil class, the average fraction of each soil particle 
size is calculated as 
 

3

1 100
j

ij j
i

j

F
F

α=

=
=∑  

 
Fi is the average fraction of soil particle size i in soil type 
j αij is the weight as given in table 2. 
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Not e t hat  i ce i s excl uded.   Si nce i n each WHS soi l  cl ass t her e 
exi st s onl y 1 t ext ur e t ype,  t her e i s a di r ect  one t o one 
mappi ng of  WHS soi l  c l ass t o soi l  par t i cl e si ze f r act i ons.  
 
The soi l  par t i c l e si ze f r act i ons ar e t hen i nt er pol at ed t o t he 
r equi r ed gr i d.  The i nt er pol at ed val ues ar e t hen used t o 
cal cul at e t he val ues of  t he soi l  par amet er s usi ng t he f ol l owi ng 
equat i ons.  
 
Usi ng t he mul t i pl e r egr essi on r el at i onshi ps of  Cosby et  al .  
( 1984) * * ,  
 

 
(2.17 0.63 1.58 )

( 5.55 0.64 1.26 )

3.10 15.70 0.3
0.01

0.505 0.037 0.142

c s

c s

c s

F F

F F
s

s c s

b F F

SATHH e

K e
F Fχ

− −

− − +

= + −
=

=
= − −

 

 
Fc and Fs ar e t he f r act i ons of  c l ay and sand r espect i vel y wi t h 
r espect  t o t he t ot al  f r act i on of  soi l  i . e.  excl udi ng i ce.  
 
* *  See appendi x A.  
 
Cal cul at e χw assumi ng t hat  t hi s cor r esponds t o a suct i on of  –
1. 5Mpa or  an equi val ent  dept h of  wat er  of  152. 9m.  
 

 

1

152.9
b

w s
SATHHχ χ

       =  

 
Si mi l ar l y,  cal cul at e χc assumi ng t hat  t hi s cor r esponds t o a 
suct i on of  –0. 033Mpa or  an equi val ent  dept h of  wat er  of  3. 364m.  
 

1

3.364
b

c s
SATHHχ χ

       =  

 
The dry soil heat capacity is calculated as 
 
 (1 )( )s s c c s s st stC F c F c F cχ= − + +  
 
where Fst is the fraction of silt with respect to the total 
fraction of soil and cc, cs and cst are the heat capacities for 
air, clay, sand and silt respectively and have the values 
 
cs=2.133x10

6 Jm-3K-1 
cc=2.373x10

6 Jm-3K-1 
cst=2.133x10

6 Jm-3K-1 
 
The values for clay and sand have been chosen to reproduce the 
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dr y t her mal  conduct i vi t y and capaci t y val ues quot ed i n t abl e 
4. 1 of  ‘ The Fr ozen Ear t h’ ,  Wi l l i ams and Smi t h.   The val ue f or  
si l t  has been set  t o be t he same as f or  sand.  
 
The t her mal  conduct i v i t y i s cal cul at ed as 
 

 
1 1 1

) ( ) ( )( air sand silt

s c s s st sts F F F

s clay

χ χ χχ λ λ λλ λ
                                   

− − −   =  

 
wher e subscr i pt s ai r ,  sand,  si l t  and cl ay denot e t he t her mal  
conduct i vi t y ( λ)  of  ai r  and each of  t he soi l  par t i cl e si zes 
r espect i vel y and have t he val ues 
 
λai r  = 0. 025 Wm- 1K- 1 
λcl ay = 1. 16025 Wm- 1K- 1 
λsand = 1. 57025 Wm- 1K- 1 
λsi l t  = 1. 57025 Wm- 1K- 1 
 
For  poi nt s wi t h par t i al  or  f ul l  i ce cover  t he t her mal  
pr oper t i es ar e cal cul at ed as 
 
 

soils s i isoil cC F C F= +  

 
 

soils s i isoilF Fλ λ λ= +  

 
wher e Fsoi l  i s t he t ot al  f r act i on of  soi l  of  heat  capaci t y Cssoi l  
and t her mal  conduct i v i t y λssoi l .   FI  i s t he f r act i on of  i ce and c I  
and λI  ar e t he heat  capaci t y and t her mal  conduct i v i t y of  i ce 
r espect i vel y and have t he val ues 
 
c I  = 0. 63x106 Jm- 3K- 1 

λs = 0. 265 Wm- 1K- 1 
 
I n t he cur r ent  Uni f i ed Model  par amet r i zat i on,  t he f r act i on of  
l and i ce may onl y be ei t her  0. 0 or  1. 0.   I t  t hus f ol l ows t hat  
at  l and i ce poi nt s,  t he t her mal  quant i t i es ar e si mpl y set  t o 
t he val ues gi ven above.   At  l and i ce poi nt s,  t he soi l  al bedo i s 
set  t o t he val ue f or  l and i ce ( see bel ow)  and al l  ot her  f i el ds 
ar e set  t o zer o.     
 
 
 
 
 
 
 
 
 
Calculation of soil albedo  
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The val ue of  soi l  al bedo i s set  accor di ng t o t he f ol l owi ng 
t abl e.  
 
 Aver age soi l  Dr y soi l  
Li ght  col our ed 0. 26 0. 35 
Medi um col our ed 0. 17 0. 25 
Dar k col our ed 0. 11 0. 15 
I ce 0. 75 0. 75 
 
Table 4: Val ues of  soi l  al bedo accor di ng t o soi l  col our  and 
wet ness.  
 
 
WHS al so pr ovi de a dat aset  of  pr i mar y and secondar y veget at i on 
t ype at  t he same r esol ut i on as t he soi l s dat a and t hi s i s used 
t o det er mi ne whet her  t he avear ge or  dr y val ue i s used.  
 
I f  WHS cl ass ei t her  t he pr i mar y or  secondar y veget at i on t o be 
semi  ar i d r ough gr azi ng ( cl ass 36) ,  or  deser t  ( c l asses 
70, 71, 72, 73)  t hen t he dr y val ue i s used,  ot her wi se t he aver age 
val ue i s used.   
 
 ‘ Sahar an modi f i cat i on’  
 
An opt i on exi st s t o use al t er nat i ve al bedo val ues f or  deser t  
r egi ons as t he st andar d val ues appear  t o be t oo l ow when 
compar ed agai nst  obser vat i onal  dat a.   I f  t hi s opt i on i s chosen 
t hen t he f ol l owi ng act i ons ar e t aken.  
 
Al l  poi nt s i n t he ar ea bounded by 5° N,  35° N,  20° W,  60° E ar e set  
t o a val ue of  0. 4 ( or  any al t er nat i ve val ue speci f i ed by t he 
user ) .  
 
 
MODIS CLASSIC soil albedo 
 
Houl dcr of t  et  al  descr i be a new dat aset  of  bar e soi l  al bedo 
der i bed f r om MODI S dat a at  a r esol ut i on of  0. 05° x0. 05° .  Si x 
dat aset s ar e avai l abl e,  bl ack- sky and whi t e sky f or  wavel engt hs 
cor r espondi ng t o vi si bl e ( 0. 3• m t o 0. 7• m) ,  near - i nf r ar ed ( 0. 7• m 
t o 5. 0• m)  and t ot al  shor t wave ( 0. 3• m t o 5. 0• m)  i n t he spect r um.  
Bl ack sky r adi at i on i s t he t er m gi ven t o di r ect  r adi at i on and 
whi t e sky i s di r ect  r adi at i on and r ef l ect ed r adi at i on.   
 
We use whi t e sky t ot al  shor t wave.  
 
Each dat a pi xel  has an associ at ed er r or  f l ag,  see Houl dcr of t  et  
al  f or  f ul l  det ai l s.  
 
1:  wat er  
2:  no r et r i eval  over  l and 
3:  good qual i t y al bedo 
4:  good qual i t y al bedo 
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5: poor quality albedo 
6: poor quality albedo 
 
Houldcroft et al recommend that only data flagged as good 
quality is used. However, we believe that even data marked as 
poor quality is better than the alternatiev and therefore the 
default is to use all available CLASSIC data. 
 
The final soil albedo field is a weighted blend with the WHS 
soil albedo data. 
 
 
Soil Carbon 
 
Soil carbon data has been derived from Zinke et al (1986),  
http://cdiac.esd.ornl.gov/ndps/ndp018.html or the paper Post et al 
(1982).  Zinke et et al provide data as point values (i.e. 
observations), and this data has been converted to a regular 
0.5°x0.5° grid by Woodward (1995).  It is then simply 
interpolated to the required grid 
 
An alternative soil carbon field is available from the IGBP 
soil dataset. 

 

 

Soil type dependent fields (for Van Genuchten hydrology). 
 
(The Van Genuchten hydrology scheme is still being tested and 
is not yet included as an option in the standard Unified 
Model). 
 
The ten fields in this case are: 
 
Field PP STASH 
volumetric soil moisture conc. at wilting point, 
•w 

329 40 

volumetric soil moisture conc. at critical point, 
•c 

330 41 

volumetric soil moisture conc. at saturation 
point, •s 

332 43 

Van Genuchten parameter (1/(n-1)) 1381 207* 
thermal conductivity of soil, •s (Jm

-1K-1s-1) 336 47 
saturated hydrological soil conductivity , Ks 
(kgm-2s-1) 

333 44 

thermal capacity of soil, Cs (Jm
-3K-1) 335 46 

Van Genuchten parameter (1/100•) 342 48* 
soil albedo, α 1395 220 
soil carbon content, Sc (kgm

-2)  1397 223 
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*Currently the same STASH code is being used as fields in the 
Clapp-Hornberger scheme. These will be given unique STASH 
codes in a future UM release but it does mean that there will 
be no checks made in the UM that the soil dataset being 
supplied matches the hydrology scheme being used. The onus is 
on the user to be sure. Unusual model behaviour may result if 
the incorrect dataset is used! 

 
The Van Genuchten parameters n and • are explained below (• 
here is not albedo). 
 
These parameters are calculated from the IGBP soils dataset 
(not be confused with the IGBP vegetation dataset described in 
a later section). 
 
The dataset is obtained on a CD-ROM available for order from 
the Oak Ridge National Laboratory Distributed Active Archive 
Centre (http://www-eosdis.ornl.gov) . 
 
The documentation supplied with the CD and the references 
given in this paper describe fully how this dataset was 
produced and so only a short summary will be given here. 
 
The dataset provides on a regular 5’ by 5’ (approximately 10km 
by 10km) grid a soil map unit code. The map units are arranged 
such that numbers 1 to 1972 are reserved for Africa and from 
3001 to 6998 for the rest of the world. The soil units are 
represented by  symbol according to the FAO-UNESCO 1974 legend 
(FAO 1995). For homogeneous soils a map unit will be composed 
of a single soil unit otherwise there will be a dominant soil 
type and up to seven other component soils. 
 
In addition to the 106 FAO soil units there are a further  7 
miscellaneous units. The list of soil units and their symbol 
is given below. 
 
 
Symbol Soil Type Comment 
Ao Orthic Acrisols 
Af Ferric Acrisols 
Ah Humic Acrisols 
Ap Plinthic Acrisols 
Ag Gleyic Acrisols 

Acidic soils with a layer of 
clay accumulation. This class 
consists only of clays with low 
cation exchange capacity. 

Be Eutric Cambisols 
Bd Dystric Cambisols 
Bh Humic Cambisols 
Bg Gleyic Cambisols 
Bx Gelic Cambisols 
Bk Calcic Cambisols 
Bc Chromic Cambisols 
Bv Vertic Cambisols 
Bf Ferralic Cambisols 

Soils with slight profile 
development that is not dark in 
colour. 

Ch Haplic Chernozems Dark soils rich in organic 
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Ck Calcic Chernozems 
Cl Luvic Chernozems 
Cg Glossic Chernozems 

matter. 

De Eutric Podzoluvisols 
Dd Dystric Podzoluvisols 
Dg Gleyic Podzoluvisols 

Soils similar to both Podzols 
and Luvisols. 

E Rendzinas Dark soils rich in organic 
matter over calcareous material 

Fo Orthic Ferralsols 
Fx Xanthic Ferralsols 
Fr Rhodic Ferralsols 
Fh Humic Ferralsols 
Fa Acric Ferralsols 
Fp Plinthic Ferralsols 

Highly weathered soils rich in 
sesquioxide clays and with low 
catio exchange capacities. 

Ge Eutric Gleysols 
Gc Calcaric Gleysols 
Gd Dystric Gleysols 
Gm Mollic Gleysols 
Gh Humic Gleysols 
Gp Plinthic Gleysols 
Gx Gelic Gleysols 

Water saturated salts that are 
not salty. 

Hh Haplic Phaeozems 
Hc Calcaric Phaeozems 
Hl Luvic Phaeozems 
Hg Gleyic Phaeozems 

Dark soils rich in organic 
matter. 

I Lithosols Thin soils over rock. 
Je Eutric Fluvisols 
Jc Calcaric Fluvisols 
Jd Dystric Fluvisols 
Jt Thionic Fluvisols 

Alluvial and floodplain soils 
with little profile development. 

Kh Haplic Kastanozems 
Kk Calcic Kastanozems 
Kl Luvic Kastanozems 

Dark soils rich in organic 
matter. 

Lo Orthic Luvisols 
Lc Chromic Luvisols 
Lk Calcic Luvisols 
Lv Vertic Luvisols 
Lf Ferric Luvisols 
La Albic Luvisols 
Lp Plinthic Luvisols 
Lg Gleyic Luvisols 

Soils with strong accumulation 
of clay in the B-horizon and not 
dark in colour. These soils have 
clays with high cation exchange 
capacity. 

Mo Orthic Greyzems 
Mg Gleyic Greyzems 

Dark soils rich in organic 
matter. 

Ne Eutric Nitosols 
Nd Dystric Nitosols 
Nh Humic Nitosols 

Soils with shiny surfaces on 
structural faces (peds) of the 
soil. 

Oe Eutric Histosols 
Od Dystric Histosols 
Ox Gelic Histosols 

Soils very rich in organic 
matter 

Po Orthic Podzols 
Pl Leptic Podzols 
Pf Ferric Podzols 

Soils with a strongly bleached 
layer and a layer of iron or 
aluminum cemented organic 
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Ph Humic Podzols 
Pp Placic Podzols 
Pg Gleyic Podzols 

matter. 

Qc Cambic Arenosols 
Ql Luvic Arenosols 
Qf Ferralic Arenosols 
Qa Albic Arenosols 

Sandy soils with little profile 
development. 

Re Eutric Regosols 
Rc Calcaric Regosols 
Rd Dystric Regosols 
Rx Gelic Regosols 

Surface layer of rocky material. 

So Orthic Solonetz 
Sm Mollic Solonetz 
Sg Gleyic Solonetz 

Salty soil with a high 
concentration of sodium. 

To Ochric Andosols 
Tm Mollic Andosols 
Th Humic Andosols 
Tv Vitric Andosols 

Dark soils formed from volcanic 
materials with little horizon 
development. 

U Rankers Shallow dark soils rich in 
organic matter and formed from 
siliceous material. 

Vp Pellic Vertisols 
Vc Chromic Vertisols 

Clayey soils that form deep and 
wide cracks when dry. 

We Eutric Planosols 
Wd Dystric Planosols 
Wm Mollic Planosols 
Wh Humic Planosols 
Ws Solodic Planosols 
Wx Gelic Planosols 

Soils with a light coloured 
layer over a soil layer that 
restricts water drainage. 

Xh Haplic Xerosols 
Xk Calcic Xerosols 
Xy Gypsic Xerosols 
Xl Luvic Xerosols 

Aridic soils. 

Yh Haplic Yermosols 
Yk Calcic Yermosols 
Yy Gypsic Yermosols 
Yl Luvic Yermosols 
Yt Takyric Yermosols 

Aridic soils. 

Zo Orthic Solonchaks 
Zm Mollic Solonchaks 
Zt Takyric Solonchaks 
Zg Gleyic Solonchaks 

Salty soils with little horizon 
development. 

RK Rock debris  
DS Dune sand  
ST Salt flat  
WR Inland waters  
GC Glacier  
ND Not determined  
 
Table 5: List of FAO soil types and general characteristics. 
 
(A useful reference for more information on the soil type 
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classes is the FAO Lecture Notes on the Major Soils of the 
World available on the FAO website http://www.fao.org/). 
 
It is useful at this stage to refer to the lookup tables that 
may be found within the ANCIL build at 
/control/parameters/parameters. 
 
IGBP_SOIL_FRAC gives the percentage of each of the 113 basic 
types that are present in each of the FAO soil unit codes. For 
example, code 1 contains 60% Af, 20% Be and 20% I. 
 
Uisng this table, the IGBP soils data is aggregated onto the 
model grid. If the model grid is rotated then this would be a 
unrotated temporary grid that covers the domain of the model 
at the resolution of the model with the proviso that the 
resolution is not less than twice the resolution of the IGBP 
dataset. 
 
Soil parameters do not combine linearly for different soils. 
Therefore, for each model grid box the dominant type is found. 
The values for each of the Van Genuchten parameters are then 
read from a lookup table. There are several lookup tables 
available. (If using IGBP soils to calculate Cosby parameters 
then average clay/silt/sand fractions may be used) 
 
The default from the disk is IGBP_SOIL_PROPERTIES. This gives 
various soil properties at the surface and in the sub-soil. We 
are only interested in the following parameters for the 
surface.  
 
%clay, %silt and %sand are the relative proportions of clay, 
silt and sand expressed as a percentage (note they do not 
necessarily add up to 100%) 
•r is the volumetric water content at the residual point  
(m3.m-3). 
•s is the volumetric water content at the saturation point 
(m3.m-3). 
• (cm-1) and n (dimensionless) are parameters in the Van 
Geunchten equation. 
Ks is the saturated conductivity (cm/day) 
 
Note. Values for DS and ST are not given on the CD-Rom. Niels 
Batjes (pers com) provided values for the percentage of clay, 
silt and sand and the other values have been taken from Qf for 
DS and Zo for ST as the relative proportions of clay, silt 
sand are similar. RK, WR, GC and ND are omitted from the data 
processing. Land ice is set purely using the IGBP vegetation 
data. 
 
A selection of alternative lookup tables may be found in the 
subdirectory Rosetta. 
 
Rosetta is a standalone pedotransfer model used to derive soil 
parameters. Full details may be found at 
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http://www.ars.usda.gov/Services/docs.htm?docid=8953. 
 
The tables called rosetta?.txt (where ? is a number) were 
obtained by running the Rosetta model for various pedotransfer 
functions using the clay/silt/sand fractions given in 
IGBP_SOIL_PROPERTIES. The table called woesten was run for the 
woesten PFT model. (The Rosetta link above only refers to 5 
PFTs, the version we have has several more including the 
woesten model.) 
 
Alternative clay/silt/sand fractions have been obtained from 
the WISE dataset 
(http://www.isric.org/UK/About+Soils/Soil+data/Geographic+data
/Global/WISE5by5minutes.htm) . The Rosetta model was rerun 
using these fractions to produce tables which have _wise in 
their name.  
 
Using the values extracted from whichever lookup table is 
being used, the required parameters are calculated according 
to the following equations. 
 
The Van Genuchten equation is 
 

( )
( )( )1
s r

r mn

θ θ
θ θ

αψ

−
= +

+
 

 
Where • is the volumetric soil moisture, subscripts s and r 
are as defined above, • is the matrix water potential (Pa), • 
and n are Van Genuchten parameters defined in the table above 
and 
 

11m
n

= −  

 
It is assumed that the residual soil moisture can never be 
extracted and therefore the UM quantities are calculated thus 
 

s s rχ θ θ= −  
 

( )
( )( )1 100

s r
c r mn

c

θ θ
χ θ

αψ

−
− =

+
 

 
( )
( )( )1 100

s r
w r mn

w

θ θ
χ θ

αψ

−
− =

+
 

 
Where •c is 33000Pa and •w is 1500000Pa (and is divided by •g 
where • is the density of water for insertion into the above 
equations. The denominator is always positive. (Note that 
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these values are the same as used for calculating the Clapp 
Hornberger parameters). 
 
The method suggested on the IGBP CD to calculate the two soil 
thermal fields does not appear to work. Therefore, 
alternatives have been made available. 
 
The default is to use the fields calculated using WHS data 
using the Cosby method explained above. However, this means 
that the thermal fields will be at a much lower resolution 
than the other parameters and not be consistent with the 
hydrological parameters and therefore is not recommended. 
 
Peters-Lidard et al (1998) suggest the following equation for 
soil thermal conductivity 
 

 
0.135 64.7
2700 0.947s

γλ
γ

+=
−

 

 
where • is the soil dry density (kgm-3). This may either be 
read directly from the lookup table (recommended) or 
calculated from the porosity. 
 
 ( )1 *2700sγ χ= −  

 
 
 
The soil heat capacity is calculated as 
 
 ( )1 *1.942 6s sC eχ= −  

 
However, Lu et al (2007) suggest that Peters-Lidard thermal 
cnductivity value for soils with high porosity may be too low 
and suggest a simple linear relationship to porosity. 
 
 0.56 0.51s sλ χ= − +  
 
The recommended method is the Lu et al method for thermal 
conductivity and the Peters-Lidard method for heat capacity. 
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Soil Dust Dataset 

This dataset is only produced if IGBP has been chosen as the 
source of the vegetation data.  It is used only by the soil 
dust parametrisation scheme and may be discarded if not 
required. Soil heterogeneity is less of an issue and therefore 
average clay/silt/sand fractions may be used. 

The dataset contains 9 fields: 

 
Field PP STASH 
Dust parent soil clay fraction 1630 418 
Dust parent soil silt fraction 1631 419 
Dust parent soil sand fraction 1632 420 
Dust soil mass fraction division 1 1633 421 
Dust soil mass fraction division 2 1633 422 
Dust soil mass fraction division 3 1633 423 
Dust soil mass fraction division 4 1633 424 
Dust soil mass fraction division 5 1633 425 
Dust soil mass fraction division 6 1633 426 

The clay, silt and sand fractions are as calculated in the 
course of calculating the physical hydrological and thermal 
properties of the soil described in the previous section. 

The remaining fields are fractions of each of 6 soil size 
divisions.  Further details on the soil dust scheme may be 
found in Woodward (2001). 
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Vegetation type dependent fields. 
 
There are three datasets describing the properties of the 
vegetation cover.   
 
The functional type datasets contains the following fields 
 
Field PP STASH 
LAI of functional type broadleaf trees 1392 217 
LAI of functional type needleleaf trees 1392 217 
LAI of functional type C3 grass 1392 217 
LAI of functional type C4 grass 1392 217 
LAI of functional type shrub 1392 217 
Ch of functional type broadleaf trees 1393 218 
Ch of functional type needleleaf trees 1393 218 
Ch of functional type C3 grass 1393 218 
Ch of functional type C4 grass 1393 218 
Ch of functional type shrub 1393 218 
 
pseudo-levels are used to differentiate between the different 
functional types. 
 
The fractional dataset contains fractions of each of nine 
surface types. 
 
Field PP STASH 
fraction of broadleaf trees 1391 216 
fraction of needleleaf trees 1391 216 
fraction of C3 grass 1391 216 
fraction of C4 grass 1391 216 
fraction of shrub 1391 216 
fraction of urban 1391 216 
fraction of water 1391 216 
fraction of soil 1391 216 
fraction of ice 1391 216 
 
pseudo-levels are used to differentiate between the different 
surface types. 
 
The disturbed vegetation dataset contains the fraction of 
vegetation that is subject to anthropogenic disturbance. 
 
Field PP STASH 
fraction of vegetation subject to disturbance 1394 219 
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Vegetation type is determined using data from the International 
Geosphere and Biosphere Programme (IGBP) 
(http://edcdaac/usgs.gov/glcc/globe_int.html).  The dataset being used 
is version 2 on the geographical latitude-longitude projection. 
 
The dataset has been derived from AVHRR data covering the 
period April 1992 to March 1993 and provided at 30 arc-second 
(~1km) resolution. The data have been classified using various 
legends and we are using the legend of the IGBP which consists 
of 17 classes defined in table 9. 
 
Evergreen needleleaf forest 
Evergreen broadleaf forest 
Deciduous needleleaf forest 
Deciduous broadleaf forest 
Mixed forest 
Closed shrublands 
Open shrublands 
Woody savannas 
Savannas 
Grasslands 
Permanent wetlands 
Croplands 
Urban and built-up 
Cropland/natural vegetation mosaic 
Snow and ice 
Barren or sparsely vegetated 
Water bodies 
 
Table 11: List of the 17 IGBP land types 
 
It can be seen that the IGBP dataset does not distinguish 
between inland waters and the open sea.  Therefore, we have 
introduced an additional class of open sea and used the 
dataset created using the Biosphere Atmosphere Transfer Scheme 
(BATS) legend which does distinguish inland water from ocean 
to define these points. 
 
The IGBP data is aggregated onto the model grid (see UMDP 73) 
for details of methods available) and the fraction of each of 
the 18 IGBP classes present found. 
 
Not every point on the IGBP grid has been defined a class and 
thus the final totals are adjusted to remove any areas of 
missing data.  Also, classes that consist of less than 1% of 
the grid box are eliminated and the area allocated to other 
classes. 
 
Land ice may only be 0 or 100%.  Therefore, grid boxes that 
have more than a prescribed threshold (normally 50%) of land 
ice are set to be entirely of land ice. In grid boxes that 
contained some land ice but below the threshold value, the 
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land ice is eliminated and the area proportionally added to 
all the other classes within the grid box.   
The fraction totals of the 9 MOSES surface types are then 
calculated by mapping the IGBP classes to the MOSES surface 
types using the values given in table 10.  Open sea is 
ignored. 
 
 MOSES surface types 
IGBP class Broadleaf Needleleaf C3 

Grass 
C4 
Grass 

Shrub Urban Water Bare 
soil 

Ice 

Evergreen 
needleleaf 

0.0 70.0 20.0 0.0 0 0.0 0.0 10.0 0.0 

Evergreen 
broadleaf 

85.0 0.0 0.0 10.0 0.0 0.0 0.0 5.0 0.0 

Deciduous 
needleleaf 

0.0 65.0 25.0 0.0 0.0 0.0 0.0 10.0 0.0 

Deciduous 
broadleaf 

60.0 0.0 5.0 10.0 5.0 0.0 0.0 20.0 0.0 

Mixed  
forest 

35.0 35.0 20.0 0.0 0.0 0.0 0.0 10.0 0.0 

Close  
shrub 

0.0 0.0 25.0 0.0 60.0 0.0 0.0 15.0 0.0 

Open  
shrub 

0.0 0.0 5.0 10.0 35.0 0.0 0.0 50.0 0.0 

Woody 
savanna 

50.0 0.0 15.0 0.0 25.0 0.0 0.0 10.0 0.0 

Savanna 20.0 0.0 0.0 75.0 0.0 0.0 0.0 5.0 0.0 
Grassland 0.0 0.0 66.0 15.7 4.9 0.0 0.0 13.5 0.0 
Permanent 
wetland 

0.0 0.0 80.0 0.0 0.0 0.0 20.0 0.0 0.0 

Cropland 0.0 0.0 75.0 5.0 0.0 0.0 0.0 20.0 0.0 
Urban 
 

0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 

Cropland/ 
natural 
mosaic 

5.0 5.0 55.0 15.0 10.0 0.0 0.0 10.0 0.0 

Snow and 
ice 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 

Barren 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 
Inland 
water 

0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 

 
Table 12: Mapping of IGBP classes to surface types used in 
MOSES.  The surface types in italics are also plant functional 
types. 
 
A final check is made to ensure that all model grid points 
have been assigned at least one class, the minimum permitted 
is 100% bare soil and that the sum of the constituent 
fractions is 100%. 
 
The leaf area index for each of the plant function types is 
then calculated as follows. 
 
First, the leaf area index is calculated for each IGBP class. 
 

j j ij
j

LAI f α=∑  
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where LAI is leaf area index for IGBP class j.  • is the 
fraction of PFT i in IGBP class j as given in table 10 and fj 
is the fraction of IGBP class j in the grid box. 
 
Then, the leaf area index for each PFT i is calculated using, 
 

 
1 ( . )i j ij

ji

LAI LAI LAI
f

= ∑  

 
Where fi is the fraction of PFT i and LAIij is given by the 
matrix in table 11.  If fi is zero, then LAIi is set to the 
minimum leaf area index value for that plant functional type. 
  
 MOSES Plant Functional Types 
IGBP 
class 

Broadleaf Needleleaf C3 grass C4 grass Shrub 

Evergreen 
needleleaf 

not 
defined 

6.0 2.0 not 
defined 

not 
defined 

Evergreen 
broadleaf 

9.0 not 
defined 

2.0 4.0 not 
defined 

Deciduous 
needleleaf 

not 
defined 

4.0 2.0 not 
defined 

not 
defined 

Deciduous 
broadleaf 

5.0 not 
defined 

2.0 4.0 3.0 

Mixed  
Forest 

5.0 6.0 2.0 not 
defined 

3.0 

Close  
shrub 

not 
defined 

not 
defined 

2.0 not 
defined 

3.0 

Open  
shrub 

5.0 not 
defined 

2.0 4.0 2.0 

Woody 
savanna 

9.0 not 
defined 

4.0 not 
defined 

2.0 

Savanna 9.0 not 
defined 

not 
defined 

4.0 not 
defined 

Grassland not 
defined 

not 
defined 

3.0 4.0 3.0 

Permanent 
wetland 

9.0 not 
defined 

3.0 not 
defined 

3.0 

Cropland 5.0 not 
defined 

5.0 4.03 3.0 

Urban 
 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

Cropland/ 
natural 
mosaic 

5.0 6.0 4.0 4.0 3.0 

Snow and 
ice 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

Barren not 
defined 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

Inland 
water 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

not 
defined 

 
Table 13. Values of leaf area index of each MOSES plant 
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functional types for each IGBP class. Note that a leaf area 
index value is not defined for every IGBP class and these are 
therefore excluded from the summations described above. 
 
 
 The canopy height, Ch, is calculated according to 
 

23
H FC H LAI=  

 
where HF is a height factor for each plant functional type 
given in table 12. 
 
 MOSES Plant Functional types 
 broadleaf needleleaf C3 grass C4 grass shrub 
HF 6.5 6.5 0.5 0.5 1.0 
 
Table 14. Factors for calculating canopy height from leaf area 
index values for each PFT. 
 
Seasonal MODIS LAI Values 
 
As an alternative to the fixed LAI values MODIS LAI values for 
each of the PFTs for each month may be used to create a 
seasonal varying data.  
 
Land Sea Mask 
 
In addition to calculating vegetation distribution, the IGBP 
dataset may also be used to calculate a land sea mask.  
Indeed, it is intended that the IGBP dataset will replace the 
US Navy fractional land dataset for new configurations as they 
are introduced. 
 
The IGBP grid boxes are mapped onto the model grid boxes as 
before but instead of calculating the fractions of individual 
vegetation types, the total fraction of all non-water types is 
calculated.  It may in some instances be required to count 
inland water as a land type, as opposed to open sea, and this 
is possible. 
 
The fractional land field that has been created is then used 
to define the land sea mask using some threshold, normally 
50%.  As with using the Navy dataset, it is also possible to 
perform manual edits to the mask but the fractional land field 
will not be altered to take into account any changes made. 
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Ozone 
PP code 453  STASH code 60 
 
The climatology used is that created by Shine and Li (1995).  
This used data from the SBUV (Solar Backscatter UltraViolet 
instrument) supplemented by data from other satellite 
instrumentation. 
 
Data is supplied at 2.5°x2.5° resolution and extends from ground 
to 0.0001mb on 47 levels.  The original data was monthly 
between January 1985 and December 1989 and from this mean 
values for each calendar month were calculated by averaging 
across the five years.  The original data is in Dobson units 
but for use in the UM it is converted to mixing ratio.  The 
vertical interpolation is performed, to ξh levels, in such a way 
as to conserve the total ozone in the column. 
 
The vertical distribution is performed on pressure levels.  To 
facilitate this, the model eta_theta values are converted to 
pressure levels using the ICAO standard atmosphere as detailed 
in The Meteorological Glossary (1991). 
 
In practice, a zonal mean on all levels is used for global 
grids.  For mesoscale models, data on full fields is used but 
often only for the levels below which the ozone concentration 
is fairly uniform. 

 

Atmospheric Aerosols 
 
Total Aerosol Concentration PP ocde 286 STASH code 90 
Total Aerosol Emissions     PP code 287 STAHS code 57 
 
These fields are only used for the UK and Balkans mesoscale 
models and data from a variety of sources have been used.  
There are a mixture of sources for atmospheric aerosols, low 
level and high level and sulphur and non-sulphur and all these 
need to be considered. 
 
For the UK, the Warren Spring Laboratory (WSL) of sulphur 
dioxide emissions has been used.  The data is for the year 
1991.  The data are in two forms; point sources such as 
chimneys and therefore assumed to be high level and area 
averages which are assumed to be low level.  The area averages 
are on a 10km national coordinate grid. 
 
Outside the UK, data from the EMWP inventory is used.  This 
data is on a 150x150km polar stereographic grid and combines 
both low and high level sources. 
 
The procedure for combining the various datasets to create a 
dataset for use in the model is as follows. 
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First of all non-sulphur sources are assigned to the lowest 
model level.  These are arbitrarily set to be 30 tonnes SO2/year 
for land points and 10 tonnes SO2/year for sea points. 
 
Then WSL area sources are interpolated from the source grid to 
the model grid which has been converted to national 
coordinates.  The interpolated data is scaled so that the mean 
is conserved, to allow for interpolation errors, and for the 
ratio in area between the source and model grid boxes. 
 
The WSL point sources are used to set emissions in model levels 
above the lowest level.  The height of the emission source is 
multiplied by 1.5 to take into plume rise and then the model 
layer in which it lies is calculated. The emission is then 
added to the nearest model grid point on that level. 
 
The EMEP data are then interpolated from the source polar 
stereographic grid to the model grid. 
 
The final emission source field for model level one is found by 
adding the non-sulphur sources to the WSL area source if 
present otherwise to the EMEP source. 
 
Once the emission source field has been created then it is 
possible to calculate an initial total aerosols field.  This is 
done by applying a recursive filter to the emissions field and 
then distributing the filtered field through the atmosphere. 
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Appendix A 
 
Thi s appendi x pr ovi des not es on an er r or  i n t he cal cul at i on of  
t he soi l  pr oper t i es f r om WHS dat a f or  t he Cl app- Hor nber ger  soi l  
hydr ol ogy scheme.  
 
The i nf or mat i on gi ven i n t he t ext  i s what  has been used si nce 
MOSES1 was f i r st  i mpl ement ed ( c.  1994) .  However ,  r ecent  wor k by 
Dhar ssi  ( per s com)  has di scover ed t hat  t hi s pr ocessi ng may be 
i ncor r ect .  
 
The pr obl em or i gi nat es f r om t he f act  t hat  i n t hei r  paper ,  Cosby 
use ‘ l og’  wi t hout  speci f y i ng what  base i s used.  Now,  t he usual  
convent i on i s t hat  l og assumes l og t o t he base 10 but  i n t he 
pr ocessi ng f or  MOSES1 l og t o t he base e has been assumed.  
( Nor mal  convent i on i s t o use Ln i n t hi s case) .  
 
I f  l og t o t he base 10 i s assumed t hen t he expr essi on f or  SATHH 
becomes 
 
SATHH = 0. 01 x 10( 2. 17 – 1. 58Fs – 0. 63Fc)  

 
Thi s change t hen al so changes t he val ues cal cul at ed f or  t he 
wi l t i ng poi nt  and t e cr i t i cal  poi nt .  
 
Assumi ng a l og t o t he base 10 al so changes t he expr essi on used 
f or  t he cal cul at i on of  t he sat ur at ed hydr aul i c conduct i v i t y.  
 
The f or mul a gi ven by Cosby et  al  i s 
 
 log 0.60 0.64 1.26c

s c sK F F= − − +  
 
wher e c

sK  has uni t s of  i nches per  hour .  
 
I n t he UM,  t he sat ur at ed conduct i v i t y  ( Ks)  has uni t s  of  kgm- 2s - 1,  
equi val ent  t o mm s - 1.  To conver t  bet ween t he t wo uni t s we can 
use 
 

 
( )

2.15 4.9525.4 10
60*60

c c c
s s s sK K K e K− −= = =  

( 25. 4 i s t he number  of  mi l l i met r es i n an i nch,  60* 60 i s t he 
number  of  seconds i n an hour )  
 
Assumi ng nat ur al  l ogar i t hm t hen we obt ai n t he equat i on 
cur r ent l y  used 
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( )5.55 0.64 1.26c sF F

sK e
− − +=  

 
However ,  usi ng l ogs t o t he basse 10 we obt ai n 
 

 
( )2.75 0.64 1.2610 c sF F

sK
− − +=  

 
 
Val ues cal cul at ed usi ng t he t wo set s of  equat i ons have been 
compar ed agai nst  soi l  pr oper t i es used by ot her  cent r es and 
t hi s  suggest s t hat  t he val ues cal cul at ed usi ng l ogs t o t he 
base 10 ar e t he cor r ect  ones.  
 
A wor d of  caut i on however ,  do not  st ar t  us i ng t he ‘ cor r ect ’  
val ues i n t he UM wi t hout  f i r s t  conduct i ng a f ul l  assessment  of  
t he i mpact .
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Locat i on of  dat aset s.  
 
Dat aset s f or  st andar d UM conf i gur at i ons ar e hel d cent r al l y but  
i t  i s al so possi bl e t o cr eat e dat aset s f or  any desi r ed 
r esol ut i on by usi ng t he f aci l i t i es descr i bed i n UMDP 73.  
 

General Notes: 
 
The dat aset s ar e i n anci l l ar y f i l e f or mat  as descr i bed i n UMDP 
F3.   The cont r ol  r out i nes f or  anci l l ar y f i el ds ar e descr i bed i n 
UMDP C7.  Al l  t he dat aset s t hat  ar e packed as 32 bi t  met hod 
except  f or  WHS t ypes and l and sea masks and t hey ar e al so 
wr i t t en t o be ‘ wel l - f or med’  ( even t hough t he SX6/ 8 has no 
concept  of  wel l  f or med f i l es,  t he UM I / O r out i nes wi l l  f ai l  i f  
t he dat aset  i s not  wr i t t en as such) .   The UM ut i l i t i es 
descr i bed i n UMDP F5 such as pumf  can be used t o exami ne t he 
cont ent s of  an anci l l ar y f i l e.   

Directory Structure 
 
The cent r al l y hel d dat aset s ar e al l  st or ed under  t he di r ect or y 
st r uct ur e  
 
$UMDI R/ vn$VN/ anci l / SUBMODEL_TYPE/ RESOLUTI ON 
 
wher e 
$UMDI R i s t he uni f i ed model  pat h var i abl e  
 
$VN i s t he uni f i ed model  ver si on pat h var i abl e ( eg 5. 1)  
 
SUBMODEL_TYPE i s ei t her  atmos f or  t he at mospher i c model ,  ocean 
f or  t he ocean model  or  slab f or  t he sl ab model .  
 
RESOLUTI ON i s t he r esol ut i on i ndi cat or .   Met  Of f i ce user s 
shoul d check t he Uni f i ed Model  di r ect or y or  Met net  f or  det ai l s 
of  t he l at est  dat aset s.   
 
Wi t hi n each di r ect or y ( 6. 4 onwar ds)  i s Rel eased_Not es f i l e 
whi ch shoul d be consul t ed f or  det ai l s of  t he dat aset s t hat  t he 
di r ect or y cont ai ns.  
 
 

File Naming Conventions 
 
Fi l es have names of  t he f or m 
 
qr [ TYPE] . [ CONTENTS] _[ SUFFI X}  
 
wher e 
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[ TYPE]  i s ei t her :  
cl i m f or  t i me var yi ng cl i mat ol ogi cal  f i el ds 
par m f or  non- t i me var yi ng par amet er s 
m[ MMM]  f or  si ngl e mont h/ seasonal  f i el ds.   I n t hi s case [ MMM]  
denot es t he mont h or  season f or  whi ch dat a i s val i d,  eg j un,  
j f m.  
 
[ CONTENTS}  descr i bes t he cont ent s of  t he dat aset  
 
[ SUFFI X]  i s used when al t er nat i ve ver si ons of  dat aset s ar e 
avai l abl e or  when i t  i s not  possi bl e t o di st i ngui sh dat aset s 
ot her wi se.   Of t en i t  i s used t o denot e a devel opment  dat aset  
but  i f  at  t he t i me of  t he next  UM r el ease i t  i s t o be t he mai n 
dat aset ,  t hen t he SUFFI X par amet er  woul d be dr opped.   I n t hi s 
i nst ance,  t he pr evi ous dat aset s may be r et ai ned wi t h a SUFFI X 
of  ‘ ol d’ .    
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