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Abstract

A global data set of land surface parameters is provided for the climate model ECHAM
developed at the Max-Planck-Institut fiir Meteorologie in Hamburg. These parameters
are: background (surface) albedo «, surface roughness length zo,, leaf area index LAI,
fractional vegetation cover or vegetation ratio c,, and forest ratio cp. The global set
of surface parameters is constructed by allocating parameters to major ecosystem com-
plexes of Olson et al. (1983). The global distribution of ecosystem complexes 1s given
at a resolution of 0.5° x 0.5°. The latter data are compatible with the vegetation types
used in the BIOME model of Prentice et al. (1992) which is a potential candidate of an

interactive submodel within a comprehensive model of the climate system.



1 Introduction

Numerical models of the atmosphere need land-surface parameters which are implicit
in the parameterization of energy and momentum fluxes at the atmosphere - ground
interface. In the climate model ECHAM, developed at the Max-Planck-Institut far
Meteorologie in Hamburg, these parameters are the background albedo « (albedo of
snow-free land surfaces), the surface roughness length zg,, the leaf area index LAI, the
fractional vegetation cover or vegetation ratio ¢,, and the forest ratio ¢y which is used
to compute the albedo of snow-covered forested areas. (The model physics of ECHAM
as well as its validation is described in detail by Roeckner et al. (1992).)

In earlier versions of ECHAM (level 1, 2, 3), ¢, is inferred from data of Wilson and
Henderson-Sellers (1985), and « is derived from satellite data of Geleyn and Preuf§
(1983). zg, is taken from Baumgartner et al. (1977), and cp is prescribed using data of
Matthews (1984). LAI is a global constant LAI = 4. As a new version of ECHAM (level
4) is implemented, we decided to provide a new data set of land-surface parameters.

The construction of this data set has been guided by the following considerations.

It has been realized that modeling the climate system requires to set up a model sys-
tem in which the various models of climate subsystems, atmosphere, ocean, and bio-
sphere, are interactively coupled. The interaction between atmosphere and ocean has
quite intensively been studied during the last few years (e.g. Cubasch et al. 1992).
However, less attention has been paid to the interactive integration of biosphere and
atmosphere although the sensitivity of climate simulations to changes in vegetation
patterns is well documented (e.g. Mintz, 1984). As a first attempt, Henderson-Sellers
(1993) has combined the Holdrige vegetation scheme and the NCAR community climate
model. Claussen (1994) has coupled the more advanced BIOME model of Prentice et al.
(1992) with ECHAM. (The current version of the BIOME model is a static, equilibrium-
response model; a global model of vegetation dynamics is not expected to be operational
within near future.) Consequently, we decided to construct the new global data set of
land-surface parameters by consistenly allocating all parameters to one data set of vege-
tation. We have chosen the data set of major ecosystem complexes of Olson et al. (1983),
because this data set is compatible with the vegetation types used in the BIOME model

which, as just mentioned, is a potential candidate of an interactive submodel within a
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comprehensive model of the climate system.

This rather technical note summarizes the new data set of land-surface parameters and

reviews the rationale of constructing it.

2 Surface albedo

The background albedo « over snow-free land surfaces is calculated on the basis of three
data sets:

- Clear—sky radiances at the top of the atmosphere analysed for one year (Feb. 1985
Jan.1986) of satellite data of the “Earth Radiation Budget Experiment” (ERBE;
Ramanathan et al., 1989). The spatial resolution is 2.5° x 2.5°.

- Surface albedo for vegetated areas allocated to a high-resolution 0.5° x 0.5° global
distribution of major ecosystem complexes of Olson et al. (1983) - see Section 2.2.

- Surface albedo as deduced by Dormann and Sellers (1989) from a radiative transfer
model on the basis of vegetation data such as leaf area index and leaf optical

properties.
2.1 Satellite-derived surface albedo

In order to derive the surface albedo from the ERBE clear-sky fluxes at the top of
the atmosphere an atmospheric correction has to be applied. The procedure involves a
climate simulation over the respective period (using observed sea surface temperatures
specified for each month) performed with the ECHAM3/T42 model (Roeckner ¢t al.,
1992). In this approach we assume that the differences between the simulated and the
observed clear—sky albedo at the top of the atmosphere (TOA) are caused merely by the
inadequate surface albedo specified in the model simulation (Geleyn and Preu8, 1983).
This assumption seems to be justified, because the surface albedo is by far the most
important contributor to the planetary clear—sky albedo. A practical problem, however,
is the identification of clear—sky scenes from the ERBE measurements which is difficult

(sometimes impossible) in areas with persistent cloudiness.
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The procedure involves the following steps where all fluxes represent annual averages.

2.1.1 Solar constant adjustment

Since the solar constants used in ERBE and ECHAM are not identical, the reflected
solar radiation measured by ERBE has been adjusted according to the solar irradiance

SH(M) used in the ECHAM model.
SUE)* = ao(E) - SH(M) (1)

where (E) refers to ERBE and (M) to the ECHAM model. ST(E)* is the corrected
upward directed solar flux which would be identical to the measured flux ST(E) if the

irradiances would be the same (S'{(M) = SYE)), and «, is the planetary clear-sky
albedo. The model error at TOA,

651 = 1) - S'(EY 2)
is used to correct the simulated flux reflected at the surface,
SI(M)* = S1(M) — 887 (3)

where the subscript “s” denotes the respective flux at the surface, so that the ERBE-

derived surface albedo is given as

_sjay S'(E) - si)
CoskMy o Sk

(4)

oF
where SI(M) = ST(M) - SI(M) is the atmospheric correction.

2.1.2 Cloud correction

Although the method outlined above is based on clear—sky fluxes, a correct identifi-
cation of the clear—sky scenes is not always possible (Ramanathan et al., 1989). The
above analysis leads to poor results over the tropical rainforests (ag > 0.20), which are
characterized by large cloud cover, primarily during the day. In these areas we there-
fore replace the estimate Eq.4 by a value of 0.12 which is typical for tropical rainforests

throughout the year (Dormann and Sellers, 1989, Gash and Shuttleworth, 1991).
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2.1.3 Snow correction

If the ERBE data or the model simulation suggest a snow cover during a particular
month at a particular grid point, the respective surface flux is rejected, and the time
averaging is done only over the snow—free period. In areas with persistent snow cover
throughout the year, a surface albedo of 0.17 is specified which is close to the annual

mean value for tundra (Dormann and Sellers, 1989).

2.2 Albedo of vegetated surfaces

For estimating the albedo «, of purely vegetated surfaces, we basically follow the ap-
proach outlined by Henderson-Sellers et al. (1986). Henderson-Sellers et al. (1986)
redefine the major ecosytem complexes ¢ of Olson et al. (1983) as proportions f;; of
13 simple surface types j - see Table 2. (in Table 2, f;; is given in per cent.) For the
reader’s convenience, the original notation of ecosytem complexes in Olson et al. (1983)
and the abreviated notation used in this report are given in Table 1. In Table 3, the

simple surface types are defined.

In Henderson-Sellers et al. (1986), the surface albedo «;, including albedo of bare soil

and vegetation, is given by

® =Y fijoe (5)
J

where ayj is the average annual albedo of the simple surface type j. We deviate from

this original approach in several aspects.

We compute «,;, the albedo just due to vegetation, by

X fijes;

Qy; =
v 1—fzb ]

(6)

where
fiv = fin + firs

1s the proportion of desert and bare soil assigned to the ecosystem complex :. Eq.6
is not applied to Sand Desert and Polar Desert for which f;; = 1. In these cases, we
specify a,; of semi desert and tundra, respectively, as dummy values. For Lakes, we
also provide a dummy value of a,; = 0.07 as the albedo of water surface is computed

as function of solar zenith angle in ECHAM.
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The albedo a,; of simple surface types is listed in Table 3. Only for simple surface
types 3, 4, 7, 9, 11, we use the original specification of Henderson-Sellers et al. (1986).
For 10, cultivation, we use a value which is closer to the average of albedo values for
several explicitly defined types of cultivation given in Wilson and Henderson-Sellers
(1985). Likewise, for 12, semidesert, we use a value which is closer to Wilson and
Henderson-Sellers (1985) specification. For 2, 5, 6, tundra, grassland with tree cover,
deciduous forest, we use more recent estimates of Dorman and Sellers (1989). For 8, rain
forest, we refer to recent measurements of Gash and Shuttleworth (1991). No values are
assigned to 1 and 13, desert and bare soil, because the information of bare soil should
be incorporated by using the ERBE data - see next Section 2.3. (Here, we consider

desert as vegetationless desert in contrast to semidesert.)

The resulting values of «a,; are listed in Table 7. In the following, the index ¢ will be

droped.

2.3 Blended surface albedo

Finally, the surface albedo « is a blend of a,, and ag,
a=cy-ay+(l—cy) ag (7)

where ¢, is the fractional vegetation cover or vegetation ratio. Specification of ¢, will

be discussed in Section 5.

The distribution of surface albedo according to Eq.7 is shown in Figure 1, and in Figure

2, the albedo originally used in ECHAM.

Considering the many uncertainties involved in the procedure outlined, we have not
attempted to calculate a seasonal cycle of the surface albedo. The annual mean albedo
according to Eq.7 is available at five resolutions (T21, T42, T63, T106, i.e. 5.625° X
5.625°, 2.8125° x 2.8125°, 1.875° x 1.875°, and 1.125° x 1.125°, respectively, and 0.5° x
0.5°). We have to mention, however, that the contribution from the satellite data is
interpolated in each case from the relatively coarse ERBE grid of 2.5° x 2.5° which is
similar to T42 resolution. Consequently, the satellite information is about the same for

T42, T63 and T106 resolution.



3 Vegetation roughness

Momentum and energy fluxes at the atmosphere - ground interface in ECHAM are
controled by a roughness length zo. zp consists of three parts: a roughness length z,.,
computed from the variance of orography, a roughness length z,,; of urban areas with
tall buildings, and zg,, a roughness length of vegetation and land use apart from urban

areas. According to Tibaldi and Geleyn (1981), 2o = /22, + 22, + #%,. Originally,

20v was taken from Baumgartner et al. (1977) who provided estimates at a resolution
of 5° x 5°. Here, we attempt to establish a new global data set of zp, at a much finer

resolution.

For estimation of zq,, we follow the approach of Henderson-Sellers et al. (1986). As
outlined in Section 2.2, the major ecosystem complexes of Olson et al. (1983) are rede-
fined as 13 simple surface types (see Table 2). Subsequently, we assign values zgq; to
each simple surface type j. However, in contrast to Henderson-Sellers et al. (1986), we
include more recent results by Wieringa (1991, 1992). Wieringa (1991, 1992) provides a
comprehensive review of several hundred papers on measurements of roughness length,
and he carefully selects only the best measurements which fullfill certain qualitiy stan-
dards. We allocate Wieringa’s (1991) update of the original Davenport classification of
roughness to Henderson-Sellers’ et al. (1986) simple surface types (see Table 4). Subse-
quently, we average roughness lengths following the so-called concept of blending height
(e.g. Wieringa, 1986, Mason, 1988, Claussen, 1991). Not zy,; values, but drag coeffi-
cients cg; = (k/In(zp/2055))? are averaged, where cq are taken at the so-called blending
height zy. This leads to
1 -
(=) 2\ ECZL) | )
Zowi J 208§

Here, we choose z; ~ 100m as an order-of-magnitude guess (e.g. Claussen, 1990,
Wieringa, 1992). Exceptions from this rule are estimates for Antarctica, Sand Desert
and Polar Desert, where we directly, without averaging over simple surface types, pre-
scribe zgp; = 0.00lm which is a value in between Wieringa’s (1992) suggestions for
“Hat desert” and “flat snow field” on the smooth side and “rough ice field” and “fallow
ground” on the rough side. Results are shown in Table 7. In the following, the index @

in zgy; is droped.



The new zg, are listed in Table 7. These values are compared with the original ones by
Baumgartner et al. (1977) in Figures 8 and 4, respectively. It turns out that both global
distributions of zp, agree by and large. There are rough regions as the rain forests in
the Amazon Basin, in the Congo Basin, and in Indonesia. Also, a rough belt is seen in
the Northern Hemisphere due to boreal forests. Generally, Baumgartner’s et al. values
seem to be a little bit larger than the new zg,. In fact, that could have been anticipated,
because Baumgartner’s et al. regression formula by which zg, is related to the height

of vegetation becomes unrealistically large at zp, > 0.1m (Wieringa, 1992).

First sensitivity tests reveal that use of the new zg, instead of Baumgartner’s et al.
values marginally affects climate simulations at coarse resolution (T42). That is no
surprise because both distributions of roughness length are similar, and, by comparison
with 2or and zyrp, 20, 18 the smallest contribution to the overall zy. The new and old

global patterns of zy are given in Figure 5 and 6, respectively.

4 Forest ratio

In the earlier versions of ECHAM, a forest ratio cp is specified from the vegetation data
of Matthews (1984). These data indicate whether there is a forest or not. Here, we
attempt to improve on this information by using Olson’s et al. (1983) description of
forests. Olson et al. (1983) distinguish four major categories of ecosystem complexes:
forest and woodland, interrupted woods, nonwoods, and wetland. The first landscape
complex is considered to be covered by more than 60% forest area, while “nonwoods”

include less than 20% forest area.

Moreover, we specify a forest ratio cp which is consistent with the vegetation ratio
¢y (see next Section 5). We require that ¢y < ¢,. This relation should be valid for
evergreen plants throughout the year, and for deciduous plants, during summer. In
winter, ¢, could become smaller than ¢y for the following reason. cp just indicates
the fractional cover of trees regardless whether they are physiologically active not. cp

is used to modify the albedo of snow covered forests. In contrast, ¢, indicates the

8



fractional cover of live plants which are able to modify evaporation by their stomata.

For ecosystem complexes which are in the category “forest and woodland”, we have
chosen 0.6 < c¢r < 1.0. In particular, Broadleaved Evergreen, Warm Conifer, Rain
Forest are assumed to be closed forest with cgp = 0.95. For Cool Conifer and Warm
Deciduous, which are closed forest, cp = 0.9 and ¢p = 0.85, respectively, to obey the
rule ¢cp < ¢,. Tropical Seasonal is described as to favor burning and farm patches,
hence we specify cr = 0.9 assuming that farm patches are small. Otherwise, the areas
in question would have been assigned to man-used forest/field complexes. Cool Mixed
and Warm Mixed are described as closed to open hardwood, therefore, ¢y = 0.8. Main
and Southern Taiga are considered to be disturbed in large areas by fires, pests, and
harvest, hence, cp = 0.8. For Tropical Dry, cp = 0.6 is assumed, because it is described

as transitional to savannas, which is referred to as interrupted woods for which ¢g < 0.6.

For Tropical Montane, we assume crp = 0.5, and for Savanna, Northern Taiga, Low
Shrub, Succulent, and Mediterranean Types, cr = 0.4. The latter differentation should
reflect Olson’s et al. (1983) description of Savanna as “trees and shrubs scattered in
grassy undercover”, Northern Taiga as “stunted and open boreal conifer”, and the latter

three as “woods / scrub / grass complexes”

For forest /field complexes, Olson et al. (1983) assume 60%-40% of nonwoods vegetation,
for field/woods, 80%-60%, and for “Nonwoods”, 100%-80%. Accordingly, we specified
for Cool and Warm Field/Woods cp = 0.3, and Cool and Warm Woods/Fields, cp = 0.5.
In the (“nonwood”) category of grass and shrub complexes, Wooded Tundra is described
to favor existence of some dwarfed trees, hence we assume ¢y = 0.2 for this tundra type.
In the category of major wetlands, we assume that for Mangroves cp = 0.9, because
this generally dense forest is described as being modified by natural shore widening or

erosion in some places.

The new values of ¢ are listed in Table 7. Their global distribution is plotted in Figure
7. The old cp distribution is given in Figure 8. It is seen that both maps (Figure 7
and 8) reveal a similar structure. They show dense forests in the Amazon Basin, in
the Congo Basin, in Indonesia, in Siberia, and in North America/Canada. Striking
differences are detectable for Europe, China and India which are considered densely

forested in the old data set and only moderately, in the new data set. This is rather
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surprising because the cultivation intensity as given by Matthews (1984) - from which

the former values of cr are deduced - is large in these areas.

5 Vegetation ratio and leaf area index

Allocation of vegetation ratio ¢, and leaf area index LAI to vegetation types or ecosys-
tem complexes is just an ad-hoc attempt because both are rather poorly correlated
(Esser, Univ. Gieflen, personal communication). It seems more reasonable to infer LAT
and ¢, from data of net primary production (npp) of vegetation. The latter could be
inferred from observations or results of terrestrial biogeochemical models (TBM). Since

this has not yet been tested, the provisional data of ¢, and LAI will be used.

¢y and LAIT values are constructed in the following manner. We use values assigned to
vegetation types by Lieth and Esser (cited in Heise et al., 1988) by allocating Olson’s et
al. (1983) ecosytem complexes to Lieth and Esser’s vegetation types (see Table 5 and 6,
respectively). There are two values for both ¢, and LAI, one for the growing season and
one for the season of dormancy, labeled ¢ and d, respectively. In ECHAM, an annual
average of ¢, and LA has to be specified which we take as arithmetic average of the

corresponding ¢g and d values.

Some of the ecosystem complexes do not appear as vegetation type in Table 5. These are
agricultural ecosystems, such as cool and warm crops etc., and coastal edges. For these,

we provide a first guess which is broadly consistent with Lieth and Esser’s suggestions.

The new values of ¢, and LAI are given in Table 8; furthermore, the new and the old
global distribtuion of ¢, is shown in Figure 9 and 10, respectively. The new global

distribution of LAI is presented in Figure 13.

By comparing Figures 9 and 10, it appears that the new values of cy are generally
smaller than the old ones. We believe that the old data set exaggerates ¢,. It seems
hardly possible that, in most parts of the world, ¢, is larger than 0.8 during all seasons.

Moreover, the occurrence of vegetation at the north shore of Greenland is surprising
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because small plant, grass and lichen, are expected just at the eastern and western
coasts. The values of ¢, are closer to the new ¢, during the growing season. This is
seen when comparing Figure 10 with the global distribution of maximum values of ¢,
depicted in Figure 11. For the purpose of illustration, the minimum values of ¢, are

plotted in Figure 12.

6 Aggregation problems

The new data set of land-surface parameters a,, 2y, ¢F, ¢y, LAI is available at a reso-
lution of 0.5°x 0.5°. Also the blended surface albedo a can be given at that resolution;
however, as mentioned in Section 2.3, ag which is implicit in «, is just interpolated

from a 2.5°x 2.5° data set.

To get a data set of land-surface parameters at coarser resolution, parameters have to
be aggregated. Here, it is recommended to simply average parameters a,, cp, ¢y, LAIL
For zy,, the concept of blending height, i.e. an aggregation formula as in Equation 8§,

should be used. A reasoning for this procedure is given in Claussen (1993).

7 Concluding remarks

The new global data set of land-surface parameters for use in the climate model ECHAM
level 4 has been set up by consistenly allocating all parameters to the major ecosystem
complexes of Olson et al. (1983). The latter data are compatible with the vegetation
types used in the BIOME model of Prentice et al. (1992) which is a potential candidate

of an interactive submodel within a comprehensive model of the climate system.

As Henderson-Sellers et al. (1986) state in their conclusions “It is nonproductive to
attempt to answer questions such as Which is the best global land-surface data archive
currently available?” All of them are arbitrary to some extent and have been derived

from similar, or identical, sources. However, not all data sets are consistent in this sense
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that a change in vegetation implies a consistent change in all surface parameters. Here,
we have constructed such a data set of land-surface parameters - a data set which is

consistent with Olson’s et al. definition of ecosystem complexes.

The global distribution of new land-surface parameters has already been used in a few
test simulations with ECHAM. It seems to “work” properly. Nevertheless, a few modi-
fications are desirable. LAI, ¢,, and presumably also cg are provisional data. Instead
of allocating these parameters to ecosystems or biomes, it is suggested to compute
them from TBMs, preferably from TBMs into which the BIOME model of Prentice et
al. (1992) is incorporated. This approach would also allow for computing a realistic
seasonal cycle of LAI and ¢,, and, subsequently, «. However, this has not yet been

achieved and remains a challenging task for further improvement.
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Table 1: Allocation of Land Types to Olson and Watts’ Ecosystem Complexes

Land Type Major Ecosystem Complex

Antarctica Antarctic Desert

Sibirian Parks Siberian Parklands, Tibetian Meadows
Main Taiga Main Taiga

Cool Conifer Cool Conifer

Cool Mixed Cool Hardwood-Conifer

Warm Mixed Deciduous Warm Woods with Conifer,

Warm Deciduous
Broadleaved Evergreen

Warm Conifer
Tropical Montane
Tropical Seasonal
Cool Crops

Warm Farms
Tropical Dry

Rain Forest
Paddyland

Warm Irrigated Dry
Cold Irrigated Dry
Cool Irrigated Dry
Cool Grass

Warm Grass
Savanna

Bogs

Mangroves

Low Shrub
Mediterranean Types
Semiarid Woods
Succulent

Sand Desert

Hot Desert

Cool Desert
Tundra

Polar Desert

Cool Field/Woods

Warm Woods/Field
Cool Woods/Field
Warm Field/Woods
Southern Taiga
Northern Taiga
Wooded Tundra
Heath
Swamp/Marsh
Coastal Edges

Ice

Lakes

Partly Evergr. Broad-Leaved and Subtrop. Conifer,
Evergreen Broad-Leaved and Conifer
Deciduous Forest

Broad-Leaved Evergr. or Partly Deciduous Forest,
Broad-Leaved South-Temperate Forest
Warm or Hot Conifer

Tropical Montane Complexes

Tropical Seasonal Forest

Cool or Cold Farms, Towns

Warm or Hot Farms, Towns

Tropical Dry Forest and Woodland
Evergreen Equatorial Forest

Paddyland

Warm, Hot Irrigated Dryland Row Crops
Cold Irrigated Dryland Row Crops

Cool Irrigated Dryland Row Crops

Cool Grassland/Shrub

Warm or Hot Shrub and Grassland
Tropical Savanna and Woodland
Bog/Mire of Cool or Cold Climates
Mangrove/Tropical Swamp Woods

Other Dry or Highland Tree or Shrub Types
Mediterranean Types

Semiarid Woodland and Low Forest
Succulent and Thorns Woods and Shrubs
Sand Desert

Desert and Semidesert

Semidesert Shrub

Tundra

Polar or Rock Desert

Second-Growth Woods and Field Mosaics
...... : Field/Woods (temperate)

- “ - Forest/Field (tropical/subtropical)
- “ -1 - “- (temperate/boreal)

- “ - Field/Woods (tropical)

Southern Continental Taiga

Northern or Maritime Taiga

Wooded Tundra and Timberline

Heath and Moorland

Swamp/Marsh

Shore and Hinterland Complexes

Ice

Major Lakes
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Table 2: Redefinition of Land Types ¢ as proportions f;; of Simple Surface Types j

Land Type Simple Surface Type

1 2 3 4 5 6 7 & 9 10 11 12 13
Antarctica o 0 o o0 O O O o010 0 0 o0 O
Sibirian Parks 0o o7 25 0 O O O O O ©O0 o0 O
Main Taiga o o o0 o0 o0 010 O O O 0 o0 O
Cool Conifer o 0o 0 O 0o 010 O 0O 0 0 0 O
Cool Mixed 0 0 0 0O 0 50 &0 0 0 0 0 o0 0
Warm Mixed 0O 0 10 o0 0 60 20 0 0 0 0 0 10
Warm Deciduous o 0 0O O 010 O O O 0 0 o0 O
Broadleaved Evergreen 0 0 10 0 0 40 40 O 0O O 0 0 10
Warm Conifer o 0 0 o O o010 0 0 0 0 o0 O
Tropical Montane 0 0 O 10 20 3 3 0 0 0 0 0 10
Tropical Seasonal o 0 0 0 0 O 010 0 O0 0 0 O
Cool Crops o o o o o O 0 0 0100 0 0 O
Warm Farms o o o o o o o0 o0 0100 o0 0 O
Tropical Dry o 02 0 0 0 7 0 0 0 0 0 10
Rain Forest o 0 0 o0 0O 0 010 O o0 o0 0 o0
Paddyland o o0 0 O 0 O 0 0 0 50 50 o0 0
Warm Irrigated Dry 30 0 o 0 O O O %O O O O 0 O
Cold Irrigated Dry 6 o 0 o0 o O o 0 0 v 0 0 30
Cool Irrigated Dry 6 o 0o O o o0 o 0 o0 7 o0 0 30
Cool Grass 0 0 5 50 0o 0 O 0 o0 0 o0 0 o0
Warm Grass o0 0 0100 O O O O 0O O 0 0 O
Savanna, 0 o 0 0 8 W0 o0 0 o0 0 0 0 O
Bogs o o 0 o0 o o0 O o0 0 010 0 O
Mangroves o 0 0 0 0o 0 0 v 0 0 25 0 O
Low Shrub o o0 0 3 0O o0 490 0 O 0 0 0 30
Mediterranean Types o 0 0 2 o0 0 60 0 0 0 0 0 20
Semiarid Woods 60 0 0 20 20 0 O O O O 0 o0 o0
Succulent 30 0 0 & o0 O O O O 0 0 0 20
Sand Desert wmwo o o o0 o o o o0 0 0 0 0 O
Hot Desert 100 0 O o o0 o0 o0 o0 o0 0 o0 o0 o0
Cool Desert o o0 o o0 o o o o 0o 0 0100 o0
Tundra o61wwo o o o0 o o0 o0 o 0 0 0 0
Polar Desert 100 0 O o o o O O o0 0o 0 o0 o0
Cool Field/Woods 0O 0 0 s o O O O 0 80 0 o0 O
Warm Woods/Field 0O 0 0 5 50 o 0 0 o 0 0 0 0
Cool Woods/Field 0 0 0O 5 50 o o0 o0 o 0 0 0 o0
Warm Field/Woods o 0 0 5 O O O 0 0 50 0 0 O
Southern Taiga o 0 0O O 40 60 O O O O O 0 O
Northern Taiga o 02 0 0 0 5 0 o0 0 0 0 25
Wooded Tundra 0O 60 0 40 O O O O O O O 0 O
Heath o6 0 0100 O O O O O o0 0 o0 O
Marsh/Swamp o 0 o0 o O O O O O 01100 o0 O
Coastal Edges 0 0 0 5 O O O O 0 0 0 0 &0
Ice o 0o o o O O O 01100 o0 0 o0 O
Lakes o 0 0 0 o o0 O O o O 0 0 O
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Table 3: Allocation of vegetation albedo to simple surface types

) simple surface type Qg
il desert -
2 tundra 0.17
3 grassland 0.19
4 grassland with shrub cover 0.20
5 grassland with tree cover 0.16
6 deciduous forest 0.16
[ evergreen forest 0.13
8 rain forest 0.12
9 ice 0.70
10 cultivation 0.18
11 bog or marsh 0.12
12 semidesert 0.28
13 bare soil -
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Table 4: Allocation of roughness lengths to simple surface types

J simple surface type Davenport class. Z0v; (m)
1 desert smooth 0.005
2 tundra open 0.03
3 grassland open 0.03
4 grassland with shrub cover roughly open 0.1
5 grassland with tree cover rough 0.25
6 deciduous forest closed 1.00
7 evergreen forest closed 1.00
8 rain forest chaotic 2.00
9 ice smooth 0.005
10 cultivation roughly open 0.1
11 bog or marsh open 0.03
12 semidesert smooth 0.005
13 bare soil smooth 0.005
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Table 5: Allocation of Land Types to Lieth and Esser’s Vegetation Types

Land Type Vegetation Type

Antarctica -

Sibirian Parks Boreal shrub formation

Main Taiga Boreal evergreen coniferous forest
Cool Conifer Temperate evergreen coniferous forest
Cool Mixed Temperate woodland

Warm Mixed Subtropical deciduous forest
Warm Deciduous temperate deciduous forest
Broadleaved Evergreen Subtropical evergreen forest
Warm Conifer Subtropical evergreen forest
Tropical Montane Tropical paramo woodland
Tropical Seasonal Tropical dry lowland forest

Cool Crops -

Warm Farms -

Tropical Dry Tropical dry lowland forest

Rain Forest Tropical moist lowland forest
Paddyland -

Warm Irrigated Dry -
Cold Irrigated Dry .
Cool Irrigated Dry -

Cool Grass Temperate steppe and meadow
Warm Grass Subtropical steppe and grassland
Savanna Tropical savanna

Bogs Temperate bog and tundra
Mangroves Mangroves

Low Shrub Temperate shrub formation
Mediterranean Types Mediterran shrub and woodland
Semiarid Woods Subtropical savanna

Succulent Xeromorphic formation

Sand Desert -

Hot Desert Subtropical semidesert

Cool Desert Subtropical semidesert

Tundra Herbaceous tundra

Polar Desert -
Cool Field/Woods .
Warm Woods/Field -
Cool Woods/Field -
Warm Field/Woods .

Southern Taiga Boreal deciduous forest
Northern Taiga Boreal woodland
Wooded Tundra Woody tundra

Heath Boreal shrub formation
Swamp/Marsh Azonal formation
Coastal Edges

Ice -

Lakes -
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Table 6: Allocation of Vegetation ratio, Leaf Area Index to Lieth and Esser’s vegetation types

Vegetation Type Cy LAI
g d g d

Subtropical semidesert 0.15 0.0 0.5 0.0
Subtropical savanna 0.34 0.0 1.2 0.0
Temperate steppe and meadow 0.44 0.0 1.5 0.0
Subtropical steppe and grassland 0.44 0.0 1.5 0.1
Tropical savanna 0.53 0.30 1.9 1.0
Herbaceous tundra 0.55 0.0 2.1 0.0
Temperate bog and tundra 0.60 0.0 2.5 0.1
Woody tundra 0.70 0.15 3.2 0.5
Boreal shrub formation 0.73 0.0 3.5 0.1
Boreal woodland 0.73 0.0 3.5 0.1
Azonal formation 0.73 0.67 3.5 3.0
Temperate woodland 0.76 0.0 3.8 0.1
Mediterran shrub and woodland 0.80 0.67 4.3 3.0
Temperate shrub formation 0.85 0.0 4.7 0.1
Boreal deciduous forest 0.86 0.0 4.8 0.1
Xeromorphic formation 0.86 0.30 4.8 1.0
Tropical paramo woodland 0.86 0.77 4.8 4.0
Temperate deciduous forest 0.88 0.0 5.2 0.1
Boreal evergreen coniferous forest 0.91 0.91 6.0 6.0
Subtropical deciduous forest 0.93 0.30 7.0 1.0
Mangroves 0.95 0.95 9.0 9.0
Temperate evergreen coniferous forest 0.96 0.95 9.2 9.0
Tropical moist lowland forest 0.96 0.96 9.3 9.3
Subtropical evergreen forest 0.99 0.97 9.9 9.5
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Table 7: Area, Roughness Length, Forest Ratio, and Average Annual Albedo

Land Type Area zgu(m) CF y
Antarctica 13.0 0.001 0. 0.70
Sibirian Parks .9 0.04 0. 0.19
Main Taiga 4.8 1.0 0.8 0.13
Cool Conifer 2.8 1.0 0.9 0.13
Cool Mixed 1.8 1.0 0.8 0.15
Warm Mixed 1.7 0.68 0.8 0.16
Warm Deciduous 1.0 1.0 0.85 0.16
Broadleaved Evergreen 5 0.68 0.95 0.15
Warm Conifer T 1.0 0.95 0.13
Tropical Montane .6 0.55 0.5 0.15
Tropical Seasonal 5.2 2.0 0.9 0.12
Cool Crops 3.0 0.1 0. 0.18
Warm Farms 9.3 0.1 0. 0.18
Tropical Dry 4.7 0.55 0.6 0.14
Rain Forest 5.2 2.0 0.95 0.12
Paddyland 2.0 0.06 0. 0.15
Warm Irrigated Dry 5 0.05 0. 0.18
Cold Irrigated Dry 5 0.05 0. 0.18
Cool Irrigated Dry .5 0.05 0. 0.18
Cool Grass 3.9 0.06 0. 0.19
Warm Grass 17.3 0.1 0. 0.20
Savanna, 6.7 0.25 0.4 0.16
Bogs .9 0.03 0. 0.12
Mangroves 1.0 1.29 0.9 0.12
Low Shrub 2.6 0.26 0.4 0.16
Mediterranean Types 1.0 0.46 0.4 0.15
Semiarid Woods 9 0.04 0.3 0.18
Succulent 4.0 0.03 0.4 0.20
Sand Desert ‘ 5.2 0.001 0. 0.28
Hot Desert 11.0 0.005 0. 0.28
Cool Desert 2.0 0.005 0. 0.28
Tundra 11.0 0.03 0. 0.17
Polar Desert 2 0.001 0. 0.17
Cool Field/Woods T 0.1 0.3 0.19
Warm Woods/Field 1.7 0.17 0.5 0.18
Cool Woods/Field 3.5 0.17 0.5 0.18
Warm Field/Woods 1.3 0.1 0.3 0.19
Southern Taiga 2.4 0.65 0.8 0.16
Northern Taiga 4.4 0.31 0.4 0.15
Wooded Tundra Lk 0.05 0.2 0.18
Heath 2 0.1 0. 0.20
Marsh/Swamp .6 0.03 0. 0.12
Coastal Edges 4 0.03 0. 0.20
Ice 2.0 0.005 0. 0.70
Lakes 3.2 0.0002 0. 0.07
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Table 8: Vegetation Ratio, Leaf Area Index

Land Type Cy LAT

g d g d
Antarctica 0.0 0.0 0. 0.
Sibirian Parks 0.73 0.0 3.5 0.1
Main Taiga 0.91 0.91 6.0 6.0
Cool Conifer 0.96 0.95 9.2 9.0
Cool Mixed 0.76 0.0 3.8 0.1
Warm Mixed 0.93 0.30 7.0 1.0
Warm Deciduous 0.88 0.0 5.2 0.1
Broadleaved Evergreen 0.99 0.97 9.9 9.5
Warm Conifer 0.99 0.97 9.9 9.5
Tropical Montane 0.86 0.77 4.8 4.0
Tropical Seasonal 0.91 0.60 6.0 2.5
Cool Crops 0.90 0.0 2.5 0.
Warm Farms 0.90 0.10 4.5 1.0
Tropical Dry 0.91 0.60 6.0 2.5
Rain Forest 0.96 0.96 9.3 9.3
Paddyland 0.90 0.10 4.5 0.
Warm Irrigated Dry 0.60 0.0 4.0 0.
Cold Irrigated Dry 0.60 0.0 2.0 0.
Cool Irrigated Dry 0.60 0.0 3.0 0.
Cool Grass 0.44 0.0 1.5 0.
Warm Grass 0.44 0.0 1.5 0.1
Savanna 0.53 0.30 1.9 1.0
Bogs 0.60 0.0 2.5 0.1
Mangroves 0.95 0.95 9.0 9.0
Low Shrub 0.85 0.0 4.7 0.1
Mediterranean Types 0.80 0.67 4.3 3.0
Semiarid Woods 0.34 0.0 1.2 0.
Succulent 0.86 0.30 4.8 1.0
Sand Desert 0.0 0.0 0. 0.
Hot Desert 0.15 0.0 0.5 0.
Cool Desert 0.15 0.0 0.5 0.
Tundra 0.55 0.0 2.1 0.
Polar Desert 0.0 0.0 0. 0.
Cool Field/Woods 0.90 0.10 3. 0.
Warm Woods/Field 0.90 0.30 6. 3.
Cool Woods/Field 0.90 0.20 4. 1.
Warm Field/Woods 0.90 0.20 5. 2.
Southern Taiga 0.86 0.0 4.8 0.1
Northern Taiga 0.73 0.0 3.5 0.1
Wooded Tundra 0.70 0.15 3.2 0.5
Heath 0.85 0.0 4.7 0.1
Marsh/Swamp 0.73 0.67 3.5 3.0
Coastal Edges 0.40 0.20 4. 1.
Ice 0.0 0.0 0. 0.
Lakes 0.0 0.0 0. 0.
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