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Abstract

The coupling between atmosphere and biosphere is of particular importance over land surfaces
from both the atmospheric and hydrological point of view. For an adequate modelling of
processes at the land surface boundary to the atmosphere an accurate representation of the lanc
surface is necessary. The description of the present land surface is a significant problem in
global and regional climate modelling. The available datasets are particularly inaccurate in
some regions of the world and up to now their spatial resolution was too coarse to fit the
demands of high resolution limited area models. Recent development in remote sensing
facilitates the measurement of present land surface characteristics at a very fine spatial
resolution thereby offering the possibility to create new datasets of land surface parameters for
numerical modelling.

At a resolution of 1 km a global distribution of major ecosystem types (accord®igadq

1994a, 1994b) was recently made available by the U.S. Geological Survey. It was derived from
International Geosphere Biosphere Programme 1 km AVHRR data. From this global
distribution a global dataset of land surface parameters is constructed by allocating parameters
to each ecosystem type. These parameters are: background surface albedo, surface roughnes:
length due to vegetation, fractional vegetation cover and leaf area index for the growing and
dormancy season, forest ratio, plant-available soil water holding capacity, and volumetric
wilting point. This global dataset is provided for the use in global and regional climate
modelling.



1. Introduction

The coupling between atmosphere and biosphere is of particular importance over land surfaces
from both the atmospheric and hydrological point of view. For an adequate modelling of
processes at the land surface boundary to the atmosphere an accurate representation of the land
surface is necessary. A model used to simulate these processes requires a proper determination
of the land surface characteristics that are used in its parameterizations as boundary conditions.
Therefore, the description of the land surface is a significant problem in global and regional
climate modelling since deficiencies or inconsistencies in these boundary conditions may lead
to errors in the climate simulations.

As stated in a review bRowntree(1991), numerous numerical climate simulations have
shown that anomalies in albedo and surface roughness can produce significant changes in the
atmospheric circulatiorRielke et al(1997) have demonstrated that the landscape, including

its spatial heterogeneity, has a substantial influence on the overlying atmosphere. An adequate
determination of land surface characteristics dependent on plant canopies is of particular
importance because they strongly modify the evapotranspiration over large areas of the land
surface which is a major component of the surface thermal and moisture balance and of the
hydrological cycle.

Thus the assessment of new or improved land surface datasets was central to a number of
programs and experiments, e. g. the ‘International Satellite Land-Surface Climatology
Program’ (ISLSCP) and the ‘International Geosphere-Biosphere Program* (IGBP). For an
overview about these programs and experimentd;esdades et al(1998).

One of the first archives of global land surface datasets was preparhtdgrson-Sellers et

al. (1986) at resolutions ranging from 1x1 to 5x5 degree. This archive comprises of a
collection of several data sources (&/gtthews 1983;0lson et al. 1983;Wilson 1984; soil

data ofGildea and Moorg1985, based oRAO/Unescp1971-1981Cogley 1986). Most of

these data sources are based on maps and literature. A very large database was collected during
the ‘ISLSCP Initiative I Meeson et a].1995). In this database, most of the published global
datasets of land surface characteristics have a spatial resolution of 1 degree.

The spatial resolution of the currently available datasets is too coarse to fit the demands of high
resolution limited area models, since the resolution used in regional climate simulations
usually ranges from 0.1 degree to 0.5 degree. Also, these datasets are most probably inaccurate
in some parts of the worltHenderson-Sellers et g11986) stated that their collected datasets

are inconsistent to each other in several regions. For instance, the ecosystenOtiia ef

al. (1983) localize vegetation at the coastal regions of Morocco and Tunisia that reach far into
the land which is unrealistic (e.g. as compare®i@rcke 1988, 1992)Hagemann and
Dumenil (1999) found out that the wetlands distributiondviatthews and Fun§1987) and
Cogley(1987, 1991, 1994, taken from ISLSCP) differ largely.

Recent development in remote sensing facilitates the measurement of present land surface
characteristics at a very fine spatial resolution thereby offering the possibility to create
consistent land surface boundary conditions for numerical models. In IGBP, 10-day
composites of spectral radiances from an Advanced Very High Resolution Radiometer
(AVHRR) have been made available from April 1992 to March 1993 at 1 km resolution



(Eidenshink and Faundegh994). These data were used byWh®. Geological Surveil997)
to derive a global distribution of major ecosystem types according to the definitions given by
Olson(1994a, 1994b).

This technical note describes the construction of a global dataset of land surface parameters
based on this 1 km ecosystem type distribution. The set of the chosen parameters (background
surface albedo, surface roughness length due to vegetation, fractional vegetation cover and leaf
area index for the growing and dormancy season, forest ratio, plant-available soil water
holding capacity, and volumetric wilting point) was defined by the parameters that are used or
shall be used in the climate models of the Max Planck Institute for Meteorology (MPI). The
dataset is constructed by allocating a specific set of parameters to each ecosystem type. The
allocation methods for the different parameters are described in Sect. 2.

The 1 km data will be aggregated to a grid resolution ranging from 0.1 degree for limited area
models to T106 (ca. 1.1°) or T42 (ca. 2.8°) for atmospheric general circulation models (GCMs)
at MPI. The same technique of aggregation can not be used for all land surface parameters.
Thus, Sect. 3 deals with the issue of aggregation.

In Sect. 4, the new land surface parameters are compared to the old ones used at MPI and
checked for plausibility.



2. Allocation of land surface parameters

Olson et al(1983) constructed a global distribution of major ecosystem complexes that has a
resolution of 0.5 degree. The dataset contains 45 different ecosystem types. By allocating
specific parameter values to each of the ecosystem compl#aessen et al1994) derived a

global dataset of biosphere related land surface parameters. They generated 0.5 degree fields in
a regular grid for background (surface) albedo, surface roughness length due to vegetation, leaf
area index, fractional vegetation cover, and forest ratio. These fields are currently used in the
MPI climate models, the GCM ECHAM®&Rpeckner et al.1996) and the regional climate
models HIRHAM4 Christensen et al 1996) and REMO with ECHAM4 physics (Jacob and
Podzun, 1997). In this study, we use the same allocation meti@idussen et a1994).

As mentioned in Sect. 1, the U.S. Geological Survey has constructed their global 1 km
distribution of major ecosystem types according to a classification li®isin (1994a,

1994b). Compared to the old classification list present€lsaon et al(1983),0lson(1994a,

1994Db) has increased the number of ecosystem types (from 45 to 94) but only 70 of the new 94
ecosystem types are included in the 1 km dataset.

In the present work, the allocation of land surface parameters to the new ecosystem types is
conducted to facilitate the generation of a global dataset of these parameters at 1 km and
coarser resolutions. For ecosystem types that are included in both classification lists, initially
the same parameter values aflaussen et al(1994) were allocated. For each of the other
ecosystem types, parameter values were assigned that correspond to a similar type of the old
list. According to this method, parameter allocations are done for background (surface) albedo
(see Sect. 2.1), surface roughness length due to vegetation (see Sect. 2.2), fractional vegetation
cover and leaf area index (see Sect. 2.3), and forest ratio (see Sect. 2.4). The corresponding
parameter values are shown in Table 1.

SinceClaussen et al(1994) characterized their allocations for leaf area index, fractional
vegetation cover and forest ratio as very rough estimates, a method is developed that improves
these rough estimates (see Sect. 2.3). For some regions of the earth, corrections have to be
applied for particular ecosystems types.

Beyond the parameters that are already treated, soil water holding capacities are assigned to
each ecosystem type to achieve a consistent global capacity dataset. Sect. 2.5 deals with this
iIssue. The corrected and improved parameter values are shown in Table 2.

2.1. Surface albedo

The background (surface) albedgis a measure of the ability of the model land surface to
reflect the incoming solar radiation on snowfree areas. Therefore it is an important parameter
in the model equations that describe radiation processes at the atmosphere-land surface
boundary.



In this study, the allocations @f to ecosystem types are based solelyCtaussen et al.

(1994). Their 0.5 degree albedo dataset was merged with observed data of the ‘Earth Radiation
Budget Experiment’' (ERBERamanathan et al.1989) which have a very coarse spatial
resolution of 2.5°. In the new data, each parameter distribution is based only on the allocation
of parameter values to land use types. This offers the possibility to easily derive different
parameter distributions by changing the land use types distribution as it may be desired in
experiments using different (e. g. future or paleo-climatic) boundary conditions. Thus, a
merging of the nevag values with the ERBE data is not adopted. This may lead to some
deviations from actual albedo values in regions that are mainly covered with bare soil. In
particular in the bare desert regions of the Sahara and Saudi Arabia the albedo obtained is too
low compared to observed data of ERB&rkstrom et al 1990) and calculated dataSllers

et al. (1995a, 1995b) that are based on Normalized Difference Vegetation Index (NDVI) data
and GCM computations. Therefore a value of 0.35, which seems to be a representative value
according to these two datasets, is assigned to bare desert in these regions.

2.2. Roughness length due to vegetation

The roughness lengt is a measure of the roughness of the surface used to describe processes
in the surface boundary layer (in the Prandtl layer, the wind velocity becomes independent of
the Reynolds number and the wind speed depends logarithmically on the height above the
surface;Mason 1987). In the models, the turbulent exchange of momentum, energy, and
moisture between the surface and the atmosphere is calculated as a furgjidn afeas of

low orography, the vegetation part of the roughness length often controls this mixing
(Henderson-Sellers et al1986). Thus, the roughness lengghconsists of two parts: a
roughness length, ,,, computed from the variance of orography, and a roughness kgngth

of vegetation and land use. Accordingltbaldi and Geleyr§1981), the square a@f equals the

sum of the squares & 1o andzg yeq

For the roughness length, g NO corrections were made to the new allocations. Urban areas
are not covered by the ecosystem types considerl€taussen et a1994). Thus, a value of

2.5 m is assigned as proposedTidyaldi and Geleyr{1981). In contrast to these authors, we
consider urban areas as one of the land use types used in the computgfiginstead of

treating it as a separate term (as done %ty in the computation of, (see above). The
roughness length over the oceans is computed in the climate model depending on wind speed.
But this is usually not done for land gridboxes in the climate model that are partially covered
with water. Here, followingClaussen(1991), we set a roughness valoé0.0002 m.

1. In ECHAM4 Roeckner et a].1996), the minimum value of Zeq0ver water is set to 1.5*10m, and
the BATS modelDickinson et al. 1993) uses a value of 2.3 *40

-7 -



2.3. Fractional vegetation and leaf area index

Small variable openings in the leaves of plants, known as stomata, control the flow of water
vapour between the leaf and the outside air. Such a control is commonly referred to as stomatal
resistance in analogy with Ohm's law for the electric resistance. A certain vegetation canopy
may consist of several canopy layers. Therefore the canopy usually has a surface area greater
than its projected area on the ground. The ratio of the leaf area to the projection is known as the
leaf area index (LAI) and can be used to relate the stomatal resistance to a resistance of the
canopy. The fractional vegetatiop indicates the fractional area covered by plants within a
gridbox which are able to modify evapotranspiration by their stomata.

Apart from its influence on the evapotranspiration via the surface resistance of the canopy, the
LAI defines also the size of the precipitation interception capacity (skin reservoir). Although
interception capacities are small compared to soil water holding capacities, their effect can be
quite large as intercepted rainfall can evaporate at the potential rate. The effect is greatest when
there are frequent low intensity rainfall events. The soil remains drier than it would without a
canopy store, and evaporation is larg&alrilow et al, 1986).

Forc, and LAI, we have allocated maximum and minimum values valid for the growing and
dormancy season, respectively, to each land use Glpassen et al(1994) stated that their
allocations ofc, and LAl are provisional and that it seems more reasonable tajrdad LAI

from data of net primary production of vegetation.

Since appropriate global data®@fand LAl are not available, a different data source had to be
found to improveg,, and LAI. According to the Beer-Lambert's laM¢nsi and Saekil953),
the fraction of photosynthetic absorbed radiafigqi is closely connected tg, and LAI by

Eqg. (2).

0 st
fpar = C\,Elél—e ' E 1)

Knorr (1997, 1998) has derived a global distributiorfgfz from data ofBerthelot et al.
(1994) based on NOAA/AVHRR data at 0.5 degree resolution.

In order to allocatépg values to ecosystem types (taken from the 1 km dataset), all gridboxes
were considered where the fractional coverage of a specific ecosystem type is larger than a
certain threshold value at 0.5 degree resolution. It is assumed that for such gridboxes the
correspondindppg Value is typical for the specific ecosystem type. Four different threshold
values (60%, 70%, 80% and 90%) were used to account for different maximum spatial
coverages of the ecosystem types. For each ecosystem type for which such gridboxes exist, the
fpar Values located in the corresponding gridboxes of the 0.5 dégygedistribution were
averaged and assigned to the ecosystem type for each of the four threshold values. This was
done separately for the maximum value$ak (that correspond to the growing season) and

for the minimum values dpag (that correspond to the dormancy season). The latter values are
more scarce since during winter time large parts of the northern hemisphere are covered by



snow that does not allow an accurate measuremdpfQfBy examining the averagdghr
values, specific values @f,g were assigned to most of the ecosystem types for both seasons.
If the assignment of fpag value was not possible for a specific ecosystem type and a particular
season the initial values were kept épand LAI.

Eqg. (1) is not sufficient to derive bothand LAI from the correlated valuesfghr Thus as a
second criterion, the relative change from the initial values to the corrected vatyemndf
LAI are forced to be minimized. This means that the changes must satisfy EqQ. (2):

Minimum (2)

Act |, BLAIR _
Ue, 0 OLar O —

For some regions, however, the initial unchanged valueg ahd LAI of a particular
ecosystem type are used as suggested by Knorr (personal communication, 1998). This is done
for Cold Grasslandn the Andes for the growing seas@uqol Crops & Townsn Canada and

middle west of the USA for the dormancy seastungculent and Thorn Shruab north-east

Brazil for both season§rops, Grass, Shrukie South America for the growing season.

For Low Sparse GrasslandndCold Grasses and Shrulis the southern part of South
America,c, of the growing season is set to 0.15 since this region is very sparsely vegetated.
The corresponding LAl is set to the initial value. Favpical Rainforestthe correction yields

the same values as the initial ones except,fan the dormancy season. Knorr (1997) stated
that there are some data problems over the South American rainforest due to large water
vapour contents of the atmosphere, so therefore the initial value is ke@tropsrand Towns
andForest and Fieldsn central and southern Spaay,and LAl of the growing season were
modified based solely on consideration$saf in this region. For the first we set< 0.6 and

LAI = 2.5, for the latter we set, 0.65 and LAl = 4.

It is important to note that in the dormancy season the distributifsygpossesses a very
large amount of missing data. Thus, the corrections made for the dormancy season may have a
lesser accuracy than the corrections for the growing season.

2.4. Forest ratio

The forest ratiocs is the fractional cover of trees, regardless whether they are
photosynthetically active or not. Thus, in wintgrmay become smaller thapfor deciduous
plants. In the summer and for evergreen plants throughout thecyeae,, should be valid. In
the MPI climate modek; is used to account for the different behaviour of the snow albedo in
forested and non-forested areas. Alsohas the potential of being used for other snow
dependent characteristics such as snowmelt (e.g. done in the HBV mBeejjstrom 1992).



Claussen et a1994) have specified the forest rati@onsistent with fractional vegetatiop
Therefore the initial allocation is done in the same way as for the allocation @f thkies
(see Sect. 2.3). For land use types whgrs corrected, the corresponding forest ratio is
corrected in an analogous way by applying the same correction factéobdy Savannah
the initial value is used since the correction would yield an unrealistic high vatueAsffor

¢, and LAl (cf. Sect. 2.3), the initial value ofis also used foBucculent and Thorn Shrui
north-eastern Brazil.

2.5. Soil water holding capacity

Different terms exists to describe the maximum amounts of water that may be stored in the
soil. The total amount of water that may be stored due to the porosity of the soil is the pore
volume. This volume may be totally filled only for a very short time after a heavy rain event
(except for wetlands, see also Sect. 4.1). The field capélgifyis the amount of water held in

an originally saturated soil by capillary forces after several days of drainage. The plant
available water capacity,, 4 is the maximum amount of water that plants may extract from
the soil before they start to wilt. The differenceVidf,, andW,y, is called the permanent
wilting point W, Way4 is climatologically important because it defines the maximum soil
moisture that is potentially available to the atmosphere due to the transpiration oflgpts.

Is also quite important inasmuch as it is necessary in establishing the mass conservation of the
hydrological cycle, thereby determining the turnover of precipitation into evaporation, and in
controlling runoff and drainage processes.

The soil water holding capacity is one of the most uncertain parameters in global and regional
climate modelling. The definition of the water holding capacity used in a climate model is
model dependent and has to be consistent with the model‘s formulation of evaporation
processesSchulz et al.1998). The exact definition of this capacity may be crucial for the
simulation of the hydrological cycle and its influence in the model simulations. Also the
determination of the soil water holding capacity for a given area is a difficult task, since it
cannot be measured on a larger area so far. First, the relative capacity has to be determined,
which is defined as capacity volume per depth, and second, the depth over which the relative
capacity has to be integrated to yield the total soil water holding capacity must be determined.
Since the solil is usually very heterogeneous, a value given for a certain place can only be an
estimate of the capacity that is representative for the area. Therefore one could not expect to
find a perfect algorithm that allows an exact determination of the soil water holding capacities
everywhere on the globe.

The current version of ECHAM4Rpeckner et al.1996) uses field capacitié¥;,, as
maximum soil water holding capacities according to a 0.5° datadedttdrson(1990).
Kleidon (1998a, b) stated that these capacities are too low for many regions of the Earth,
especially in the tropic#lagemann and Kleido(1998) have compared three different climate
simulations of the GCM ECHAM4 at T42 resolution: a control experiment, a simulation using
field capacities based on the assumption of shallow roots in the tropics, and a simulation using
field capacities based on optimized (deep) rooting depths in the tropics which are generally
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deeper than those of the control experiment. Their study reveals that the simulation with the
deepest rooting depths (corresponding to the largest field capacities) is in general closest to
observations. In their paper, they also discuss the effects of different rooting depths and thus
field capacity on the simulated hydrologic cycle of the GCM.

— Wcap_ Wava
I @3)

cap

ECHAM4 uses a constant value of the volumetric wilting pbjpp (defined by Eq. (3)) of

35%. It may be useful to replace this constant value by a global spatially varying dataset of
fowp Such a dataset may be easily derived from 0.5° datas@g,gndW,,, according to
Patterson(1990).

In order to achieve a high resolution dataset of soil water holding capacities that is consistent
with the other vegetation-related parameter fields, we have assigned vaNggafdf,,, to

each land cover type. For some regions this may be not very realistic since the soil water
capacities depend on the texture of the soil which is not as highly correlated with a land cover
type as a pure vegetation paramddemne and Wilmot{1996) stated that the most influential

and uncertain parameter for the determination of soil water capacities is the depth over which
W,ya is computed. This depth is usually limited by root depth. Soil texture exerts a lesser, but
still substantial, influence. Organic content, except where concentrations are very high, has
relatively little effect. Since the parameter primarily influencilig,, is root depth which
depends largely on the land use type, the assignméfifi gto land cover types seems to be
reasonable. Also the achieved consistency may compensate a weakness of this kind of
allocation to a certain degree.

The allocation of,,, andW,y, to the land cover types should be based on correlations of the
land cover types with 0.5 degree datasefg pfandW,, that are done in the same way as for
fearin Sect. 2.3. But the choice of appropriate soil water capacity data was not an easy task.
As mentioned above, the capacity field¥\@f, andW,,, of Patterson(1990) are generally too
small. But it seems that the derived distributiorfpf, from these capacity fields is quite
realistic, so that thedg,,, data were chosen.

Second, a global 0.5 degree dataseigf, was chosen which was constructed by Kleidon
(personal communication, 1998) based on optimized rooting ddfi#iddn and Heimann
1998c). In this approach, the benefit of the vegetation - expressed by the net primary
productivity as simulated by a terrestrial biosphere model - is maximized in respect to rooting
depth expressing optimum adaptation of the vegetation to its climatic environment. The
calculated global distribution of rooting depth compares well with the general pattern for
vegetation types obtained from observations of maximum rooting depémadell et al.

1996). To correct for deficiencies (especially with respect tol'thmelravegetation type),
optimized rooting depths are constrained by the minimum and maximum values of rooting
depth reported for all species within one vegetation tyfsnéadell et al. 1996) using the
vegetation classification dilson and Henderson-Selle($985) and the soil texture
information ofBatjes(1996) that is based on FAO soil data.
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3. Aggregation of land surface parameters

The majority of global climate models (GCMs) assume land surfaces to be homogeneous
within GCM grid cells, typically ranging from 100x100 to 500x500% hus, the subgrid-

scale heterogeneity of land surfaces, on a wide spectrum of length scales, poses a main
problem in global climate modelling. This problem can be tackled by considering a large,
heterogeneous area, such as a GCM grid cell, to be made up of a number of different land
surface types which together constitute a ‘mosaic’ of ‘tiles’ (such as done in the SECHIBA
land surface schemBucoudre et a] 1993). Four general approaches exists, as suggested by
Feddes et al(1998):

» to define the surface characteristics of the tiles, either from high resolution data (e.g.
from remote sensing) or by statistically processing (e.g. by assuming spatial spectral
distributions of the surface properties as don®bisnenil and Todin{1992) for the soil
water capacities in their runoff/infiltration scheme).

 to define ‘effective’ parameters that represent the entire mosaic or the heterogeneity of a
GCM grid cell (e.g. from aggregation of remotely sensed data at high resolution).

» to produce a simple flux aggregation (or upscaling) scheme that yields the spatially
averaged flux densities over the entire mosaic or GCM grid cell.

» to produce a simple disaggregation (or downscaling) scheme that determines the land-
atmosphere exchanges over each tile individually.

In this study we focus on the second approach. For the latter two approaches, see among others
Raupach(1993).

In order to aggregate parameters to coarser resolutions most of the vegetation parameters (e. g.
LAI, fractional coverages) can simply be linearly averaged, weighted by the fractional areas of
the component land cover classésddes et a).1998). For the roughness lengif)eq

however, it has been found (e Mason 1988) thaiy ,eqcan best be logarithmically averaged

at a so-called blending height (as described in Sect. 3.1).

3.1. Aggregation of roughness length

As described irClaussen et al(1994), the aggregation of roughness lengths from the 1 km
scale to a coarser resolution by linear averaging is not valid. Therefore the concept of blending
height is used. Instead of roughness valgggzdrag coefficientsy = (K/In(z,/z; \eq))

are averaged, wherg are taken at the so-called blending heightThis leads to Eq. (4) for

the aggregation within a gridbox:
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Here, { is the proportion of a gridbox covered with land cover type  angg;is the
roughness length allocated to the land cover type j. We chgosd @0 m as an order-of-
magnitude guess according@taussen et al1994).
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4. Discussion of the new datasets

In Sect. 4.1, the new dataset of land surface parameters is compared to the old dataset. The
comparison is done from a global point of view at the 0.5 degree resolution that is the highest
resolution at which the old dataset is available. Sect. 4.2 deals with some aspects relevant for
regional climate modelling over Europe and shows some features of the new dataset at a 0.1
degree resolution.

4.1. Global view

A major difference between the old and the new dataset is due to the fact that in the 1 km
global ecosystem data the shelf ice region of Antarctica is classified aglieidr(ice, while

in the old data this applies only to the continental land points. In the following figures, simple
coastline data are used where the shelf ice is not included as land areas.

It is noticeable that the underlying resolution of the old parameter dataset is partly much
coarser than 0.5 degree, which can be seen by means of large homogeneous blocks in e. g.
South Africa and Australia, but also in many other parts of the earth as in South America and
in Siberia.

Fig. 1a shows the new background albedo, and it is compared to the old background albedo
(Fig. 1b) used in ECHAM4. Both datasets are able to depict many large scale features of the
earth, such as the Congo basin, the Amazonian basin, the Tibetan high plateau, the Canadian
and the North Asian boreal conifer forests. The new dataset apparently has an improved
representation of the Scandinavian mountain ranges, the Andes and the Atacama desert in
South America. Also the large desert regions in Australia seem to look more reasonable than in
the old data. Only the new dataset resolves the Namib desert in South Africa, the Persian
highlands, the Sierra Madre in Mexico, the Great Basin and the Great Plains in North America,
the Gobi desert and the desert and mountain ranges north of Tibet. Most of these
characteristics also apply to the other land surface parameters.

In the old albedo, the coastal regions of the Sahara and Saudi Arabia differ much from the
central parts of the deserts. This difference does not exist in the new albedo data, but the new
dataset seems to be realistic according to a desertification rDegrcke (1988, 1992).

The old global distribution afy \eq(Fig. 2b) has very rough transitions between regions with
rather different values af g These transitions become smoother in the new data (Fig. 2a) so
that more structures become visible. This is particularly the case for North America, the
Amazonian basin and Central Africa.

For the newc, (Fig. 3a), the most significant change from the old data (Fig. 3b) is caused by

the large reduction af, for most ecosystem types related to conifer forests (especially the
types 4, 21, 22, and 62, see Table 1 and 2). Therefore the boreal conifer forests of Canada and
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northern Eurasia become less vegetated in the new oje@he same applies to the new
distributions ofLAl (Fig. 4a) anda; (Fig. 5) compared to the old distributions (Fig. 4b and 6),
respectively. Additionally, the new distribution gfis more structured and the transitions
between regions with rather different valuesiaire smoothed and thus improved as above.

To validate the quality of the parameter distributions,0EAI andc;, global distributions of

fpar are derived front,, andLAl of the old and the new dataset using Eq. (1). These
distributions are compared to the datasedrr (1997, 1998) which will be referred to as
surrogate data in the following. Due to a large amount of missing data (see also Sect. 2.3) in
the surrogate dataset for the dormancy season, a graphical comparison to fifyg; deta is

only useful for the growing season. For this season, there is a large agreement between the new
fear (Fig. 7a) with the surrogate maximupag distribution (Fig. 7b). From this comparison it

is evident that the reduction @ (as in LAl andc) for northern conifer forests is realistic,

since the new data have only slightly higher valuegQfin these regions than the surrogate
data. The comparison between the mean distributidgagfof the new (Fig. 8a) and the old

data (Fig. 8b) reveals that the old data have much higher values in these regions which is not
supported by the surrogate data.

The new distribution 0¥V, (Fig. 9a) possesses considerably deeper soil reservoirs than the
old water capacities (Fig. 9b) &atterson(1990) used in ECHAM4, especially for latitudes
below 50° N. Similar or slightly higher values are found north of 50° N, in Persia, in the
Himalaya, in the North American east coast, in the Amazonian basin and the Congo basin.
Lower values are found in the Sahara and in parts of Saudi Arabia, Canada and West Siberia.

The new distribution o¥\,,, (Fig. 10a) is similar to the surrogate data (Fig. 10b) of Kleidon
(personal communication, 1998) in many regions of the earth. The surrogate data are biased
with some noise which originates from the method to adapt the optimized rooting depth
distribution to the climatic environment (cf. Sect. 2.5). Here, a spatially uncorrelated stochastic
generation of daily precipitatiorbeng et al. 1986) derived from mean climate was used to
construct the data. The noise is dominant in desert regions where only seldom but heavy
precipitation events may occur. Despite of the noisy desert regions tVg,peis very similar

to the surrogate data in many regions of the world. Also in the noisy regions th&,pgw

seems to be a smoothed version of the surrogate data. Larger differences exist in the eastern
part of South America and in South Africa.

One general weakness of the 1 km satellite data is the particularly inadequate allocation of
wetlands. Neither the Pantanal swamps and the wetlands in the Parana catchment in South
America are well represented nor the wetlands surrounding the southern Hudson Bay, the
wetlands in the Congo basin and in the East African highland lake area. This may be caused by
the fact that the ecosystem types are allocated according to the major features of vegetation and
land use. Thus, regions where the wetlands are only a secondary feature are not well
characterized. While the other land surface parameters largely depend on the primary features
of the land cover, the water capacity of the soil is strongly influenced if wetlands are present.

In many land surface parameterizations of atmospheric GCMs (among Gtiemset al.

1997), as, e.g., in ECHAMA4, the soil water capacity defines the maximum amount of water that
may be accumulated in the ground. Depending on the soil water capacity and the actual soil
water content, the water that reaches the ground due to precipitation or snowmelt will partly

infiltrate and runoff. A wetland (and also a lake) is actually an infinite reservoir that can store

all the water which reaches the ground without a separation of runoff and infiltration, so that

- 15 -



the definition of a finite water capacity is not realistic. Because of this, the water capacity
values assigned to wetlands ecosystem types (sudlo@ded Wet Swamplarsh Wetlandbr

Mire, Bog, Fen are preliminary. The water capacity concept used in GCMs (see above) does
not describe the physics of wetlands, although the values assigned to wetlands seem to be
alright. In principle, a new approach is needed which describes the hydrologic behaviour over
wetlands (and lakes). In this approach, wetlands should be treated separately in climate models
(see alsdHagemann1998) and will be taken care of in future model development.

For the mangrove swamp in the Niger ddialogun and Oyeband@993) have measured that

Wecap Of the upper 100 cm of organic soil ranges from 48.6 to 53.2 cm. Since the vaNjgs of
considered in our study are not only related to the upper layer of soil, these values should be
higher. This is the case for the néW,, data in the Niger delta, but not for the old data where
Weapis less than 40 cm. This points to the fact that the assigned valikeg,ob the wetlands

types may not be too unrealistic.

An accurate separation of lakes from the land ecosystem types is possible since a global
distribution of fraction of land (or water) may be directly derived from the 1 km global dataset
of ecosystem types (not shown). But the situation is different for wetlands. The currently best
available global dataset for hydrological modelling that describes the fractional coverage by
wetlands is a dataset bfatthews and Fun@gl987) as indicated by resultstedgemann and
Dimenil(1999). This dataset has a resolution of 1 degree which is certainly too coarse for
regional climate modelling. An opportunity for the future may be the merging of this dataset
with a wetlands distribution derived from the 1 km global ecosystem data.

4.2. Regional view at Europe

The most important feature of the new land surface parameter datasets is the very high
resolution that may be obtained. Thus the datasets are particularly suitable for high resolution
climate simulations as e. g. planned to be done for Europe in the MERCURE project. At MPI
and DMI, the HIRHAM limited are model will be applied at resolutions of 0.44 and 0.22
degrees in a rotated lat-long grid. The 0.5 degree resolution of the old land surface datasets
used in the MPI models (cf. Sect. 2) is clearly an insufficient resolution for a 0.22 degree
model. But even for a 0.44 degree model for which this data resolution might be sufficient
there are significant differences between the old and the new fields. As an example, Fig. 11 and
Fig. 12 show the new and the old mean annual fractional vegetation in a non-rotated 0.5 degree
grid. The new fields seem to be more realistic than the old ones. The Scandinavian mountain
ranges have an improved structure and the Alps become visible in the new data. Also, the
distribution ofc, is smoother without such harsh changes that occur in the old data, e. g. in
Finland and eastern Europe. As shown in Sect. 4.1, similar and even larger improvements are
found over other continents. This indicates that even for coarse resolution regional and global
models the new fields of surface parameters may lead to significant improvements.

Fig. 13 and Fig. 14 show the new fields of seasonal fractional vegetation for summer and
winter, respectively, at 0.1 degree resolution. Both figures illustrate that a high resolution is
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needed in order to describe adequately the steep gradients, in particular those connected with
the European mountain ranges. The figures also illustrate large seasonal variations in this
parameter, ranging in many places up to 50-70%. Similar large variations are found in the leaf
area index. In previous simulations with both the ECHAM model and the HIRHAM model
mean annual values of both of these parameters have been used all year round. One of the new
features that will be tried out in the planned experiments with the HIRHAM model will be to
validate the effect of the introduction of seasonal varying surface fields. With the new high
resolution parameter fields this seems feasible even for the highest resolution planned to be
used in MERCURE.

For this seasonal variation, we suggest ¢pahdLAl should range between the minimum and
maximum values according to a function of subsoil temperdiyeas shown in Eq. (5).

LAI = LAl i+ f(Tooi) DLAI o= LA ) (5)

The functionf(Tg) is given in Eq. (6) wher&gy; may range between a minimum temperature
Trmin @nd a maximum temperaturg, 5

f(Toon) = 1- Erm""x_ Ts""DZ (6)

This approach is used in the BATS schemd&Kinson et al. 1993) and in the SECHIBA
scheme Qucoudre et a].1993). In BATS T, is the temperature of the second layer of a 3
layer soil model withT ;, = 273.1 K and,,, = 298 K . In SECHIBAg; is the
temperature of the fourth layer of a 7 layer soil model with,, = 273 K and
Tmax = 293 K. For ECHAM4, we chooseJ; to be the third soil temperature layer (of 5),
since the temperature used in Eq. (6) has to be independent of diurnal vari@tibok (
personal communication, 1998) that occur e. g. in the uppermost soil layer.

This approach considers only regions where the phenology of leaves and the growths of the
vegetation is limited by temperature. In regions, where this is limited by water scarcity, such as
in Spain or India, Eq. (6) is obviously not sufficient. The inclusion of the effects of water
availability onc, andLAI may be an important task for future improvements of the
representation of the land surface in climate simulations.
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5. Conclusions

An approach to construct new global datasets of land surface characteristics at resolutions
down to 1 km was presented. They are derived from a 1 km global ecosystem distribution
based on AVHRR satellite data. Compared to the currently available land surface data, the new
datasets have a considerably improved resolution. Also at the same resolution as the old data,
the new data show much more structures of the land surface and thus increase the quality of the
land surface representation by gridded datasets.

Due to the finest resolution of 1 km that may be obtained, the new data seem to be very suitable
for the application in very high resolution regional climate modelling as it is planned with the
HIRHAM model. Also the inclusion of a seasonal cyclepandLAl into climate models is
possible, as it is suggested for ECHAM and HIRHAM.

The new parameter dataset is subject to improvements in some cases, especially regarding
coarse resolution GCM applications. The soil water capacity distribution may be improved by
using soil type information such as the 0.5 degree soil type dataBeinake and Wilmott

(1996) based oRAO/Unescd1971-1981). Although very high resolution soil type data are
currently not globally available, the existing data may be used to corre‘ﬂtcgaeiata for

coarse resolution GCM applications. Soil surface albedo information would be useful to
improve the background albedo distribution in bare soil regions, such as in the Sahara and
Saudi Arabia.
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Tables and Figures

Table 1: Initial parameter values based solely@aussen et a(1994)

Global ecosystem types @ison(1994a, 1994b) that correspond almost directly to one of the old types of Olson

et al. (1983) are marked with a *. In the USGS dataset, there is no separation thetavebWater(14) andSea
Water(15) since all water gridboxes are marked as type 14. Several of the new ecosystem types introduced in
Olson(1994a, 1994b) do not occur in the satellite dataset, so that they are excluded from tiMéxadblEorest

and Field(18),Cold Irrigated Cropland(39), Volcanic RocK49), Coastal Wetland in NW65), NE (66), SE(67)
andSW(68), Glacier Rock(70), Salt Playaq71), Water and Island Fring€73),Land, Water, and Shorg4),

Land and Water, River@5), Southern Hemisphere Conifgfgr), Wet Sclerophylic Foreg79), Coastline Fringe

(80), Beaches and Dund81), Sparse Dunes and Ridgé?), Bare Coastal Duneg33), Residual Dunes and
Beacheq84), Compound Coastline@5), Rocky Cliffs and Slopg86), Sandy Grassland and Shrufgy?),
Bamboo(88). The roughness length %gyis given in m.

Type Global Ecosystems Legend  ag ZHveg &9 & d LAIg LAId ¢

1 Urban 0.2 2.9 0. 0. 0. 0. 0.

2 Low Sparse Grassland 019 0.03 044 O 15 0.1 0.
3 Coniferous Forest 0.13 1. 096 095 9.2 9.0 0.9
4 Deciduous Conifer Forest 0.13 1. 0.76 0. 3.8 0.1 0.9
5 Deciduous Broadleaf Forest 0.16 1. 0.88 0. 5.2 0.1 0.85
6 * Evergreen Broadleaf Forests 0.16 068 099 097 9.9 9.5 0.95
7 Tall Grasses and Shrubs 0.2 0.1 0.44 0. 15 0.1 0.
8 Bare Desert 0.28 0.005 O. 0. 0. 0 0

9 * Upland Tundra 0.17 003 055 O 2.1 0. 0.

10 Irrigated Grassland 0.16 0.03 0.9 0.1 4.5 0. 0.
11 Semi Desert 0.28 0.005 0.15 oO. 0.5 0. 0.
12 * Glacier Ice 0.7 0.005 oO. 0. 0. 0. 0.

13  Wooded Wet Swamp 0.12 0.03 0.73 0.67 35 3.0 0.
14 * Water 0.07 0.0002 o. 0. 0. 0. 0.

16 Shrub Evergreen 0.165 055 0.9 0.3 6. 3. 0.5
17 Shrub Deciduous 0.16 026 085 O. 4.7 0.1 0.4
19 Evergreen Forest and Fields 0.16 0.25 0.9 0.3 6. 3. 0.5
20 Cool Rain Forest 0.12 2. 096 096 9.3 9.3 0.95
21 Conifer Boreal Forest 0.13 1. 091 091 6. 6. 0.8
22 * Cool Conifer Forest 0.13 1. 096 095 9.2 9.0 0.9
23 * Cool Mixed Forest 0.15 1. 0.76 0. 3.8 0.1 0.8
24 Mixed Forest 0.16 068 093 0.3 7. 1. 0.8
25 Cool Broadleaf Forest 0.16 1. 0.88 0. 5.2 0.1 0.85
26 Deciduous Broadleaf Forest 0.16 1. 0.88 0. 5.2 0.1 0.85
27 Conifer Forest 0.13 1. 099 0.97 9.9 9.5 0.95
28 * Montane Tropical Forests 015 055 086 077 438 4.0 0.5
29 * Seasonal Tropical Forest 012 2. 091 0.6 6. 2.5 0.9
30 * Cool Crops and Towns 0.18 0.1 0.9 0. 2.5 0. 0.
31 Crops and Town 0.18 0.1 0.9 0.1 4.5 1. 0.
32 * Dry Tropical Woods 014 055 091 06 6.0 2.5 0.6
33 * Tropical Rainforest 0.12 2. 096 096 9.3 9.3 0.95
34 Tropical Degraded Forest 0.14 055 091 06 6.0 25 0.6
35 Corn and Beans Cropland 0.18 0.1 0.9 0. 25 0. 0.
36 * Rice Paddy and Field 0.15 0.06 0.9 0.1 4.5 0. 0.
37 * Hot Irrigated Cropland 0.18 0.05 0.6 0. 4. 0. 0.
38 * Cool Irrigated Cropland 0.18 0.05 0.6 0. 3. 0. 0.
40 * Cool Grasses and Shrubs 0.19 006 044 O 15 0. 0.
41 * Hot and Mild Grasses & Shrubs 0.2 0.1 044 0. 15 0.1 0.
42 Cold Grassland 0.19 0.03 044 O. 15 0. 0.
43 * Savanna (Woods) 0.16 025 053 0.3 1.9 1.0 0.4
44 * Mire, Bog, Fen 0.12 0.03 0.6 0. 2.5 0.1 0.

45 Marsh Wetland 0.12 0.03 0.6 0. 25 0.1 0.
46 * Mediterranean Scrub 0.15 046 0.8 0.67 4.3 3.0 0.4
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Type Global Ecosystems Legend &g ZHveg &9 & d LAIg LAId ¢

47 *  Dry Woody Scrub 0.16 026 085 O. 4.7 0.1 0.4
48 Dry Evergreen Woods 0.18 0.04 034 O 1.2 0. 0.3
50 * Sand Desert 0.28 0.005 O. 0. 0. 0. 0.
51 * Semi Desert Shrubs 0.28 0.005 0.15 O. 0.5 0. 0.
52 Semi Desert Sage 0.28 0.005 0.15 oO. 0.5 0. 0.
53 * Barren Tundra 0.17 0.03 055 O. 2.1 0. 0.
54 Cool South. Hemi. Mix-Forests 0.16 0.65 0.86 0. 4.8 0.1 0.8
55 * Cool Fields and Woods 019 01 0.9 0.1 3. 0. 0.3
56 * Forest and Field 0.18 0.17 0.9 0.3 6. 3. 0.5
57 * Cool Forest and Field 0.18 0.17 0.9 0.2 4, 1. 0.5
58 * Fields and Woody Savanna 019 01 0.9 0.2 5. 2. 0.3
59 * Succulent and Thorn Scrub 0.2 0.03 0.86 0.3 4.8 1. 0.4
60 Small Leaf Mixed Woods 0.15 1. 0.76 0. 3.8 0.1 0.8
61 Deciduous & Mix. Boreal Forest 0.16 0.65 0.86 O. 4.8 0.1 0.8
62 Narrow Conifers 015 031 0.73 O. 35 0.1 04
63 * Wooded Tundra 0.18 0.05 0.7 0.15 32 0.5 0.2
64 * Heath Scrub 0.2 0.1 0.85 0. 4.7 0.1 0.
69 * Polar and Alpine Desert 0.28 0.005 O. 0. 0. 0. 0.
72 * Mangrove 0.12 129 09 095 o 9. 0.9
76 Crop and Water Mixtures 0.15 0.06 0.9 0.1 4.5 0. 0.
78 Southern Hemi. Mixed Forest 0.16 065 0.86 O 4.8 0.1 0.8
89 Moist Eucalyptus 0.16 0.65 0.86 O. 4.8 0.1 0.8
90 * Rain Green Tropical Forest 012 2. 096 096 9.3 9.3 0.95
91 * Woody Savanna 0.16 025 053 0.3 1.9 1.0 0.4
92 Broadleaf Crops 0.17 0.175 0.9 0.2 5. 2. 0.3
93 Grass Crops 0.185 0.065 0.72 0. 2. 0. 0.
94 Crops, Grass, Shrubs 019 01 0.9 0.1 3. 0. 0.
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Table 2: Corrected and improved parameter values
As in Table 1, ecosystem types not occurring in the satellite dataset are excluded from the,jaisleivn in

mm and g egin m.

Type Global Ecosystems Legend ag Hveg W9 ¢ d  LAIg LAl ¢ Wava  fowp

1 Orban 0.2 2.9 0. 0. 0. 0. 0. 0. 0.40

2 Low Sparse Grassland 0.19 0.03 053 004 175 012 o 580. 0.45
3 Coniferous Forest 0.13 1. 096 095 9.2 9.0 0.9 130. 0.41
4 Deciduous Conifer Forest 0.13 1. 0.56 0. 3.6 0.1 0.56 155. 0.45
5 Deciduous Broadleaf Forest 0.16 1. 0.88 0. 5.2 0.1 0.85 240. 0.53
6 Evergreen Broadleaf Forests 0.16 068 0.99 0.97 9.9 9.5 0.95 220. 0.38
7 Tall Grasses and Shrubs 0.2 0.1 0.7 0.26 2.2 0.76 0. 590. 0.35
8 Bare Desert 0.28 0.005 O. 0. 0. 0. 0. 100. O.

9 Upland Tundra 0.17 0.03 064 0.07 23 0.4 0. 60. 0.33
10  lIrrigated Grassland 0.16 0.03 0.9 0.1 4.5 0. 0. 450. 0.49
11  Semi Desert 0.28 0.005 0.1 0. 0.46 O. 0. 45, 0.51
12  Glacier Ice 0.7 0.005 O. 0. 0. 0. 0. 0. 0.

13  Wooded Wet Swamp 0.12 0.03 0.73 0.67 35 3.0 0. 235. 0.50
14 Water 0.07 0.0002 O. 0. 0. 0. 0. 0. 0.

16  Shrub Evergreen 0.165 055 0.6 0.22 6. 2.2 0.35 800. 0.46
17  Shrub Deciduous 016 026 045 0.08 46 045 0.22 140. 0.33
19  Evergreen Forest and Fields 0.16 025 0.78 03 6. 3. 0.3 200. 0.47
20  Cool Rain Forest 0.12 2. 096 096 93 9.3 0.95 70. 0.34
21  Conifer Boreal Forest 0.13 1. 0.5 0.5 5.5 55 0.44 185. 0.32
22 Cool Conifer Forest 0.13 1. 0.7 035 9.2 4.4 0.66 380. 0.49
23  Cool Mixed Forest 0.15 1. 095 0.02 4.2 0.1 0.95 140. 0.40
24 Mixed Forest 0.16 068 093 0.3 7. 1. 0.8 300. 0.1
25  Cool Broadleaf Forest 0.16 1. 0.88 0.17 5.2 051 085 210. 0.43
26  Deciduous Broadleaf Forest 0.16 1. 088 0.26 5.2 0.79 085 250. 0.51
27  Conifer Forest 0.13 1. 087 031 97 4.4 0.84 250. 0.49
28  Montane Tropical Forests 0.15 055 086 077 48 4.0 0.5 630. 0.47
29  Seasonal Tropical Forest 0.12 2. 099 071 9.1 274 098 200. 0.52
30 Cool Crops and Towns 0.18 0.1 0.9 036 25 185 O. 310. 0.50
31 Crops and Town 0.18 0.1 0.9 0.16 4.5 11 0. 450. 0.50
32  Dry Tropical Woods 0.14 055 096 022 6.1 25 0.63 470. 0.46
33  Tropical Rainforest 0.12 2. 096 096 9.3 9.3 095 235. 0.52
34  Tropical Degraded Forest 014 055 086 024 596 24 0.57 460. 0.50
35 Corn and Beans Cropland 0.18 0.1 0.9 0.08 25 0.4 0. 250. 0.495
36 Rice Paddy and Field 0.15 0.06 095 0.1 4.6 0. 0. 350. 0.49
37  Hot Irrigated Cropland 0.18 0.05 0.8 0.25 4.4 1.3 0. 390. 0.51
38  Cool Irrigated Cropland 0.18 0.05 0.6 0. 3. 0. 0. 370. 0.48
40  Cool Grasses and Shrubs 0.19 0.06 0.6 001 1.9 0.05 0. 480. 0.42
41  Hot and Mild Grasses & Shrubs 0.2 0.1 053 0.17 171 05 0. 680. 0.44
42  Cold Grassland 019 003 094 018 15 289 0. 270. 0.52
43  Savanna (Woods) 016 025 095 0.25 3. 091 04 900. 0.47
44  Mire, Bog, Fen 0.12 0.03 0.6 0. 25 0.1 0. 120. 0.38
45  Marsh Wetland 0.12 0.03 0.6 0. 2.5 0.1 0. 800. 0.55
46  Mediterranean Scrub 015 046 0.8 0.2 4.3 2.5 0.4 480. 0.54
47  Dry Woody Scrub 0.16 0.26 0.8 0.26 4.6 0.8 0.38 600. 0.47
48  Dry Evergreen Woods 0.18 0.04 0.6 0.3 1.8 1.7 0.53 400. 0.46
50 Sand Desert 0.28 0.005 O. 0. 0. 0. 0. 100. O.

51  Semi Desert Shrubs 0.28 0.005 0.27 0.1 0.83 056 O. 500. 0.40
52  Semi Desert Sage 0.28 0.005 0.39 O. 1.18 O. 0. 860. 0.425
53  Barren Tundra 0.17 0.03 0.19 O. 1.89 0. 0. 60. 0.30
54  Cool South. Hemi. Mix-Forests 0.16 0.65 0.86 O. 4.8 0.1 0.8 80. 0.45
55  Cool Fields and Woods 019 0.1 0.9 0.2 3. 0.9 0.3 140. 0.445
56  Forest and Field 0.18 0.17 0.97 0.2 6.1 2.2 0.54 180. 0.47
57  Cool Forest and Field 0.18 0.17 0.9 0.2 4, 1. 0.5 230. 0.485
58  Fields and Woody Savanna 0.19 0.1 095 0.28 5.1 2.1 0.32 620. 0.1
59  Succulent and Thorn Scrub 0.2 0.03 056 0.19 47 092 0.26 820. 043
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Type Global Ecosystems Legend a4 ZHveg W9 & d  LAIg LAID ¢ Wava  fowp

60  Small Leaf Mixed Woods 0.15 1. 0.53 0. 369 0.1 0.53 240. 0.39
61  Deciduous & Mix. Boreal Forest 0.16 0.65 0.57 0. 4.7 0.1 0.53 140. 0.495
62  Narrow Conifers 0.15 031 053 0. 3.38 0.1 0.29 240. 0.34
63  Wooded Tundra 0.18 0.05 055 0.15 3.07 05 0.16  85. 0.35
64  Heath Scrub 0.2 0.1 0.5 0. 4.6 0.1 0. 90. 0.45
69  Polar and Alpine Desert 0.28 0.005 O. 0. 0. 0. 0. 35. 0.43
72  Mangrove 0.12 129 095 095 o 9. 0.9 290. 0.50
76  Crop and Water Mixtures 0.15 0.06 065 0.12 44 0.16 0. 2000. 0.575
78  Southern Hemi. Mixed Forest 0.16 0.65 0.8 0. 4.7 0.1 0.75 235. 0.40
89  Moist Eucalyptus 0.16 065 085 055 48 2.8 0.8 270. 0.55
90 Rain Green Tropical Forest 0.12 2. 096 096 9.3 9.3 0.95 360. 0.42
91  Woody Savanna 016 025 053 033 19 1.06 04 490. 0.50
92  Broadleaf Crops 0.17 0.175 094 0.25 5. 23 0.31 360. 0.49
93  Grass Crops 0.185 0.065 0.72 O. 2. 0. 0. 140. 047
94  Crops, Grass, Shrubs 0.19 0.1 0.67 0.2 2.7 0.8 0. 490. 0.465
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Fig. 1.Background albedo at 0.5 degree resolution tha} associated with the 1 km ecosystem dateris
assigned an albedo of 0.07), ddused in ECHAM4 according ©laussen et a1994)(Wateris assigned an
albedo of 0). Colour scale in 0.02 steps.
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Fig. 2.Roughness length due to vegetation and land use at 0.5 degree resoluticm) thedasiated with the 1
km ecosystem data, abylused in ECHAM4 according @laussen et a1994). Colour scale in 0.1 m steps.
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Fig. 3. Fractional vegetation at 0.5 degree resolution tha} éssociated with the 1 km ecosystem datajand
used in ECHAM4 according tGlaussen et al(1994). Colour scale in 10% steps.
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Fig. 4.Mean leaf area index at 0.5 degree resolution thetassociated with the 1 km ecosystem datadnd
used in ECHAM4 according tGlaussen et al1994). Colour scale in 0.5 steps.
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Forest ratio (0.5 degree) associated with the 1 km global ecosystems

0.00 20. Nov. 1998, by Stefan Hagemann, MPI 1.00

Fig. 5.Forest ratio at 0.5 degree resolution associated with the 1 km ecosystem data.
Gray scale in 10% steps.

Forest ratio (0.5 degree) according to Claussen et al. (1994)

0.00 20. Nov. 1998, by Stefan Hagemann, MPI 1.00

Fig. 6.Forest ratio at 0.5 degree resolution that is used in ECHAM4 accordiigussen et al1994).
Gray scale in 10% steps.
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a)

Fig. 7.fpar in the growing season at 0.5 degree resolution tldtissociated with the 1 km ecosystem data, and

1998). Colour scale in 10% steps.
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b) maximum par according tdknorr (1997
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Fig. 8.Mean fR at 0.5 degree resolution associated withethe km ecosystem data

(1994). Colour scale in 10% steps.
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Fig. 9. Sail field capacity at 0.5 degree resolution thaf) isssociated with the 1 km ecosystem dataansed

in ECHAM4 according tdPatterson(1990). Colour scale in 100 mm steps.
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Fig. 10.Plant available water capacity at 0.5 degree resola)iassociated with the 1 km ecosystem databand

according tKleidon (1998). Colour scale in 100 mm steps.
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New mean vegetation ratio (0.5 degree) over Europe in [%]
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Fig. 11.New mean fractional vegetation associated with the 1 km ecosystem data at 0.5 degree resolution.
Gray scale in 10% steps.

Old vegetation ratio (0.5 degree) over Europe in [%]
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Fig. 12.0Id fractional vegetation according@aussen et a1994) at 0.5 degree resolution.
Gray scale in 10% steps.
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Vegetation ratio (0.1 degree) in the growing season over Europe
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Fig. 13.Vegetation ratio in the growing season associated with the 1 km ecosystem data at 0.1 degree resolution.
Gray scale in 10% steps.

Vegetation ratio (0.1 degree) in the dormancy season over Europe in [%]
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Fig. 14.Vegetation ratio in the dormancy season associated with the 1 km ecosystem data at 0.1 degree resolution.
Gray scale in 10% steps.

-34 -



