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Introduction
Climate  projections  for  the  21st century 

show an  increase  in  near  surface  tempera­
tures  across  Europe  (Giorgi  &  Bi  2005, 
Déqué et  al.  2005).  The probability of  ex­
treme  events,  i.e.,  floods,  heat  waves,  and 
droughts, are also predicted to increase near 
in the future (e.g., Christensen & Christensen 
2003,  Schär  et  al.  2004,  Seneviratne  et  al. 
2006). Modelling studies have shown the in­
fluence of land surface characteristics on cli­
mate  simulations (Pitman 2003,  Brovkin  et 
al.  2006)  that  can alter  the climate  change 

signal. On a finer scale, the land surface de­
scription will become increasingly important 
due to feedback effects on the local climate. 
Information  about  land  cover  can  be  ga­
thered  from either  terrestrial  measurements 
or remote sensing.

Following the launch of the first earth ob­
servation  satellite  in  1972,  information  ex­
tracted from remote sensing has been applied 
by environmental  scientists as a continuous 
and up-to-date source of spectral/spatial data 
to represent different attributes of the earth 
surface  in  general,  as  well  as  vegetation 
cover  in  particular.  The present  review fo­
cuses on integrating monitoring and remote 
sensing methods for improved representation 
of forest cover in climate models. Two im­
portant  vegetation-related  land-cover  attri­
butes including Leaf Area Index (LAI)  and 
background  albedo  (i.e.,  the  albedo  of  a 
snow-free surface) have been selected to il­
lustrate  how  they  could  be  derived  using 
methods  based on airborne/space borne re­
mote sensing data. In addition, an example is 
given of their practical application in a re­
gional climate model.

The role of LAI and Albedo in the 
land surface processes

Climate determines the spatial distribution 
of  forests,  which  is  affected  by  climate 

change (e.g.,  Mátyás 2008). In turn, forests 
modify water and energy exchanges between 
land and atmosphere due to their Leaf Area 
Index (LAI), lower albedo and higher rough­
ness length. Here, LAI and albedo have been 
selected  as  two  key  parameters  in  climate 
models which can be routinely derived from 
remote sensing data products. According to 
NASA definition, LAI is the one-sided green 
leaf  area per unit  ground area in broadleaf 
vegetation canopies, which is approximated 
by  half  the  total  needle  surface  area  in 
coniferous  canopies  (see  NASA-LAI  - 
http://modis-land.gsfc.nasa.gov/lai.htm).  In 
climate  models,  LAI  influences  evapotran­
spiration  and  the  precipitation  interception 
capacity, which are the major components of 
the surface thermal and moisture balance of 
the hydrological cycle. It is a driver for many 
other vegetation exchange processes such as 
photosynthesis (Wilfong et al. 1967) and car­
bon flux (Inoue & Olioso 2004). LAI is also 
a major indicator of stress in forests. 

Solar radiation is the main source of energy 
for the global climate system. After interac­
ting with the atmosphere, where the radiation 
is  partly  absorbed  and  partly  scattered,  a 
fraction of the incoming solar radiation is ab­
sorbed at the earth’s surface. The remainder 
is reflected back to the atmosphere. The ratio 
of this reflected energy to the incoming ra­
diation is called the surface albedo (Post et 
al.  2000).  Albedo  describes  radiation  pro­
cesses at the atmosphere-land surface boun­
dary and determines the energy budget of the 
earth’s surface in the models. 

Deriving LAI from remote sensing
Remote  sensing  data  and  techniques  can 

complement existing ground-based measure­
ment of LAI. In other words, measurements 
extracted from remotely sensed data are ge­
nerally  referred  to  as  “indispensable  com­
ponents”, which are necessary for modelling 
and simulating ecological variables and pro­
cesses (Zheng & Moskal 2009). The consi­
stency of LAI over different spatial resolu­
tions makes it an ecologically-relevant para­
meter  for  multi-scale  research  that  ranges 
from leaf to landscape, and to regional scales 
(Wulder & Franklin 2003). 

Both active  (detection  of  the  reflected  or 
emitted  electromagnetic  radiation  from  na­
tural energy sources) and passive (detection 
of reflected responses from objects that are 
irradiated from artificially-generated energy 
sources)  remote  sensing  forms  have  been 
used  to  retrieve  LAI  on  various  spatial 
scales. Despite the possible biases in estima­
ting  LAI  as  a  result  of  shadow effects  in 
forest  canopies,  airborne  optical  sensors 
have  been  widely  used  for  LAI  extraction 
from fine-scale airborne imagery,  either for 
modelling the time-course of LAI (e.g., Kotz 
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Land surface plays a key role in a climate system. Thus, the land surface de­
scription will become increasingly important for climate modelling by its feed­
backs on the climate. Various forms of active/passive remotely sensed data are 
nowadays being used to provide continuous and up-to-date information on the 
earth’s surface on both global and regional scales. This information is useful to 
be included in climate models. This review summarizes how LAI and albedo, 
two of the most important land surface parameters, could be derived from re­
mote sensing. Whereas the high acquisition frequency, accessibility, and spa­
tial continuality are referred to potential advantages, the scaling is still a draw­
back which may cause further problems such as incompatibility of different re­
mote sensing data sources for a specific climate model. Moreover, issues like 
shadow and atmospheric effects are often problematic, especially when optical 
remote sensing is applied. Here, suggestions for improvement are made and 
open questions are pointed out.
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et al. 2004,  Gonzalez-Sanpedro et al. 2008) 
or to correlate the remotely sensed spectral 
features  and  LAI  measured  on  the  ground 
(e.g., Wardley & Curran 1984, McAllister & 
Valeo 2007, Lee et al. 2004). 

To relate LAI and different pixel-based ve­
getation indices (e.g., Normalized Difference 
Vegetation  Index),  various  regression  tech­
niques have been applied. These techniques 
estimate  LAI from the spectral indices like 
NDVI  on  a  regional  and  landscape  scale, 
mainly  using  visible/infrared  Landsat  data 
(Cohen  et  al.  2003,  Soudani  et  al.  2006). 
Though the use of satellite data in LAI re­
trieval may be affected by problems such as 
the nonlinearity of the LAI/vegetation index 
relationship  (which  forces  the  use  of  non- 
linear models) or background reflections in 
pixel values (which might cause biased LAI 
estimation), medium resolution satellite data 
are  extensively  used  as  a  valuable  LAI 
source for regional climate models. 

Active  remote  sensing  forms,  i.e.,  Radio 
Detection and Ranging (RADAR) and more 
recently Light Detection and Ranging (LiD­
AR), have also been used to obtain useful in­
formation  about the structural  and physical 
dimensions of forests and other types of land 
cover. To ensure the independence of active 
remote  sensing  systems  from  cloud  cover 
and the saturation of vegetation index, they 
are  generally  used  instead  of  (or  together 
with) optical remote sensing forms. Only oc­
casionally,  RADAR  data  (Brakke  et  al. 
1981) as well as LiDAR (Kwak et al. 2007, 
Pang et al. 2009) have been used in LAI re­
trieval on regional scales. Pang et al. (2009) 
found that different forest types (needle leaf 
and  broadleaf)  show different  relationships 
between LiDAR return ratio and LAI.  Yet, 
they evaluated the data as a suitable source 
for large scale mapping of LAI in forests, as 
it was strongly correlated to field-measured 
LAI. 

Background albedo from remote 
sensing

Although point measurements can be made 
with  field  observations,  remote  sensing of­
fers a reliable and accurate way to estimate 
albedo on a regional scale. Given appropriate 
atmospheric modelling tools, optical remote 
sensing instruments can measure the surface 
reflectance in particular directions and illu­
mination  angles  dictated  by  the  scanning 
mechanism and the trajectory characteristics 
of the platform. Lewis et al. (1999) used the 
data  from an  Airborne  Solid-state  Imaging 
Spectrometer (ASAS) to estimate integrated 
reflectance properties related to albedo. The 
results were compared with the results of a 
linear model of surface bi-directional reflec­
tance and validated using the field-recorded 
albedo measurements. The ASAS-derived al­
bedo agreed well with those collected in the 
field. 

Surface albedo has also been derived from 
medium-resolution  remote  sensing  features 
(mainly in the visible/near infrared domain). 
This  has  been  tested,  optimized  and  cali­
brated by other studies to be used in regional 
climate models (e.g., Liu et al. 1994, Kawata 
& Ueno 1995,  Lucht et al. 2000,  Richter et 
al. 2008). 

Albedo has already been estimated on mi­
cro scale. However, its values tend to vary as 
the scale becomes coarser. This makes it dif­
ficult  to model  it  on macro scales,  particu­
larly  when  terrestrial  ecosystems  are  mo­
nitored.  For example,  Liu et  al.  (2008) de­
rived  course  resolution  albedo  on  a  1-km 
scale  Advanced  Very High  Resolution Ra­
diometer (AVHRR) data using the informa­
tion extracted from 30-m resolution Thema­
tic Mapper (TM) by two methods including 
arithmetic averaging of the albedo values re­
trieved  from  TM  data  and  direct  retrieval 
from AVHRR data.  Using  a  corrective  al­
gorithm,  they  managed  to  considerably re­
duce the scaling errors on a regional course 
scale. 

Land surface representation in the 
regional climate model REMO: a 
practical example

The REgional climate MOdel (REMO) is a 
three dimensional hydrostatic model for the 
atmosphere (Jacob 2001,  Jacob et al. 2001). 
The  model’s  prognostic  variables  include 
surface  pressure,  horizontal  wind  compo­
nents, temperature,  water  vapour and cloud 
water content. REMO has been successfully 
tested and validated for several countries and 
regions (e.g.,  Raschke et al.  1998,  Jacob et 
al. 2005, Hagemann & Jacob 2007) with ho­
rizontal resolutions of 10 km, 20 km, and 50 
km. 

Land surface processes in REMO are con­
trolled  by  physiological  vegetation  proper­
ties such as LAI, fractional vegetation cover, 
background albedo, surface roughness length 
due to vegetation, forest ratio, and soil water 
holding capacity.  For each land cover type, 
these  vegetation  fields  are  allocated  in  the 
global  dataset  of  Land  Surface  Parameters 
(Hagemann  et  al.  1999,  Hagemann  2002). 
This information is aggregated to the model 
grid scale, by averaging the vegetation para­
meters of all land cover types located in each 
grid cell,  weighted by their fractional areas 
within the cells. 

Whereas albedo, LAI, and fractional vege­
tation  cover  display  an  annual  cycle,  the 
other parameters remain constant throughout 
the year. The seasonal variation in the LAI 
between its minimum and maximum value is 
provided  using  the  monthly  growth  factor 
(Hagemann 2002),  which  is defined by the 
fraction of absorbed Photosynthetically Act­
ive  Radiation (FPAR) in low and mid-lati­
tudes.  A  global  distribution  of  FPAR  has 
been  derived  from  Berthelot  et  al.  (1994), 

based  on  NOAA-AVHRR  data  (Knorr 
1997). 

For the parameterization of background al­
bedo, global distributions of soil and vegeta­
tion albedo have been produced (Rechid et 
al.  2007).  They are  derived  from remotely 
sensed  MODIS  (Moderate-Resolution  Ima­
ging Spectroradiometer) products of the al­
bedo  for  total  short-wave  broad bands  and 
the FPAR. The separated soil and vegetation 
albedo  database  can  be  applied  in  climate 
modelling to describe the annual background 
albedo cycle  as a function of the monthly-
varying LAI (Rechid et al. 2007). 

As  well  as  many  other  regional  climate 
models, REMO works with fixed vegetation 
parameters  per  month,  which  have  to  be 
tested by comparing against periodical field 
observations  or  fine-scale  remote  sensing 
data. For example, Blümel & Reimer (2009) 
calculated  high-resolved  LAI  values  of 
NOAA  data  for  validation  and  compared 
them to  the  fixed  LAI  values  which  were 
used  in  the  REMO  model.  The  results 
demonstrated  the  vegetation  development 
within the land-use classes well. In addition 
to the seasonal variations and the influence 
of various weather conditions on vegetation 
growth was also reflected in the calculated 
LAI values. 

Discussion and conclusion
The  practical  importance  of  adequate  re­

presentation of forest  cover in regional cli­
mate  models  is  increasing with  land cover 
change through climate change,  natural ve­
getation  dynamics,  or  land  use  that  have 
been shown to greatly affect climate. 

Field observations play a crucial role in un­
derstanding water and energy exchange pro­
cesses and validating the results of climate 
models.  But measuring albedo and LAI on 
longer time scales and over large regions re­
quires a great effort. Most observed data in a 
specific  area are hardly adaptable for  other 
regions.  Alternatively,  the basic advantages 
of  remote  sensing  techniques  against  field 
observations are the following: 
• They can provide continuous information 

over  large  areas,  whereas  field  observa­
tions are carried out only at  selected sta­
tions. 

• Depending  on  the  type  of  commercial 
sensor and spatial resolution, collection in­
tervals of remote sensing data range from 
daily to  monthly,  whereas  field  measure­
ments cover often short-term periods. 
However,  there  are  some  uncertainties 

which  may cause biases  in  LAI estimation 
using remote sensing data, including shadow 
and  atmospheric  effects  in  forest  canopies 
(particularly  in  case  of  optical  data),  non- 
linearity  of  LAI/vegetation  index  relation­
ships,  and background reflections in NDVI 
values. 

The spectral and radiometric problems can 
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be reduced integrating the new active remote 
sensing.  High-density  3D  topographic  in­
formation  (e.g.,  Airborne  Laser  Scanning) 
and  sub-canopy  and  cloud-independent  in­
formation on stand structure (e.g., RADAR 
systems) could be the most important areas 
for  further  development  in  this  field.  Al­
though  LiDAR height  metrics  improve  the 
LAI estimation in forested areas (Pang et al. 
2009), the use of them is still associated with 
high acquisition costs, especially when gath­
ering small footprint data. 

To overcome the possible non-linearities in 
regression analysis, the application of distri­
bution-free  models,  i.e.,  non-parametric 
methods,  could  be  effective  when  spatial 
prediction of LAI from remote sensing pre­
dictors  is  of  particular  interest.  The mode­
rate-resolution  imagery,  when  combined 
with relevant indices (e.g., Soil Reflectance 
Index), were shown to be accurate predictors 
for non-parametric modelling of LAI in re­
gional scales (Fang & Liang 2005). 

For the regional climate model REMO, the 
following  remote  sensing-supported  im­
provements would be useful for forest cover 
description: 
• Forest-types could be distinguished in de­

tail using commercial remote sensing data 
featuring higher spectral/spatial resolution. 
As a consequence it may also be possible 
to allocate the annual cycle of albedo and 
LAI to each forest type. Therefore, regio­
nal differences  in  LAI and albedo of  the 
different forest types could be shown.

• Annual cycles  of  other  important  vegeta­
tion parameters, e.g., roughness length due 
to vegetation, could be described.
As  a  drawback,  the  scaling  (resolution) 

problem is one of the existing challenges to 
find  the  most  suitable  remote  sensing data 
for  climate  modelling  purposes.  For  ex­
ample, LAI is consistent over different spa­
tial  resolutions  (Zheng  &  Moskal  2009), 
whereas albedo values show a relatively high 
variability in coarser scales (Liu et al. 2008) 
and  depend  on  various  factors  (e.g.,  solar 
zenith angle, satellite sensors, imaging time, 
local  soil  characteristics,  and  soil  moisture 
content). 

Thus, a synthesis of research methods, i.e., 
to obtain the best data/area compatibility at 
the least  costs,  seems a future  challenge to 
develop an effective remote sensing-suppor­
ted characterization of  vegetation  attributes 
for  climate  models.  More  intense  interna­
tional  collaboration  in  improving  remote 
sensing  and  incorporating  the  resulting  in­
formation  into  climate  models  is  therefore 
essential. 
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