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ABSTRACT

Surface albedo is defined as the ratio of the reflected to the incident solar

radiation on the earth’s surface. Some general circulation model simulations indicate that

an increase in albedo due to desertification and deforestation may lead to reduction in

precipitation and evapotranspiration. The monthly mean of an earlier surface albedo

dataset and MODIS are used to examine the surface albedo spatial and temporal

variations of Africa. In order to study surface albedo temporal variations the African

continent is divided into three regions: northern, equatorial and southern. Even though

every month is analyzed, only the four months of February, April, July and November are

discussed.

In the northern region both the earlier dataset and MODIS the surface albedo showed

the largest annual range in surface albedo in the semi-arid and arid areas. It is in these

areas where the Meteosat surface albedo values were highest. While MODIS also showed

a similar annual range in these areas, however this range was over a much smaller area.

The spatial variations in surface albedo in the northern region depict the geographical

features of the region.

Also in the semi-arid and arid areas of the northern region is where the two datasets

most differed. The largest differences between the datasets occur in February, which is

during the dry season. It is in these areas where the largest surface albedo values were

found and these areas are near or are west of major dust sources.

In the southern region as was the case in the northern region the semi-arid and arid

areas had the largest annual ranges. In the southern region the actual surface albedo for

the semi-arid and arid region are lower than the surface albedo in the northern region for

the same areas. The two datasets differ the most in the semi-arid and arid areas.

To further understand the temporal and spatial variations of surface albedo, two land

cover classification schemes were examined. MODIS uses the International Geosphere-

Biosphere Programme 17-land cover scheme. A second land cover dataset was created

from White/UNESCO vegetation map to be used with the earlier surface albedo dataset.

In some areas the maximum albedo occur in the wet season while in other areas

maximum albedo occur in the dry season. In the areas where maximum albedo occurs in

the wet season, vegetation tended to be the major factor in determining surface albedo. In
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Charney’s classic 1975 paper he theorized that a reduction in vegetation would lead to an 

increase in surface albedo, which in turn would lead to a reduction in precipitation. In this

for a majority of the vegetation groups minima in surface albedo and NDVI occur at the

same time of year. These findings do not support Charney’s theory that a reduction in 

vegetation will lead to an increase in surface albedo. Surface albedo may be influenced

by an increase in reflective surfaces.

One of the objectives of understanding the spatial and temporal variations in surface

albedo is to compare model calculated surface albedo to satellite derived surface albedo.

A Comparison of Biosphere-Atmosphere Transfer Scheme, Land Surface Model to

Advanced Very High Resolution Radiometer lead to the parameterized albedo in the

Community Land Model version 2 to be adjusted. As satellite instrumentation improves

so must the land surface process of general circulation models. This study shows that the

parameterized surface albedo in Community Land Model version 2 still may not correctly

represent the semi-arid and arid regions of Africa. The parameterized vegetation and soil

albedo values are still too low.
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CHAPTER ONE

INTRODUCTION

Surface albedo is defined as the ratio of the reflected to the incident solar radiation on

the earth’s surface. As the accuracy of satellite-measured albedo improves, current

representation of land surface albedo in General Circulation Models (GCMs) must also

improve. Surface albedo is a major contributor to the surface radiation budget and

influences surface temperatures and evapotranspiration. Thus surface albedo has a strong

influence on climate. Studies have shown that errors in surface albedo in GCMs also lead

to serious biases in surface temperature and evapotranspiration [Bonan, 1998].

As surfaces change so does albedo. Anthropogenic activity has lead to an alteration of

albedo through vegetation changes [Henderson-Sellers et al, 1983]. Some GCM

simulations suggest that an increase in albedo due to desertification and deforestation

may lead to a reduction in precipitation and evapotranspiration [Dickinson and

Henderson-Sellers, 1988; Xue et al., 1990; Zhou et al., 2003]. Model simulations indicate

a 5 % increase in albedo may result in a 5% to 20 % decrease in precipitation [Charney,

1975, Charney et al, 1977, Henderson-Sellers et al., 1992]. Even though albedo has been

observed for a long time, there currently is no global map of albedo with high accuracy.

The need to incorporate more detailed processes into the climate models places more

emphasis on albedo. This map can only be created through satellite measurements.

The calculation of surface albedo is not simple. At each step errors occur and these

errors accumulate. Surface albedo is strongly dependent on solar zenith angle and the

three dimensional structure of vegetation. Due to atmospheric effects, satellite derived

surface albedo needs to be adjusted. The dependence on solar angle and view, a

Bidirectional Reflectance Distribution Function (BRDF) is used to reconstruct surface

albedo. In remote sensing BRDF accounts for the fact that objects look different when

viewed from a different angle. BRDF gives the lower radiometric boundary condition for

any radiative transfer problem in the atmosphere and thus is relevant for climate

modeling and investigations into the energy budget. The narrow band measured

radiances must be converted to broadbands, which are used in climate models.

Current climate models require albedo estimates for a monthly timescale to be accurate

within 0.01 to 0.05 but most General Circulation Models (GCMs) either use prescribed
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parameters for albedo values for a specific vegetation class or use inaccurate maps of

albedo. This is one of the reasons that prompted Ba et al. in 2001 to use Meteosat data

acquired during 1983-1988 to examine a satellite derived radiation budget (SRB) over

Africa. Ba et al. (2001a) adjusted the albedo values from Meteosat to reflect corrections

of the sun zenith angle effects on the estimated albedo. Their study described temporal

and spatial variations of albedo over the African continent by examining land albedo,

downward solar radiation and net radiation.

This study has three objectives. The first part of this study is to determine the normal

spatial and temporal variations of surface albedo over Africa from satellite derived

surface albedo. In this first part of the study the mean monthly surface albedo calculated

by Ba et al (2001) from the Meteosat data over the African Continent and Moderate

Resolution Imaging Spectroradiometer (MODIS) monthly albedo from 2001 are used in

the analysis. The MODIS surface albedo dataset was used in the study because of the

improvements in satellite instrumentation and because it is one of the newest dataset is

surface albedo derived from MODIS measurements. However because MODIS is so new

there are only a few years of data available and for this reason the Meteosat dataset was

used. Ba et al. (2001) suggested that there maybe errors in his calculated surface albedo

data because of atmospheric effects and the methods used to calculate the albedo may not

be sufficient for the desert and semi-desert areas. It is expected for the two to differ since

MODIS data only encompasses ones year while the Meteosat monthly data is a five-year

average. In order to explain the surface albedo spatial and temporal variations of Africa,

the classification of land cover over Africa will need to be examined.

This leads to the second objective of the study. What is the relationship between

vegetation and surface albedo? What are typical minima and maxima values in surface

albedo? How is seasonality of vegetation related to the annual range of surface albedo?

These are questions this study will try to answer in the second part of the study.

The final objective is to determine if the parameterized vegetation albedo used by land

schemes in GCMs adequately represent what is obtained from remotely sensed data.

There are parameterized albedo values for each vegetation class used in the scheme and

these albedo values are usually based on 10-year averages. GCM simulations are used to

give scientists insight on how changes in surface albedo may affect the earth’s climate. 
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CHAPTER TWO

DATA

Satellite measured radiances have resulted in the creation of numerous surface albedo

datasets. This study uses two datasets created from different satellites. One of these

datasets is the Meteosat monthly mean surface albedo dataset derived from satellite

measurements over the period of 1983-1987. This dataset was created by Ba et al. (2001)

for the lab and has been used in other studies. For the rest of this discussion the surface

albedo dataset created by Ba et al. (2001) will be simply referred to as Ba/Meteosat. A

second surface albedo dataset used is surface albedo derived from Moderate Resolution

Imaging Spectroradiometer (MODIS) measurements, which is one of the newer datasets.

Surface albedo products from MODIS have been available since July 2000. The

2001MODIS albedo dataset used in this study is obtained from the ISLSCP initiative II

project.

2.1 Ba/Meteosat surface albedo dataset

The Ba/Meteosat surface albedo dataset is calculated from Meteosat B2 data and is in

the International Satellite Cloud Climatology Project (ISCCP) B2 format. Meteosat is

comprised of 4 geostationary satellites The B2 image has a 30-km spatial resolution and

the albedo product is mapped to 0.25
0
X 0.25

0
ISCCP grid boxes. The Ba/Meteosat

shortwave and albedo products are degraded from 30-km resolution by averaging all the

pixels contained in each of the grid boxes (Ba et. al., 2001). The calculated albedo from

Ba/Meteosat satellite measurements is for the spectral band of 0.35 to 1.1 m.

The Ba/Meteosat data used in this study are corrected for the sun zenith angle effect

(Ba et al., 2001). Ba et al. (2001) followed Dedieu et al.’s (1987) method to derive 

downward solar irradiance (SW) and to calculate mean reflectance (psd),

dttSW

dttpE
p

o

sd


 


)(

)](1[
1 (1)

where Eo is the clear-sky solar irradiance and p is reflectance of the cloud system and t is

time [Ba et al., 2001]. Using Psd calculated in equation 2, the daily mean of surface

albedo is estimated. The surface albedo retrieved from Eq. (1) is still dependent on the

sun zenith angle. Ba et al. (2001) calculated the spatial distribution of regression statistics
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between the monthly means of surface albedo and sec () using a linear relationship. This

relationship used to account for the effect of the solar zenith angle is as follows:

)cos(

1

S

SOS BAA


 (2)

As is the corrected surface albedo and Aso is the daily mean of surface albedo. Monthly

means of albedo averaged over the period July 1983 to July 1988 were used to calculate

the coefficients Aso and B [Ba et al., 2001]. December 1983 and July 1987 are the only

months not available. A correction is only applied to regions where the determination is

statistically significant at the 99% confidence level.

2.2 MODIS surface albedo dataset

Because of improvements to satellite instrumentation over the past twenty years a

second surface albedo dataset was chosen. Because MODIS is so new, there is not

enough data to create a five-year average surface albedo dataset. Moderate Resolution

Imaging Spectroradiometer (MODIS) is an instrument aboard the Aqua (EOS PM) and

the Terra (EOS AM) satellites. These two satellites view the entire earth every 1 to 2 days

while acquiring data in 36 spectral bands between 0.405 and 14.285 m. Data are

acquired at three spatial resolutions: 25 km, 0.5 km and 1km.The viewing swath of

MODIS is 2,330 km. Only the data from the Terra platform is used for this study. The

Terra satellite passes from north to south as it passes across the equator in the morning.

The MODIS albedo used in this study is the MODIS BRDF/Albedo product

(MOD43B) for black sky albedo (directional hemispherical reflectance) at local solar

noon. This product is available in 7 spectral bands (MODIS 1-7) and 3 broadband (0.3-

0., 0.7-5.0m and 0.3 to 5.0 m) [Lucht et al., 2000; Schaaf et al., 2002]. The

broadband of 0.3 to 5.0 m was chosen because broadband radiances are used in climate

models. The black sky albedo represents a direct beam contribution. The MODIS

BRDF/Albedo product (MOD43B) depends on a multi-spectral, multi-date, cloud

cleared, atmospherically corrected reflectance and a kernel driven semiemperical BRDF

model to derive the BRDF for each 1 km gridded pixel of the land [Roujean et al.,

1992;Ross, 1981;Li and Strahler, 1992].
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The MODIS BRDF/Albedo algorithm uses a kernel-driven, linear BRDF model, which

relies on the weighted sum of an isotropic parameter and two functions (or kernels) of

viewing and illumination geometry to determine reflectance, R (Roujean et al., 1992),

R (fiso fvol () Kvol (fgeo Kgeo ( (3)

where and are solar zenith, view zenith and relative azimuth angles; Kk ( are

the model kernels; and fk ( are the spectrally dependent BRDF kernel weights of

parameters (Schaaf et al., 2002). Kvol ( is a kernel that is derived from volume

scattering radiative transfer models (Ross, 1981) and Kgeo ( is a kernel derived

from surface scattering and geometric shadow casting theory (Li & Strahler, 1992). Since

deriving BRDF and albedo requires the merging of multiple looks from each pixel, this

product is produced only every 16 days at 1 km resolution.

The 36 spectral bands measured by MODIS are converted into the three broadband

products available. It should be noted that converting spectral to broadband is a function

of the atmosphere. What this means is that spectral distribution of the solar downward

flux is dependent of the state of the atmosphere and the solar zenith angle. Since the

conversion coefficients calculated by Liang et al are derived for typical cases, some

variations of the exact results of the aerosol optical depths and solar zenith angle are

small and can affect the accuracies on the level of retrieval by only a few percent [Lang

et al., 1999].

2.3 Land cover datasets

Changes in land cover results in changes in surface albedo. Since there is no

consensus among the scientific community on which land classification scheme best

represents Africa, it is decided that two land cover datasets would be used for this study.

The International Geosphere-Biosphere Programme (IGBP) land cover land cover dataset

is frequently used studies and is the land cover scheme used in MODIS. This dataset has

the spatial resolution of 1km.and uses the geographic distribution of the IGBP land cover

classifications (Belward, 1996). The second land cover dataset is derived from White’s 

vegetation map of Africa, which has been used previously in other studies by the lab.
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The IGBP 17-land cover classification is one of the various land cover classification

systems used by models and satellites. The IGBP 17-land cover classification represents

the general structural elements of land cover. The IGBP land cover classification used by

MODIS is listed in table 2. Only categories 1 thru 16 are considered because category 0

represents bodies of water and category 17 represents unclassified vegetation. The land

cover dataset is derived from an annual time series of MODIS Nadir Bidirectional

Reflectance Distribution Function (BRDF) Adjusted Reflectance (NBAR) 16-day

products. A simple majority filter process after re-projection from a native equal area

sinusoidal projection to a 30 arc-second geographic projection amassed the data into 1

degree, ½ degree and ¼ degree spatial resolution. The ¼ degree data is used for this

study because of the strong vegetation gradient of Africa. The MODIS land cover dataset

is also obtained from the ISLSCP initiative II project.

The second land cover dataset is derived from the more detailed

UNESCO/AETFAT/UNSO [White, 1983] vegetation map of Africa. White’s vegetation 

map comprises two map sheets at a scale 1:5,000,000. This map is a compendium of

various map sources, which were integrated and synthesized by the AETFAT committee.

The vegetation classification used by UNESCO is based on physiognomy and floristic

composition not climate and it includes 80 major vegetation types. Only 37 of the 80

major vegetation types are found on the African continent. Of the 37 vegetation types

only 32 (Table 3) are used is this study. Five vegetation types were removed from this

study because they were mosaics of one or more vegetation types.  White’s vegetation 

map is used to determine the vegetation type at 1335 stations on the African continent.

The 32 remaining vegetations are categorized into 5 major categories: forest, woodland,

grass & shrub, bush & thicket and desert.
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Table 1. IGBP land cover types

Land Cover Types Description

0 Water Bodies: Oceans, seas, lakes, reservoirs, and rivers

1 Evergreen Needleleaf Forests: Lands dominated by trees

with a percent canopy cover > 60 % and heights

exceeding 2 meters. Almost all trees remain green all

year. Canopy is never without green foliage.

2 Evergreen Broadleaf Forests: Lands dominated by tree

with percent canopy > 60 % and heights exceeding 2

meters. Almost all trees remain green all year. Canopy is

never without green foliage.

3 Deciduous Needleleaf Forests: Lands dominated by tree

with percent canopy > 60 % and heights exceeding 2

meters. Consists of seasonal needleleaf tree communities

with an annual cycle of leaf-on and leaf-off periods.

4 Deciduous Broadleaf Forests: Lands dominated by tree

with percent canopy > 60 % and heights exceeding 2

meters. Consists of seasonal broadleaf tree communities

with an annual cycle of leaf-on and leaf-off periods.

5 Mixed Forests: Lands dominated by tree with percent

canopy > 60 % and heights exceeding 2 meters. Consists

of tree communities with interspersed mixtures or

mosaics of the other four forest cover types. None of the

forest types exceed 60 % of the landscape

6 Closed Shrublands: Lands with woody vegetation less

than 2 meters tall and shrub canopy cover > 60%. The

shrub foliage can either be evergreen or deciduous.

7 Open Shrublands: Lands with woody vegetation less than

2 meters tall and shrub canopy cover is between 10-60%.

The shrub foliage can either be evergreen or deciduous.

8 Woody Shrublands: Lands with herbaceous and other

understory systems and forest canopy cover of 30-60 %.

The forest cover height exceeds 2 meters.

9 Savannas: Lands with herbaceous and other understory

systems and forest canopy cover of 10-30 %. The forest

cover height exceeds 2 meters.

10 Grasslands: Lands with herbaceous types of cover. Tree

and shrub cover is less than 10%.

11 Permanent Wetlands: Lands with a permanent mixture of

water and herbaceous or woody vegetation. The

vegetation can be present is salt, brackish or fresh water.

12 Croplands: Lands covered with temporary crops followed

by harvest and bare soil periods. Note that perennial

woody crops will be classified as the appropriate forest or

shrub land cover type.

13 Urban and Built-Up: Land primarily covered by buildings

and other man-made structures.

14 Cropland/Natural Vegetation Mosaic: Lands with mosaic

croplands, forests, shrublands, and grasslands in with no

one component comprises more than 60 % of the

landscape.

15 Permanent snow and Ice: Lands under snow and/or Ice

cover throughout the year.

16 Barren and Sparsely Vegetated: Lands with exposed soil,

sand, rocks or snow that never has more than 10 %

vegetated cover during any time of the year
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Table 2 UNESCO/AETFAT/UNSO (White’s, 1983) Land cover classification
AFRICAN VEGETATION TYPE DESCRIPTION

FOREST

1A Lowland rain forest (wet)

2 Guineo-Congolian rain forest (dry)

11A Lowland rainforest

19A Undifferentiated montane forest (shrub, grass,

thicket)

WOODLAND

25 Wetter Zambezian miombo

26 Drier Zambezian miombo

27 Sudanian woodland with isoberlinia

28 Colophospermum mopane and scrub

29A Undifferentiated woodland

30 Sudanian undifferentiated woodland with

Isoberlinia

BUSHLAND & THICKET

38 E. African evergreen and semi-evergreen

39 S. African evergreen and semi-evergreen

40 Itigi deciduous thicket

42 Somalia-Masai acacia-commiphora deciduous

43 Sahel acacia wooded grassland and deciduous

bushland

44 Kalahari deciduous acacia wooded grassland and

bushland

GRASS & SHRUB

51 Bushy Karoo-Namib

52 Succulent Karoo shrubland

53 Dwarf Karoo shrubland

54 Semi-desert grassland and shrubland

55 Sub-Mediterranean semi-desert grassland and shrub

land

56 Kalahari/Karoo-Namib transition

57 Grassy shrubland

DESERT

67 Absolute desert

68 Coastal desert

69 Desert dunes without perennial vegetation

70 Desert dunes with perennial vegetation

71 Regs, hamadas and wadis

74 Namib Desert
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Figure 1 Ba/Meteosat Northern Region Surface Albedo
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CHAPTER THREE

SATELLITE SURFACE ALBEDO ESTIMATES

3.1 Ba/Meteosat Surface Albedo Estimates

The spatial and temporal variations in surface albedo over Africa are described using

Ba/Meteosat monthly mean surface albedo dataset. Surface albedo values used in this

study are the actual surface albedo values. Because of differences in spatial and temporal

patterns of albedo, the African continent is divided into three regions: northern, equatorial

and southern. The northern region is from 100N to 350N, the equatorial region is from

10
0
N to 15

0
S and the southern region is from 15

0
S to 35

0
S. The mean albedo is

calculated for each month but only the 4 months of February, April, July and November

are discussed with each month representing a season.

3.1.1 The Northern Region

The temporal and spatial patterns of the northern region are examined first. The plot of

the mean monthly albedo of the northern region for the 4 months of February, April, July

and November are shown in figure 1. February represents the dry season, April represents

the transition from the wet season to the dry season, July represents the wet season and

November represents the transition from the dry season to the wet season.

The spatial variations in the albedo depict the geographic features of Northern Africa.

A comparison of soil maps and seas showed that the variations in albedo corresponded to

identifiable geographical features and discontinuities (Ba et al.., 2001). The Grand Sand

Seas of the Grand Erg Oriental, the Majabat al Kourba, Fachi-Bilma and Tenere are areas

where albedo is at its highest value. Surface albedo is at its minima mountainous regions

of Tibesti and Hoggar.

From figure 1 in the southern part of the northern region the spatial variations in

surface albedo are small and band like. In this area there are three distinctive albedo

bands. Starting in the most southern part of the region there is a thin band of surface

albedo that ranges from 0.20 to 0.25, the next band ranges from ranges from 0.25 to 0.30

and the last band ranges from 0.30 to 0.35. Also in figure 1 the surface albedo values

occur in the arid and semi-arid areas. These values are as high as 0.65. Also from figure 1

the highest albedo values are seen in February and after February surface albedo values

begin to decline. The albedo values in April are lower than those seen in February and
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surface albedo in July is even lower. By November surface albedo values are returning to

their higher values. In this area the higher values occur during the dry season and the

lower values occur during the wet season.

Figure 2 Ba/Meteosat Surface Albedo Annual Range

Figure 3 Ba/Meteosat Month of Maximum Surface Albedo
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Figure 4 Ba/Meteosat Month of Minimum Surface Albedo

Figure 2 is used to illustrate the absolute annual range in surface albedo. The temporal

variations of the northern region are larger than expected especially in arid areas. The

albedo of the southern part of the northern region changes very little over the year with an

annual range of 0.07 or less. The largest annual range occurs near the Lake Chad basin

and the Bodele depression, where the annual range in albedo can be as large as 0.20. The

large annual range in albedo is unexpected since this is an arid region. This area is also an

intense source of dust and the dust is constant all year long (Prospero et al., 2002).

When the maxima and minima in surface albedo occur will convey a lot about the

temporal variations in surface albedo. Figure 3 is a plot of the month in which the

maxima in surface albedo occur and figure 4 is a plot of in which month minima occur. In

the northern region the maxima values occur either in February or March, which is

towards the end of the dry season. In general from 20
0
N to 10

0
N the month in which the

minima occur changes as latitude decreases. Around 200N the minima occur in July, and

around 10
0
N the minima occur in November.

3.1.2 The Equatorial Region

Figure 5 is a plot of mean monthly surface albedo for the equatorial for February,

April, July and November from 10
0
N to 35

0
S. In figure 5 the scale of 0.02 is used
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because in this region the variations in surface albedo are small. Too much detail is lost

when scale of 0.05 is used. The region from 10
0
N to 15

0
S is for this study is considered

the equatorial region. From figure 5 the temporal variations in albedo does not appear to

be very large. The annual range in albedo for the equatorial region seen in Figure 2

indicates that except for along the coastline, the annual range in albedo is 0.07 or less.

Along the coasts the annual range may be as large as 0.15. This is true especially along

the Gulf of Guinea coast and on the Horn of Africa. In the center part of the region the

differences are .03 or less.

Figure 5 Ba/Meteosat Equatorial and Southern Regions Surface Albedo
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In figure 3 surface albedo maxima for the equatorial region may occur in a variety of

months, unlike the northern region. In the northwestern part of the region along the Gulf

of Guinea coast, the maxima values occur in either August or September. In the south

central part of the region the maxima values occur either in November or December. In

the northeastern part of the region (including the Horn of Africa) the maxima occur in a

variety of months ranging from January to December.

In figure 4 over most of the region the minima in surface albedo will occur during April

thru June. The most southern part of the region, surface albedo minima will occur either

in August or September. Along the coastline the surface albedo minima will occur in a

variety of months.

3.1.3 The Southern Region

The next region to be discussed is the southern region. The spatial variations of

surface albedo in the southern region are also seen in figure 5. The largest albedo values

are seen in the arid areas of the Namib and the Kalahari Deserts. The arid areas of the

southern region are not as expansive as the arid areas seen of the northern hemisphere.

The highest surface albedo values of the semi-arid and arid areas occur in July, which is

during the dry season. Also from figure 5 in April surface albedo is at minima.

Figure 2 illustrates that over most of region the annual range is 0.04 or less. This is

even true in the semi-arid and arid areas where in the northern region the temporal

change in surface albedo for the same areas is large. The largest annual range in albedo is

east of Lake Malawi in Mozambique.

In figure 3 in the eastern part of the region albedo values reach their maxima January

thru March, which is during the wet season. While in the southern part of the region, the

maxima in surface albedo occur mostly in August. In the center part of the region the

month in which the maxima occurs is varied.

In figure 4 the northwestern part of the region the minima surface albedo values tend to

occur April thru June, which is at the end of the dry season. In the southern part of the

region the minima occur from October thru December, which is the beginning of the wet

season. In the northeastern part of the region, minima occur in a variety of months.

In a temporal and spatial analysis of surface albedo for Africa done by Ba et al. (2001)

also found the largest temporal variations in the arid areas of Africa. As is stated earlier,
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in the northern region these large temporal variations in surface albedo were near or west

of dust sources. In the northern part of the northern region the maxima in surface albedo

are occur in the dry season as seen in figure 3.

3.2 MODIS Surface Albedo Estimates

Albedo from Moderate Resolution Imaging Spectroradiometer (MODIS) is one of the

newest dataset to be created. This section discusses an analysis of the spatial and

temporal variations of albedo over Africa using surface albedo derived from MODIS

measurements. The MODIS data for the year 2001 is obtained from ISLSCP initiative II

project. The African continent is divided into the northern, equatorial and southern

regions, the same regions used in the Ba/Meteosat analysis. The northern region is from

10
0
N to 35

0
N, the equatorial region is from 10

0
N to 15

0
S and the southern region is from

15
0
S to 35

0
S.

3.2.1 The Northern Region

The spatial and temporal variations in the northern region will be discussed first. Figure

6 is plot of monthly mean albedo in the northern region of Africa for the months of

February, April, July and November. February represents the dry season, April represents

the transition from the dry season to the wet season, July represents the wet season and

November represents the transition from the wet season to the dry season.

The spatial variations in albedo seen in figure 6 are similar to the spatial variations

seen in the Ba/Meteosat albedo. These variations depict the geographical features of the

region. The Grand Sand Seas of the Grand Erg Oriental, the Majabat al Kourba, Fachi-

Bilma and Tenere are areas where albedo is at its highest value. Low surface albedo

values are located in the mountainous regions of Tibesti and Hoggar.
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Figure 6 MODIS Northern Region Surface Albedo

In the southern part of the region spatial variations in albedo are small and are band

like. There are three distinctive albedo bands. Beginning at 10
0
N and moving Poleward,

there is a thin band of surface albedo that ranges from 0.15 to 0.20, the next band ranges

from ranges from 0.20 to 0.25 and the last band ranges from 0.25 to 0.30. This pattern is

similar to what is seen in the Ba/Meteosat albedo except MODIS albedo values are lower.
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Figure 7 MODIS Surface Albedo Annual Range

Figure 8 MODIS Month of Maximum Surface Albedo
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Figure 9 MODIS Month of Minimum Surface Albedo

From figure 6 areas of the higher surface albedo values in the northern region peak in

February and July. The surface albedo in February and July is higher than that of April

and November. The annual range as seen in figure 7 illustrates that over most of the

region the annual range in albedo is small. This is what is expected in arid areas. The

largest annual range for the northern region is seen in the South of Lake Chad and in the

Atlas Mountain range. In both of theses areas the annual range can be as large as 0.20.

In order to better understand the annual range of surface albedo, the month of surface

albedo maxima is plotted in figure 8 and the month of surface albedo minima is plotted in

figure 9. In the arid areas of the northern region surface albedo maxima occurs in

January, which is during the dry season. For the same area the surface albedo minima

occur in more often in August or September, which is during the wet season. With that

said the percentage of from figure 8 in only 22.4 % of the grids does surface albedo

maxima occur in January. From figure 9 in only 19.2 % of the grids do surface albedo

minima occur in August and September.

3.2.2 The Equatorial Region

The equatorial region is the next region to be discussed. In figure 10 there is a lot of

missing data because clouds obscure most of the region. From the data that are available

surface albedo in the equatorial region shows very little spatial and temporal variation.
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Figure 10 MODIS Equatorial and Southern Region Surface Albedo

From the available data the annual range of albedo for most of equatorial region seen in

figure 7 is small. This figure shows that over most of the region the annual range of

albedo is .07 or less. The Guinea coastline is where the largest seasonal change in albedo

occurs in this region. The annual range in albedo can be as large as 0.15.

In the equatorial region surface albedo maxima and minima occur in a variety of

months. Figure 8 illustrates that the majority of the northern part of the region the

maximum albedo occurs from May to July, while in the southern part of the region (5
0
S

to 10
0
S) the maximum albedo values occurs in November and December. In the

northern portion of the region figure 9 illustrates that as latitude decreases the month in

which the minimum occurs progresses through the year.
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3.2.3 The Southern Region

The third region to be discussed is the southern region. In figure 10 the spatial

variations in surface albedo outline the arid areas of the Namib and the Kalahari Deserts.

It is in the arid areas where the highest surface albedo values are found. The arid areas of

the southern region are not as expansive as those same areas in the northern region. From

figure 10 there appears to be little temporal variation in surface albedo.

Figure 7 further supports the lack of temporal variation in albedo that is seen in figure

10. The annual range of albedo over most of the southern region is 0.06 or less including

the semi-arid and arid areas. The largest change in albedo occurs in areas east of Lake

Malawi over Tanzania and Mozambique, which is in the northeastern part of the region.

In the southern region the month in which the maximum albedo occurs is varied as seen

in figure 8. It is in the southern part of the region the albedo where there is a consensus

that surface albedo maxima occur in July.

Figure 9 illustrates much more uniformity in the month in which surface albedo is at a

minimum. This occurs over most of the region in April, which is the transition from the

wet to dry season. None of the rest of the region experiences such uniformity.

3.3 A Comparison of Ba/Meteosat and MODIS

In earlier chapters the temporal and spatial distribution of Ba/Meteosat and MODIS

surface albedo was discussed. The next step in this study is a direct comparison of the

two surface albedo datasets. For each matching grid point MODIS derived surface albedo

was subtracted from the Ba/Meteosat derived surface albedo. A positive difference

between the two-albedo datasets indicates that the higher values are from Ba/Meteosat

and a negative difference indicates that the higher values are from MODIS. Some

discrepancy is expected because surface albedo from Ba/Meteosat dataset is a 5-year

monthly mean and surface albedo derived from MODIS represents a single year. It needs

to be noted that according to TRMM rainfall data 2001 is considered to be a drier than

normal year in the northern region while the southern region was wetter than normal. For

the temporal comparison the same four months of February, April, July and November

will be

analyzed. The continent of Africa will be divided into the same three regions: northern,

equatorial and southern.
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3.3.1 The Northern Region

In figure 11 is a plot of the actual difference between Ba/Meteosat and MODIS albedo

in the northern region. In the northern region there are temporal variations in the

differences between Ba/Meteosat and MODIS. In figure 11 all four months show a

positive difference, which indicates that the albedo from Ba/Meteosat is higher than the

albedo from MODIS. The largest discrepancies are in February and in the area of 15
0
N to

350N. Recall that for this region February is in the middle of the dry season. Over most of

the region the difference is greater than 0.09 or greater. There are a few pockets where

the difference is between 0.15 and 0.18. These are large and unexpected. As the climate

of the region shifts from the dry season to the wet season the differences decrease.

In figures 2 and 7 both Ba/Meteosat and MODIS surface albedo datasets illustrate

temporal variations. In both of these figures the annual range in albedo is large in the arid

areas. In Ba/Meteosat dataset the area of the highest albedo values is more expansive than

the MODIS dataset. In the area above 15
0
N MODIS displays little change in albedo over

the year while Ba/Meteosat displays large changes in albedo.

3.3.2 The Equatorial Region

In the equatorial region figure 13 illustrates that the difference between Ba/Meteosat

and MODIS albedo varies only slightly throughout the year. The largest difference in

figure13 is 0.09 but over most of the region the differences range from 0.03 to 0.06. Once

again cloud cover obscures the most western part of the equatorial region in the MODIS

dataset.

3.3.3 The Southern Region

In the southern region the largest differences in albedo are also seen in arid areas.

These areas in the southern region do show a small temporal variation. In February, April

and November the difference in these areas ranges from 0.06 to 0.18. In July the

difference range decreases and is from 0.06 to 0.15. Over the rest of the region the

difference between the two datasets is 0.06 or less.
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The spread is larger than expected and raises again the concern that the Ba/Meteosat

dataset may have a high bias. The month of July is where the MODIS and Ba/Meteosat

have the closest agreement. Since 2001 is considered a drier than average year, it was

expected that during the wet season albedo from MODIS would be higher than albedo

from Ba/Meteosat but in figure 11 July shows over most of the northern region a positive

difference.

Figure 12 Ba/Meteosat and MODIS Scatter Plot
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Figure 11 Ba/Meteosat minus MODIS Northern Region

3.3.4 Overall Comparison

Figure 12 is a scatter plot of surface albedo from MODIS and Ba/Meteosat for each of

the four months used in this study. There is a positive relationship between the two

datasets,

However in every month the majority of Ba/Meteosat surface albedo values tend to be

higher than MODIS. This is especially true in February, which is when the majority of

maxima occur (figure 3) in the Ba/Meteosat dataset.

In figures 14-18 the differences between the two surface albedo datasets are plotted by

vegetation type. The IGBP 17-land cover classification scheme (table 2) is used to
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determine the land cover classifications for these figures. Of the figures, figures 17 and

18 are where the largest differences between the two datasets are seen. The differences

associated with land cover types of open shrubland and desert/sparsely vegetated are

plotted in figure 17. These land cover types are associated with semi-arid and arid

climates.

Figure 13 Ba/Meteosat minus MODIS Equatorial and Southern Region
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Figure 14 Ba/Meteosat minus MO DIS Land Cover Type 2 Four Month Panel
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Figure 15 Ba/Meteosat minus MODIS Land Cover Type 8 Four Month Panel

Figures 14, 15 and 16 the differences between the two surface albedo datasets are

smaller. Figure 14 is a plot of the differences in surface albedo datasets where the land

cover type is classified as evergreen broadleaf forests. Figures 15 and 16 are plots of the

differences where the land cover types are classified as woody shrubland and savanna. In

the next chapter the relationship between vegetation and surface albedo will be discussed.
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Figure 16 Ba/Meteosat minus MODIS Land Cover Type 9 Four Month Panel

One of the possible explanation for the larger than expected differences between the

two datasets is aerosol effects on satellite. The largest differences occur in the semi-arid

and desert areas of the northern and southern regions.

In the northern region the largest differences occur in February, which is when both

datasets had the highest albedo values. Also in this region the highest albedo values were

near or west of major sources of dust. Aerosols due to dust storms in North Africa are

highest during the dry season (Nicholson et al., 1996; Fouquart et al., 1987).
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Figure 17 7 Ba/Meteosat minus MODIS Land Cover Type Four Month Panel

The differences are positive and this indicates that the Ba/Meteosat surface albedo dataset

values are higher than those from MODIS. Ba/Meteosat is almost twenty years older than

MODIS and satellite instrumentation has greatly improved.
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Figure 18 Ba/Meteosat minus MODIS Land Cover Type 16 Four Month Panel

There are other possible explanations for the differences but they may only

explain small differences. One possible explanation is that Modis uses the 0.3 to 5.0 m

broadband while Ba/Meteosat uses the 0.3 to 1.1 m broadband. From Planck’s curve 

energy emitted after 1.1 m decreases rapidly. Interannual variability is another possible

explanation for the differences between the two datasets in the southern hemisphere but

not for the northern hemisphere. The algorithm used in MODIS does account for dust

aerosol effects. The scope of this study does not provide a definitive reason for the

discrepancy found between albedo obtained from Ba/Meteosat and Modis measurements.
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Figure 19 Ba/Meteosat Vegetation Coverage

Figure 20 MODIS Land Cover Types
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CHAPTER FOUR

SURFACE ALBEDO VS VEGETATION

Changes in land cover such as deforestation, desertification and urbanization have lead

to the concern of how these changes may affect climate. In order to study these effects

land cover must be classified. Many studies have been done to create land cover

classification schemes. Some of the classification schemes use biomes as means of

classifying vegetation. Other schemes use Plant Function Types (PFT) as means of

classifying vegetation and others use climate as means for classifications. The criterion

for classifying vegetation in itself is a large subject and will not be discussed in this

study. The reason for mentioning the different classification schemes is to point out that

the scientific committee is not in agreement on which classification scheme best

represents the earth’s surface.  

4.1 Vegetation

Land cover may help explain the temporal variations in surface albedo seen in the

Ba/Meteosat and MODIS data. The primary land cover dataset used in this part of the

discussion is 1335 station dataset that uses White’s vegetation classification scheme and 

surface albedo derived from Ba/Meteosat. For each station a land cover type is assigned

using White’s vegetation map (table 3) and a 9-grid average surface albedo values is

assigned. From White’s vegetation types the vegetation can be classified into 5-land

cover classes: forest, woodland, bush & thicket, grass & shrub and desert. Only the

dominant vegetation type of each class for each hemisphere will be discussed in this

section.

The Normalized Difference Vegetation Index (NDVI) may provide more insight on

these vegetation types’ relationships to surface albedo. Equation 4 describes the actual 

calculation,

NDVI= (NIR-VIS)/ (NIR+VIS) (4)

Where NIR is near-infrared wavelengths and VIS is visible wavelengths. The NDVI is

used to indicate when leafage is at a maximum or minimum.
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4.1.2 Forests

The next land cover type to be discussed is the land cover classified as forests. The

dominant vegetation type is 11A (lowland rainforest) and is located in both hemispheres.

In figures 21 and 22 the southern hemisphere maxima in NDVI and surface albedo are at

a maximum in December but the peak in NDVI lasts thru April. The maximum in surface

albedo most often occurs in May, which is at the beginning of the dry season. The

minimum in NDVI occurs in August, which is at the end of dry season. The minima in

NDVI are expected to be at the end of a dry season. Since the minima in surface albedo

occur in the beginning of the dry season, the foliage may influence surface albedo.
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Figure 21 Ba/Meteosat Vegetation type 11A NDVI and Surface Albedo time series

In the northern hemisphere NDVI and surface albedo maxima both occur in September.

Minima in both NDVI and surface albedo occur very close to each other. The minima in

surface albedo occur most often in December while minima in NDVI occur most often in

January. This indicates that vegetation is a major influence on surface albedo.
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Figure 22 11A Ba/Meteosat Surface Histograms

4.1.3 Woodlands

Woodland

0

100

200

300

400

500

600

1 2 3 4 5 6 7 8 9 10 11 12

Month

N
D

V
I NH 29

SH 29

Woodlands(29A)

0

10

20

30

40

1 3 5 7 9

1
1

Month

S
u

rf
a

c
e

A
lb

e
d

o

NH

SH

Figure 23 Ba/Meteosat Vegetation type 29 Time Series
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    White’s vegetation type 29 is classified as woodland (table 2) and this vegetation

type’s NDVI is plotted in figure 23. Figure 24 is histograms of Ba/Meteosat surface

albedo for this same vegetation type. From these two figures in the southern hemisphere

the minima and maxima in NDVI and surface albedo occur nearly at the same time of

year. The maxima in NDVI occur in March and maxima in surface albedo most often

occur in February. Minima in NDVI occur in September and in October for surface

albedo.

Also the annual cycle of surface albedo in both hemispheres does not vary as much as

the annual cycle of NDVI. The annual cycle of surface albedo for both hemispheres are

very similar which is not the case in NDVI. This helps explain why in the northern

hemisphere a maximum is seen in February and September. There is little change in

surface albedo over the year. The peak in September is due to leafage while the peak in

February maybe due to an increase in reflecting areas.
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Figure 24 Vegetation Type29 Ba/Meteosat Surface Albedo Histograms

In the northern hemisphere the maxima in surface albedo and NDVI occur at different

times in the year. The maxima in surface albedo occur most often in February while

NDVI maxima occur in September. The minima in NDVI occur in February thru April,

which is when surface albedo is at a maximum. Surface albedo minima most often occur
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in December. In the northern hemisphere surface albedo is influenced by an increase in

reflecting surfaces.

4.1.4 Bush and Thicket

   White’s vegetation types 43 and 44 in this study are placed in the bush/thicket class.  

Figure 24 is a plot of NDVI and figure 25 is a histogram of surface albedo for vegetation

types 43 and 44. Vegetation type 43 is found in the northern hemisphere and vegetation

type 44 is found in the southern hemisphere.

The maxima in NDVI and in surface albedo for vegetation type 44 occur at different

times of the year. Maxima in NDVI occur in March, while maxima in surface albedo

occur in August. The minima in NDVI and surface albedo also occur at different times of

the year. For NDVI minima occur in September, while for surface albedo minima occur

most often in October. This indicates that the relationship between land cover and surface

albedo for this area is not straightforward. Vegetation may or may not be the main

influence on surface albedo in this area.

For vegetation type 43 neither the minima nor the maxima for NDVI and surface

albedo occur in the same time of year. The minima in NDVI occur December while for

surface albedo the minima most often occur in June. The maxima in NDVI occur in

September while, maxima in surface albedo most often occur in February.

The annual cycle in surface albedo and NDVI are not similar. From figure 25 it is

obvious that their respective maxima and minima occur at different times of the year.

Both NDVI and surface definitely show an annual cycle even though the cycles are small.

Their seasonal patterns help support the theory that an increase in reflecting areas may be

the main influence on surface albedo.
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Figure 25 Ba/Meteosat Vegetation Types 43 and 44 Time Series
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Figure 26 43 and 44 Ba/Meteosat Surface Albedo Histograms
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4.1.5 Grass and Shrub

The two vegetation types of 54 (Semi-desert grassland and shrubland) and 51(Bushy

Karoo-Namib) were selected because they are the more prevalent grass/shrub vegetation

type. As seen in figure 20 vegetation type 54 is found in the northern hemisphere and

vegetation type of 51 is found in the southern hemisphere. In figures 20 and 21, these two

vegetation types are classified as barren or sparsely vegetated in the IGBP 17- land cover

classification scheme.

Figure 28 is histograms of Ba/Meteosat surface albedo for vegetation type 51 and 54.

As seen in figures 26 and 27 for both vegetation types maxima in surface albedo occur

during the dry season and minima in surface albedo occur during the wet season. Maxima

and minima in surface albedo for vegetation type 54 are very spread out, while for

vegetation type 51 maxima are much more centralized.

In figure 26 when NDVI is at a minimum surface albedo is at a maximum and surface

albedo is at a minimum. Also the annual cycle of NDVI and surface albedo for vegetation

type 54 are different. The annual cycle in NDVI is significant however the annual cycle

of surface albedo is small. For vegetation type 51 the annual cycle for NDVI and surface

albedo both are small. In cases where the annual cycle is small when the maxima and

minima occur are not as significant as when the annual cycle is larger. Also the average

surface albedo minimum for the northern hemisphere is higher than average surface

albedo maximum for the southern hemisphere.
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Figure 27 Ba/Meteosat Vegetation types 51 and 54 Time Series

4.1.6 Desert Vegetation

   White’s two vegetation types of 71(Regs, Hamadas and Wadis) and 74 (Namib Desert)

are classified as desert. The NDVI dataset is an older dataset and there may be errors in

NDVI in the arid regions. For this reason NDVI is not used to support any conclusions.

From figure 21 both of these vegetation types are found in arid areas.

In figures 28 and 29 the maxima in NDVI and surface albedo occur in the dry season

and minima in NDVI and surface albedo occur in the wet season. This is true for both

vegetation types. The annual cycle of NDVI and surface albedo are both small and this is

expected at a area where the vegetation is classified as desert. As was expected soil is the

main influence on surface albedo in arid regions.
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Figure 28 Vegetation Types 51 & 54 Ba/Meteosat Surface Albedo Histograms
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Figure 29 Ba/Meteosat Vegetation Types 71 and 74 Time Series
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Figure 30 Vegetation Types 71 & 74 Ba/Meteosat Surface Albedo Histograms

4.2 Vegetation Classes

Figures 31 and 32 were created to conceptualize the results discussed earlier in this

section. Figure 31 is a plot of the mean maximum and minimum Ba/Meteosat surface

albedo for each of the vegetation classes in each hemisphere. Figure 32 is a plot of the

mean maximum and minimum Ba/Meteosat NDVI for each of the vegetation classes in

each hemisphere. Earlier in this section only the most predominant vegetation type is

discussed but in figures 31 and 32 all vegetation types are included.

In figure 31 for all land cover classes the mean maxima and mean minima are higher in

the northern hemisphere than in the southern hemisphere. In figure 31 there are some

interesting results concerning the land cover classes of desert and grass/shrub.



41

Figure 31 White’s Vegetation Mean Maximum and Minimum Surface Albedo (Max=most frequent month 
of maximum surface albedo, % = percentage of stations, MIN= most frequent month of minimum surface

albedo, {} = range of standard deviation)

The standard deviation and the difference between the mean min and mean max values

in the northern hemisphere are larger than expected for arid regions.

In the southern hemisphere the difference between the mean minimum and mean

maximum is small and this is what is expected in an arid region. Also mean maximum

and minimum surface albedo of the northern region are much higher than the means in

the southern region. The desert mean minimum in the northern region is 0.32 while in

the southern region the mean maximum is only 0.24. The grass/shrub mean minimum in

the northern hemisphere is 0.26 while the mean maximum in the southern hemisphere is

0.24. In the southern hemisphere for the desert and grass/shrub classes the mean maxima

and mean minima are very similar but this is not true of the northern hemisphere.
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Figure 11 also illustrates that for vegetation types of grass/shrub and desert there is a

consensus on when maxima in surface albedo occur. In the northern hemisphere the

maxima for 79 % of the stations, whose vegetation is classified as desert, occurs in

February, which is during the dry season. This is also true for 47% of the stations whose

vegetation is classified as grass/shrub. In the southern hemisphere the maxima in surface

albedo for the majority of stations with the same vegetation classification also occur

during the dry season. For the three remaining vegetation classes when the maxima occur

are spread out over the wet season.

In the northern hemisphere the only consensus on when minima in surface albedo occur

is seen in vegetation classified as grass/shrub and desert. 48% of the desert stations and

43% of the grass shrubs stations minima in surface albedo occur May. In both

hemispheres the month in which minima occur for the three remaining vegetation classes

is varied.

From figure 32 is a plot of the mean maximum and minimum NDVI for the same

vegetation classes used in figure 31. For each vegetation class, in both the northern and

southern hemisphere their respective NDVI values are similar. However, the same

cannot be said about when their respective maxima and minima occur. The largest range

is associated with the forest vegetation class and the smallest range is associated with the

desert vegetation class. Due to seasonality of each vegetation class, these ranges are

expected.

From figures 31 and 32 there is more of a consensus among the stations in when NDVI

is at a minima, surface albedo is also at a minima. The maxima in NDVI and surface

albedo often occur at different times of the year. These findings do not support Charney’s 

theory that a reduction in vegetation will lead to an increase in surface albedo. Surface

albedo may be influenced by an increase in area of reflecting surfaces.
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Figure 32 White’s Vegetation Mean Maximum and Minimum NDVI (Max=most frequent month of

maximum surface albedo, % = percentage of stations, MIN= most frequent month of minimum surface

albedo, {} = range of standard deviation)

For the forest and bush/thicket vegetation classes NDVI and surface albedo maxima

occur at different times of the year. However, their respective minima occur during the

same time of the year. This is true for both hemispheres. In the southern hemisphere only

the vegetation classes of desert and woodland do the minima in surface albedo and NDVI

occur at the same time of the year.
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CHAPTER FIVE

OBSERVED SURFACE ALBEDO VS MODELS

     Global circulation models (GCMs) are used to study a climate’s sensitivity to change.  

Land surface processes in these models have traditionally been represented by

parameterizations that have ranged from simple to complex representations. Biosphere-

Atmosphere Transfer Scheme (BATS), Land Surface Model (LSM) and Community

Land Model version 2 (CLM2) are some of the more widely used models for land surface

processes.

The effect of desertification and deforestation on climate has been the focus of many

studies with these models. One of the aspects of these is studies is the effects of

desertification and deforestation on surface albedo. Surface albedo is a major contributor

to the surface radiation budget and thus has a strong influence on climate. The

parameterized surface albedo used in BATS, LSM and CLM2 is discussed in this study.

The first model discussed is BATS. For each grid squares BATS assigns one of 18-land

cover types (table 5) and one of 8 soil color (table4) classes for both visible and near-

infrared wavelengths. The values for the albedos were determined from multiple sources

(Dickinson et al., 1986)

Table 4 Bats Soil Albedo (Color from light (1) to dark (8))

1 2 3 4 5 6 7 8

Dry Soil

< 0.7 m

0.23 0.22 0.20 0.18 0.16 0.14 0.12 0.10

Dry Soil

> 0.7m

0.46 0.44 0.40 0.36 0.32 0.28 0.24 0.20

Saturated

soil

<0.7 m

0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.05

Saturated

Soil

>0.7 m

0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10

The second model discussed is LSM, LSM uses 12 basic plant function types (table 6)

combined with both bare soil and fractional areas, which results in one of 28 different

land surface types that is assigned to each of its grid squares. In LSM the vegetation
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composition and fractional coverage are time invariant (Wei et al., 2001). LSM obtains

its canopy albedo from its prescription of plant-type-dependent leaf reflectance and

transmittance and through leaf orientation (Wei et al., 2001). LSM uses the same soil

classification as BATS except it has a ninth soil type for desert and semi-desert in North

Africa (table 7). These parameters are combined with soil albedo and seasonally varying

leaf area index (LAI) and solar angle through the use of the two-stream approximation

(Sellers, 1985) and this approach is similar to the one used by CLM2.

Table 5 BATS Vegetation/Land cover types and albedo

Land cover type Description Vegetation Albedo

< 0.7m

Vegetation albedo

> 0.7 m

1 Crop/mixed farming 0.10 0.30

2 Short grass 0.10 0.30

3 Evergreen needleleaf

tree

0.05 0.23

4 Deciduous needleleaf

tree

0.05 0.23

5 Deciduous broadleaf

tree

0.08 0.28

6 Evergreen broadleaf tree 0.04 0.20

7 Tall grass 0.08 0.30

8 Desert 0.20 0.40

9 Tundra 0.09 0.26

10 Irrigated crops 0.08 0.28

11 Semi-desert 0.17 0.34

12 Ice cap/glacier 0.80 0.60

13 Bog or marsh 0.06 0.18

14 Inland water 0.07 0.20

15 Ocean 0.07 0.20

16 Evergreen shrub 0.05 0.23

17 Deciduous shrub 0.08 0.28

18 Mixed woodland 0.06 0.24
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Table 6 LSM Vegetation Albedo Parameters

Plant Type Leaf (vis) Leaf (nir) Stem (vis) Stem (nir)

Needleleaf

evergreen tree

0.07 0.35 0.16 0.39

Needleleaf

deciduous tree

0.07 0.35 0.16 0.39

Broadleaf

evergreen tree

0.10 0.45 0.16 0.39

Broadleaf

deciduous tree

0.10 0.45 0.16 0.39

Tropical seasonal

tree

0.10 0.45 0.16 0.39

C3 grass 0.11 0.58 0.36 0.58

Evergreen shrub 0.07 0.35 0.16 0.39

Deciduous shrub 0.10 0.45 0.16 0.39

Arctic deciduous

shrub

0.10 0.45 0.16 0.39

Arctic grass 0.11 0.58 0.36 0.58

Crop 0.11 0.58 0.36 0.58

C4 grass 0.11 0.58 0.36 0.58

Table 7 LSM Soil Classes and Albedo (Color from light (1) to dark (8))

1 2 3 4 5 6 7 8 9

Dry Soil

< 0.7 m

0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10 0.27

Dry Soil

> 0.7m

0.48 0.44 0.40 0.36 0.32 0.28 0.24 0.20 0.55

Saturated

soil

<0.7 m

0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.05 0.15

Saturated

Soil

>0.7 m

0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10 0.31
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Wei et al. (2001) showed that both BATS and LSM showed higher albedo values over

the semi-arid and desert region of northern Africa when compared to surface albedo

obtained from Advanced Very High Resolution Radiometer (AVHRR). BATS values

were closer to AVHRR than LSM values. Also over the Sahel region on the edge of the

North African Desert BATS albedo was lower than AVHRR. Wei et al. (2001) surmised

that one of the possible reasons for the discrepancy is that the original geographic

information on land cover classification used by BATS and LSM is outdated and do not

reflect current the current land use and changes. Another reason may be the failure to

account for differences in grassland albedo with the Sahel grassland being unusually high

in albedo. The high albedo may be the result of lower LAI and brighter soil than is

parameterized. Also Wei et al. (2001) only used July and February 1995 average monthly

albedo data and the differences could reflect interannual variation.

The third and one of the newer land models to be discussed is the Community Land

Model version 2.0 (CLM2), which was released in August 2004. AVHRR data are used

to derive the land cover scheme in CLM2. CLM2 is an updated version of BATS. Even

though processes represent the surface albedo in the CLM2 model, each land cover type

is assigned one parameter is for the visible wavelength and another for the near-infrared

wavelength. The surface albedo produced from CLM2.0 is time invariant. The land cover

classification used in CLM2.0 is the IGBP (Table 1), which is the same land cover

classification used by MODIS. Even though MODIS and CLM2.0 use the same land

cover classification scheme, there are discrepancies in the spatial distribution of some of

the land cover types.

The Community Land Model (CLM2) model is a single column biogeophysical model

of the land surface. The horizontal land surface heterogeneity is represented by a nested

sub grid hierarchy composed of grid cells, land units, columns and plant function types

(glacier, lake, wetland, urban, vegetated) in each grid cell. The vegetated portion of a grid

is further divided into patches of PFT’s, each with its own leaf and stem area index and

canopy height. The current land models are expanding to include biogeochemistry,

especially photosynthesis and the carbon cycle. These inclusions cause problems with the

biome based land cover classification. A solution to this problem is to recognize that

biomes can be broken into individual plant function types. Plant function types have
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measurable leaf physiology and carbon allocation. The Community Land Model,

vegetation is as patches of plant functional types rather than as biomes.

The CLM2 is a land surface model with only 1 vegetation layer.

The surface albedo for each grid point is the sum of snow, vegetation and bare soil

albedo. Each component is multiplied by its fraction of coverage.

baresoilbaresoilsnowsnowegvveg fff   (4)

The vegetation albedo in LSM and CLM2 is calculated from a simplified two-

stream scheme (eq.5 and 6). The assumptions of homogenous vegetation and the

combination of canopy and underlying surface albedo are used in this scheme. The

vegetation albedo is divided into direct beam albedo and diffuse albedo.
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Where U is the underlying surface albedo,  is the upward scattering fraction and

saiL
is leaf and stem area index, LSAI=LAI +SAI [Zhou et al, 2003]. Another assumption

of this scheme is that when LSAI approaches zero vegetation albedo moves toward that

of the underlying surface albedo.

CLM2 uses prescribed albedo (table 8) for each land cover type and these values

originated from Biosphere-Atmosphere Transfer Scheme (BATS) and were modified

after AHVRR data was analyzed [Zeng et al, 2002]. The origins of the soil albedo

parameters used in CLM2 (table 9) are from BATS. Table 10 is CLM2 parameterized

albedo that has been adjusted to represent the broadband of 0.3 to 5.0 m. This is

accomplished by integrating Planck’s law and obtaining a weight of 0.476 that is applied 

to albedo values in the visible wavelength. The weight of 0.512 is applied to CLM2 land

cover albedo values in the near infrared wavelengths.

The differences in surface albedo calculated by land surface models are the result of

the factors inherent to dominant land cover types, such as parameterized vegetation

albedo, vegetation fraction, and LAI.
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Table 8 CLM2 surface albedo by land cover type

Land Cover
Type Visible

Near-
Infrared

Land
Cover
Type Visible Near-Infrared

1 0.04 0.2 9 0.07 0.25

2 0.04 0.2 10 0.07 0.26

3 0.05 0.23 11 0.06 0.18

4 0.07 0.24 12 0.06 0.24

5 0.06 0.24 13 0.06 0.22

6 0.07 0.26 14 0.06 0.22

7 0.14 0.32 15 0.95 0.65

8 0.06 0.21 16 0.19 0.38

Table 9 CLM2 Soil Albedo (Color from light (1) to dark (8))

1 2 3 4 5 6 7 8

Dry Soil

< 0.7 m

0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10

Dry Soil

> 0.7m

0.48 0.44 0.40 0.36 0.32 0.28 0.24 0.20

Saturated

soil

<0.7 m

0.12 0.11 0.10 0.09 0.08 0.07 0.06 0.05

Saturated

Soil

>0.7 m

0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10

Table 10 CLM2 Land Cover vegetation albedo adjusted to a broadband

Land Cover
Type Vis. % Energy

Near-
Infrared

%
Energy 0.3 to 5.0 um Albedo

Max.fracl.
veg.Cover Albedo

1 0.04 0.476 0.2 0.512 0.12144 0.80 0.097

2 0.04 0.476 0.2 0.512 0.12144 0.90 0.109

3 0.05 0.476 0.23 0.512 0.14156 0.80 0.11648

4 0.07 0.476 0.24 0.512 0.1562 0.80 0.12496

5 0.06 0.476 0.24 0.512 0.15144 0.80 0.1212

6 0.07 0.476 0.26 0.512 0.16644 0.80 0.1332

7 0.14 0.476 0.32 0.512 0.23048 0.80 0.1844

8 0.06 0.476 0.21 0.512 0.13608 0.80 0.1089

9 0.07 0.476 0.25 0.512 0.16132 0.80 0.1291

10 0.07 0.476 0.26 0.512 0.16644 0.80 0.1332

11 0.06 0.476 0.18 0.512 0.12072 0.80 0.0966

12 0.06 0.476 0.24 0.512 0.15144 0.85 0.12872

13 0.06 0.476 0.22 0.512 0.1412

14 0.06 0.476 0.22 0.512 0.1412 0.80 0.1130

15 0.95 0.476 0.65 0.512 0.785 0.0 0.0

16 0.19 0.476 0.38 0.512 0.285 0.10 .0285
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Soil moisture discrepancies are another factor in differences between the models. Soil

color differences in models are a major contributor to errors in calculating surface albedo

in semi desert and desert regions (Wei et al. 2001). It is in these regions where models

and remotely sensed surface albedo differ the most (Wei et al., 2001; Zhou et al., 2003).

As is stated earlier the surface albedo values calculated in BATS and LSM were higher

than AVHRR in the desert and semi-desert region. Zhou et al. (2003) found that MODIS

and CLM2 soil albedo differ considerably over desert and semi-desert regions.

BATS and LSM both show a large bias over snow, desert and semi-desert areas when

compared to remotely sensed data (Zhou et al., 2003) and the albedo parameterizations in

CLM2 were adjusted. When the CLM2 was coupled NCAR Community Climate Model

(CCM3) there was significant reduction in the summer cold bias over desert and semi-

desert region (Zhou et al., 2003). This demonstrates the impact remotely sensed data has

on improving climate models.

How well do these adjustments compare to albedo derived from MODIS

measurements? Recall that MODIS and CLM2 both use the IGBP land cover

classification scheme. As is the case in the previous chapter only the dominant land cover

types will be discussed. The dominant land cover types are evergreen broadleaf forest (2),

open shrublands (7), woody savannas (8), savannas (9) and barren or sparsely vegetated

(16).

From figure 7 land cover types evergreen broadleaf forest (2) and woody savannas (8)

are located in the equatorial region. It is in this region where the annual range in albedo is

small. Since for 2001 cloud cover obscures most of this area, there is not enough data to

discuss this area in detail. From figure 12 the surface albedo in this area ranges from 0.10

to 0.16. In table 10 CLM2 land cover type 2 is assigned albedo value of 0.12 and land

cover type 8 is assigned an albedo value of 0.13, which is reasonably close to the MODIS

albedo. From equation 4 surface albedo is calculated by adding soil albedo and vegetation

albedo, with both soil and vegetation albedo values being weighted by their respective

fractional coverage. Fractional coverage is time-variant but on the whole for these two

vegetation types the fractional coverage is between 0.80 and 0.90. The parameterized

albedo values are lower than what is seen in both the MODIS and Ba/Meteosat data.
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From figure 7 the next land cover type to be discussed is open shrublands (7). This land

cover type is found in both the northern and southern regions. In table 10 CLM2 assign

an albedo value of 0.23 to land cover type 7. For this vegetation type fractional coverage

is around 0.80. From figure 8 in the northern region the measured albedo values from

MODIS are higher the parameterized albedo values. From figure 12 in the southern

region the surface albedo in the area of land cover type 7 ranges from CLM2 values are

higher than the MODIS derived values.

Land cover type savanna (9) is the next land cover to be discussed. From figures 7, 8

and 12 this land cover type is found in all three regions but only a small area in the

equatorial region is classified as this land type. In table 10 CLM2 prescribed an albedo

value of 0.16 to this land cover type. For this vegetation type the fractional land cover is

0.80. In figure 8 the surface albedo in the northern region from MODIS in this area

ranges from 0.20 to 0.30. The surface albedo derived from MODIS is higher than the

prescribed values used in CLM2. From figure 12 in the southern region the MODIS

surface albedo mostly ranged from 0.14 to 0.16. This value is close to the prescribed

vegetation albedo value of CLM2.

The last land cover type to be discussed is barren or sparsely vegetated (16). From

figure 7 this land cover type is predominantly found in the northern region. In table 10

the prescribed albedo value is 0.285. The fractional vegetation coverage for this land

cover type is 0.10. By examining figure 8, it can be seen that the prescribed vegetation

albedo used by CLM2 is smaller than the surface albedo values obtained from MODIS.

Zhou at al. (2003) study found study that for MODIS and CLM differ considerably in soil

albedo over semi-arid and arid regions.

In both Zhou et al. (2003) study and this study only 2001 MODIS data was used. Once

more MODIS data is available another comparison of CLM2 and MODIS surface albedo

will need to be done. This will determine if further adjustments will need to be made to

CLM2 parameterized vegetation and soil albedo values. The comparison of remotely

sensed and model calculated data is necessary to verify that model output correctly

represents the earth’s climate.  
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CHAPTER SIX

CONCLUSION

Surface albedo is a major contributor to the surface radiation budget. It plays an

important role in influencing surface temperatures and evapotranspiration thus surface

albedo is a strong influence on climate. How change in surface albedo may affect climate

is a great concern for scientist and climate models enable scientist to study these possible

affects before they occur. These are some of the reasons that correctly mapping the

spatial and temporal variations in surface albedo is a necessity. Satellites provide a way

of verifying model-generated albedo correctly represent surface albedo. As satellite

instrumentation improves so must the model’s representation of albedo. 

One of the more recent satellite albedo products is the 2001 MODIS BRDF/ albedo

dataset. An older product is the albedo dataset derived from Ba/Meteosat from 1983 to

1987.

Both of these datasets were used to analyze temporal variations over the African

continent. Only the four months of February, April, July and November were discussed in

this study. In all four months the albedo from Ba/Meteosat was higher than the MODIS

albedo. This was especially true over the desert and semi-desert regions. In the northern

region the differences in February, April and November were as high as 0.15. In the

southern region the range of differences was the same despite that the actual albedo

values were lower.

The Ba/Meteosat albedo data over North Africa showed larger temporal variation in

arid areas and this strong temporal variation was not expected. The MODIS albedo

showed very little temporal variation in arid areas of North Africa. In the Sahel area is

where the largest temporal variations were seen in both MODIS and Ba/Meteosat. Over

southern and central Africa both Ba/Meteosat and MODIS show little temporal variation

in surface albedo

Some of the possible reasons for these differences are: aerosol effect, interannual

variability, and difference between the wavelength bands used by the satellites. Prior to

this study the expectation was to find differences that were due to interannual variability

and different broadbands. It is theorized in this study that surface albedo calculated from
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Meteosat radiances is affected greatly by dust aerosols. Ba et al. (2001) suggested that the

methods used to calculate the albedo were not sufficient for the desert and semi-desert

areas. From this study it is theorized that the surface albedo derived from Ba/Meteosat

measurements is affected by dust aerosols. Recall in the northern region the largest

temporal variation and actual surface albedo values were located near and west of major

dust sources. Also in these same areas was where the largest differences between MODIS

and Ba/Meteosat were found. The differences between the two satellites in the arid areas

range from 0.06 to 0.18.

There is no consensus among the scientific community about which land cover scheme

best represents the earth’s surface. In this study White’s vegetation map of Africa (1983) 

and the IGBP 17-land cover classification scheme were discussed.  White’s vegetation 

types were grouped into the five vegetation classes of forest, woodland, bush/thicket,

grass/shrub and desert. In Charney’s classic 1975 paper he theorized that a reduction in 

vegetation would lead to an increase in surface albedo, which in turn would lead to a

reduction in precipitation. In this for a majority of the vegetation groups minima in

surface albedo and NDVI occur at the same time of year. These findings do not support

Charney’s theory that a reduction in vegetation will lead to an increase in surface albedo.

Surface albedo may be influenced by an increase in area of reflecting surfaces.

Evaluation of remotely sensed data has lead to changes being made in models.

Comparison of BATS and LSM to AVHRR lead to the parameterized albedo in the

CLM2 be adjusted and the model more closely matched the AVHRR results. The

continued evaluation of sensed data and model data is a necessity.

One of the objectives of this study was to determine how well the newly adjusted

parameterized surface albedo CLM2 compared to Ba/Meteosat surface albedo. It appears

that in semi-arid and arid regions the parameterized vegetation and soil albedos used in

CLM2 may be still too low. Both Ba/Meteosat and MODIS derived surface albedo were

much higher than the parameterized vegetation albedo and soil albedo used in CLM2.

With the possibility that aerosols affect Ba/Meteosat surface albedo in the northern

region and because only 1 year of MODIS data was used in this study, no definite

conclusions are reached. A five-year monthly mean MODIS surface albedo needs to be

obtained and then compared to the Ba/Meteosat albedo. This will help determine if dust
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aerosols affected Ba/Meteosat. One of the reasons that a 5-year period is used is because

the typical lifetime of satellite instruments is 3 to 5 years. Interannual variability is

another reason that more than one year of data is used in climate studies. The current

results indicate that the surface albedo derived from Ba/Meteosat and MODIS

measurements in semi-arid and arid areas of the northern region are higher than the

parameterized soil and vegetation values used in CLM2. It is in these areas where models

are known to have biases. It is also in these areas where desertification is a concern. Since

2001 data is the first year that MODIS data was available, it won’t be until 2006 that a 

five-year monthly mean of surface albedo can be created.
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