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STELLINGEN 

1. Bij veldreflectiemetingen kan men niet uitgaan van het Lambertiaanse gedrag van 
referentiepanelen. 

Dit proefschrift. 

2. De grote aandacht in de remote sensing voor atmosferische modellen gaat vaak ten 
koste van een zorgvuldige calibratie van de instrumenten. 

Dit proefschrift 

3. Landsat Thematic Mapper gegevens zijn uitermate geschikt voor het identificeren van 
gips, kalk en zout in droge gebieden. 

Dit proefschrift. 

4. Veldreflectiemetingen zijn onontbeerlijk voor een juiste interpretatie van Landsat 
Thematic Mapper gegevens. 

Dit proefschrift 

5. Vegetatie-indices zijn zinloos in gebieden met weinig vegetatiebedekking als geen 
rekening gehouden wordt met type vegetatie en bodem. 

M. Cher let and A. Di Gregorio, 1991, Calibration and integrated modelling 
of remote sensing data for desert locust habitat monitoring, FAO project 
ECLOI INT 10041 BEL and GCPIINTI439IBEL. 

6. De streef- en grenswaarden van zware metalen in de bodem dienen in de eerste plaats 
gebaseerd te zijn op een risico-evaluatie voor de volksgezondheid. 

Milieukwaliteitsdoelstellingen bodem en water, Notitie, Tweede Kamer, 
vergaderjaar 1990-1991, 21 990, nr.l. 

7. Interdisciplinaire onderzoeksprojecten dienen uit te gaan van een integrerende 
vraagstelling en niet van het zoeken van een kapstok voor diverse monodisciplinaire 
projecten. 

8. Hoog-technologische onderzoeksprojecten in zeer arme landen dienen gevolgd te 
worden door toegepast onderzoek ten behoeve van het land zelf. 

9. Het schatten van de infiltratie van water in een gebied aan de hand van een kartering 
van oppervlaktetypen met de methode van Casenave en Valentin (1989) leidt tot grote 
fouten. 

A. Casenave et C. Valentin, 1989, Les etats de surface de la zone sahelienne, 
influence sur I'infiltration, Editions de iORSTOM, Paris. 



10. Niet al het water in de woestijn is luchtspiegeling. 

11. Uit recent onderzoek blijkt dat de regendruppels nog net zo vallen als 50 jaar geleden. 

12. Remote areas become more remote with remote sensing. 

13. De aanbeveling van de nationale kruisvereniging, om een bepaald merk luiers te kopen 
doet afbreuk aan de geloofwaardigheid van de overige adviezen. 

14. Met de verdringing van de automobiel door de personal computer als eerste 
gespreksonderwerp is er niets veranderd: het ego komt nog steeds voorop. 

Stellingen behorende bij het proefschrift van Gerrit F. Epema: Spectral Reflectance in the 
Tunisian Desert. 

Wageningen, 16 oktober 1992. 



ABSTRACT 

Epema, G. F. Spectral reflectance in the Tunisian desert Doctoral thesis, Wageningen 
Agricultural University, The Netherlands. 150 pages. 

Satellites provide the possibility to give a synoptical view of the earth surface at 
regular time intervals. Satellites operating in the optical wavelengths have however as 
disadvantage that monitoring of the surface characteristics becomes impossible as soon as 
clouds are present Deserts and desert margins are for that reason much more appropriate for 
monitoring by optical satellites than temperate and wet tropical areas. Potential hazards, 
possibilities and often inaccessibility makes use of optical remote sensing very reasonable. 
Landsat Thematic Mapper (TM) satellites provide a much better spectral resolution than other 
satellites at reasonable spatial and temporal resolution. The presented research was hence 
focused on the spectral possibilities of Landsat Thematic Mapper for determining surface 
characteristics and their dynamics in desert areas. Field measurements of reflectance in 
different seasons were performed to evaluate the effect of different factors and their dynamics 
on reflectance. A field radiometer (MMR) with TM compatible bands was used. The study 
was performed in southern Tunisia in an area with large variation: footslopes, dunes and 
dynamical salt plains, all with few or absent vegetation cover. Dominant mineralogy is 
representative for many arid areas and comprises gypsum, carbonate, quartz and halite. 

In order to compare results of field reflectance measurements with Landsat Thematic 
Mapper data, adequate processing of both data sets is necessary. 
General accepted assumptions that reference plates are ideal reflectors have to be rejected. 
Both wavelength and insolation angle dependant reflectance of the panel has to be determined. 
For large solar zenith angles also corrections have to be made for influence of diffuse 
irradiation (Chapter 2). 

Use of calibration coefficients given for Landsat Thematic Mapper data processed in 
Fucino will cause large errors in calculating reflectance data. It turned out that these 
coefficients were not updated for deterioration of the sensors during the flight and that 
calculations were made based on two different definitions of bandwidth. In order to achieve 
adequate values of reflectance these errors were evaluated and corrected (Chapter 8). 

The evaluation of factors affecting field reflectance can be separated in external and 
internal ones. 

The influence of external factors, solar zenith angle and atmosphere was evaluated 
(Chapter 3-4). Solar zenith angle dependant reflectance turned out to be limited for this area, 
if measurements are performed with solar zenith angles up to 65 degrees. In spring on the 
footslopes reflectance values at noon were about 10% higher than those at 65 degrees. 
Differences on the playa were even less. Both based on accuracy and applicability of the 
results (observations of this area at these latitudes with Landsat TM take place with angles 
ranging between 28 in June and 63 degrees in December), 65 degrees can be considered as 
a useful limit for performing adequate measurements. 

Influence of atmosphere on field reflectance is limited. The evaluation of the external 
factors leads to the conclusion that all measurements with a solar zenith angle less than 65 
degrees and on clear days could be used for obtaining a field data reference set 



Field measurements showed that Landsat TM-like bands are very useful in detecting 
the surface characteristics (internal factors) in this area (Chapters 5 - 7). 
Gypsum has absorption bands in both middle infrared bands (comparable with TM bands 6 
and 7) and carbonate in TM band 7. Since on footslopes and in dunes quartz is the other 
important mineral, a high reflectance in these bands points to presence of quartz. Standard 
field reflectance measurements showed that on footslopes gypsum, quartz and carbonate 
dominated areas have a different spectral signature. Differences in eolian deposits are even 
more clear: relations between gypsum content and indices derived from spectral reflectance 
could be established under field conditions. 

Presence of halite on the playas could be detected by relatively high reflectance in the 
visible part of the spectrum, especially in the blue band. Field reflectance on plots showed 
that moisture content induces a relatively low reflectance in all bands with an extra low 
reflectance in the middle infrared bands. Linear relations between volumetric moisture content 
and reflectance in individual bands in near and middle infrared turned out to be feasible. 
Most dynamical parts of the area turned out to be the playas, where after storms moisture 
contents of the top layer were affected for a long time and halite efflorescences occurred 
shortly after the storms. Although dust slowly covering the surface, even in spring plots with 
higher halite content could be derived from the spectral signature. Field plots in dune parts 
showed a large variation in reflectance between November and May too due to changes by 
wind. Dynamics on footslopes were much less important than in other areas. Variation in 
vegetation appears to be relatively small, while also effect of storms was not visible for more 
than a few days after a storm. 

Results of field reflectance were extrapolated to Landsat TM satellite data (Chapter 
9). It was possible to derive directly from Landsat TM data a number of useful classes for 
playas, footslopes and eolian material, having variation in surface mineralogy (gypsum, 
carbonate, quartz, halite) and variation in surface type. Also dynamics of factors like moisture 
and halite could be derived using multitemporal Landsat TM data. 

The presented methodology, implementing an extensive field reflectance measurement 
campaign, gives insight in possibilities of Landsat TM under a range of conditions. It 
corroborates that for operational application in arid areas Landsat TM data will be a useful 
source of information in addition to other types of remote sensing as for instance aerial 
photography. 

Key words: remote sensing, arid zones, Landsat Thematic Mapper, field reflectance, gypsum, 
carbonate, quartz, halite, moisture content 
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GENERAL INTRODUCTION 

BACKGROUND 

Remote sensing instruments on board of satellites and other platforms produce data 
of earth surface features and their dynamics. The transformation of these data to useful 
information in specific research and application fields is vital for successful use of remote 
sensing. 

In the Dutch Remote Sensing Programme (NRSP-1) different aims were formulated. 
Relevant for this research were "stimulating of background research" and "stimulating of 
research to possible applications". Background research for optical remote sensing should be 
directed to spectral signatures in relation to their characteristics and conditions. Applications 
in tropical areas should be based on phenomenological research including dynamic aspects 
of the phenomena. The present research fits well in these aims. Spectral signatures and their 
temporal variation are studied for the Landsat Thematic Mapper, an operational satellite with 
a high spectral resolution. As study area a desert area is chosen, where potential applications 
of optical remote sensing are functional considering potential hazards and difficult logistic 
conditions in the field. The presented study is financed in the NRSP-1 in the Background 
section (AO-4.2) and supervised by the Netherlands Remote sensing Board (BCRS). The 
future application of results of this study will be mainly related to mapping and monitoring 
of desert and desert margins. 

Landsat Thematic Mapper is an example of a satellite scanner which records the 
natural electromagnetic energy reflected and emitted by the earth surface. Specific for this 
scanner is the spectral resolution for the reflective part of the spectrum (6 bands) in 
combination with reasonable spatial (30 x 30 meter) and temporal resolution (satellite 
overpass every 16 days) (Table 1). The thermal band was not considered in this study. 
Differences in spectral response and the spatial distribution of these responses are used as a 
means for identification of objects in a specific state. This high spectral resolution in 
combination with the operational status of the satellite which makes this instrument potentially 
useful already at this moment Moreover studying spectral response will be a start for research 
of imaging spectroscopy with much higher spectral resolution, which is foreseen to be 
operational in satellites for the next decades. 

Use of remote sensing satellites for mapping and monitoring deserts and desert 
margins seems very relevant if we consider potential hazards in these areas and the difficult 
logistic conditions. Observations with passive remote sensing are possible since the cloud 
coverage is generally low. Potential hazards in these areas are both natural and man-induced 
and comprise: strong decrease of vegetation induced by overgrazing or natural causes, 
salinization of oases and surroundings, erosion, threatening of villages by dunes and others. 
At the other hand potentials of the areas may not be used optimally: agriculture is possible 
if artesian water is available and used properly on the most suitable soils and presence of 
minerals may have been overlooked. Remote sensing is the only means to study for large 
areas processes like dune movements, dust transport, redistribution of salt and sediments in 
depressions. 
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AIM OF THE RESEARCH 

The aim of the research was to give a contribution to an evaluation of possibilities of 
Landsat Thematic Mapper for determining surface characteristics and their dynamics in a 
desert area. For this aim the following questions have to be answered: 
1) which factors influence reflectance under field conditions and how important are these? 
2) is it possible to derive surface characteristics and their changes from TM-like signals? 

The objects of study are sparsely vegetated footslopes, sand-dunes and playas. The 
research on footslopes and sand-dunes is focused on spectral possibilities of TM bands for 
determination of the natural variation in dominant minerals: quartz, carbonate and gypsum. 
For the playas the study is focused one both spatial and temporal variation in surface type, 
mineralogy and moisture content 

If it is possible to extrapolate the field measurements to Landsat TM and show that 
it is possible to derive these objects and object characteristics from TM, it may be concluded 
that in arid areas Landsat TM will be an useful additional source of remote sensing 
information. Ideally results of this study may then be used as an aid in solving problems in 
desert areas. 

RESEARCH STRATEGY 

For this research two relatively well accessible areas located in the desert of southern 
Tunisia, with variation in surface characteristics in space and time, were selected. These areas 
comprise footslopes at the foot of cuesta ridges, dunes and sand-sheets, and playas. The 
lithology is dominated by quartz, gypsum and carbonate on the footslopes, by quartz and 
gypsum in the dunes. The playas show in addition a large variation in halite content, moisture 
content and surface type. Despite the low annual rainfall (about 100 millimetres, falling 
mainly between November and February), dynamics of halite and moisture in the playa is 
considerable. In the whole study area wind plays a role. Outside the oases vegetation coverage 
exceeds 5% of the surface only in exceptional cases. 

Field research and TM data acquisition was performed in both wet and dry season to 
establish the temporal variation. In order to determine important factors which influence 
reflectance much emphasis was given to field reflectance measurements with a TM 
compatible instrument The field instrument a Barnes MMR, has bandpasses comparable with 
Landsat TM (table 1). Results of field reflectance measurements in combination with other 
field observations were used for predicting and explaining Landsat TM signals. 
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Table 1 Bandpasses (-3dB) of Barnes MMR field radiometer (50% power bandpass limits) 
and Landsat Thematic Mapper (full-width at half-maximum method) of reflectance part of the 
spectrum. 

Blue 
Green 
Red 
Near IR 

MIR 1 
MIR 2 

Barnes MMR 
nr. of 
band 

1 
2 
3 
4 
5 
6 
7 

wavelength 
limits 

0.458-0.525 
0.519-0.601 
0.637-0.687 
0.739-0.898 
1.174-1.334 
1.574-1.803 
2.083-2.371 

Landsat TM 
nr. of 
band wavelength 

1 
2 
3 
4 

5 
7 

limits 
0.4524-0.5178 
0.5280-0.6093 
0.6264-0.6923 
0.7764-0.9045 

1.5675-1.7842 
2.0972-2.3490 

Including those field reflectance measurements has major advantages above purely 
satellite-borne campaigns with field check in specific areas: 
(1) the effect of external factors like solar zenith angle and atmosphere on reflectance can be 
established for a range of conditions. Landsat TM produces only data for a specific solar 
zenith angle and a specific atmosphere. 
(2) a direct relation between a TM-like signal and natural surface characteristics can be 
studied. The influence of atmosphere on field reflectance is probably limited. 
(3) reflectance of the different components present in the TM ground resolution elements can 
be determined. Within a Landsat TM pixel almost always a certain variation is present 
(4) the effect of changes of the surface on reflectance as a function of for instance artificial 
or natural moistening can be measured directly. Landsat TM produces only data for every 
location on earth every 16 days at the same solar time. 

To use the field data for predicting and explaining TM signals an adequate processing 
of both field and satellite data is a prerequisite. This is evaluated extensively in chapter 2 and 
8. In addition the effect of external factors like atmosphere and solar zenith angle on the 
signals has been investigated (chapter 3 and 4). With the aid of field measurements relations 
were found between reflectance and surface characteristics and their dynamics (chapter 5-7). 
Possibilities to derive information from Landsat TM, using relations found in the field, was 
described in chapter 9. 

15 



OUTLINE OF THIS THESIS 

In chapter 2 different sources of error in determination of the bidirectional reflectance 
factor are evaluated. The evaluation is focused on measurements and equipment used the field 
campaigns in southern Tunisia. 

In chapter 3 diurnal variation of field reflectance is described. It was examined to 
which extent mis variation was caused by roughness and by moisture. Reflectance was studied 
for a range of solar zenith angles and for both footslopes and playa parts. 

In chapter 4 atmospheric condition and its influence on field reflectance is evaluated. 
For this aim field reflectance and atmospheric conditions (diffuse to total irradiances) were 
determined. The measured ratios were also used in the atmospheric model of Verhoef to 
predict ground reflectance derived for satellite overpasses at realistic atmospheric conditions. 

In chapter 5 the effect of natural and artificial variation in moisture content on field 
reflectance is examined. Natural daily, seasonal and inter-seasonal variation in moisture and 
reflectance was studied. Field experiments were used to test linear relations between moisture 
content and reflectance. 

In chapter 6 results of field reflectance measurements on artificial plots of pure 
samples of gypsum, quartz and carbonate were discussed. Three variables have been 
considered: different mineralogy of comparable grainsizes, different types of gypsum and 
difference in iron content Spectral variation in MMR bands is explained with laboratory 
spectra with higher spectral resolution. Reflectance of pure plots will be used as an aid for 
explaining spectral variation on natural plots. 

In chapter 7 field reflectance of natural plots is analyzed. Knowing influence of 
atmosphere and solar zenith angle spectral variation can be explained with surface 
characteristics. Spectral reflectance will be interpreted with factors as roughness, gypsum, 
calcite, quartz, halite and moisture content The field reflectance data set is meant as a base 
for explaining differences in the TM data set 

In chapter 8 the derivation of reliable planetary reflectance data from Landsat - 5 
Thematic Mapper data, processed by Earthnet is described. Use was made of EOSAT 
experiments to correct the standard gains and apply the actual bandwidth to the Earthnet 
tapes. 

In chapter 9 mapping of surface characteristics with Landsat TM data is discussed. The 
averages of clusters formed with unsupervised classification are transformed with the aid of 
the Verhoef model to ground reflectance values. The data set from chapter 7 was used to 
construct maps on surface characteristics and their dynamics with Landsat TM data. 

In chapter 10 general conclusions are given. 
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CHAPTER 2 

STUDIES OF ERRORS IN FIELD MEASUREMENTS OF THE BIDIRECTIONAL 
REFLECTANCE FACTOR. 

Remote Sensing of Environment 35: 37-49. 
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REMOTE SENS. ENVIRON. 35:37-49 (1991) 

Studies of Errors in Field Measurements of the 
Bidirectional Reflectance Factor 

F. Epema 
Agricultural University of Wageningen, Department of Soil Science and Geology, 
Wageningen, The Netherlands 

H/rrors in the determination of the bidirectional 
•eflectance factor (BRF) were studied in a measur-
ng campaign in the desert using one radiometer, a 
prayed barium sulfate panel as reference and so-
arimeters. The following sources of error were 
evaluated: (l) specific characteristics of instru-
nents, (2) interpolations due to non-simultaneous 
neasurement of panel and object, (3) optical prop­
erties of the panel and (4) dependence of panel 
•eflectance on atmosphere. The most significant 
errors occurred if the solar zenith angle dependent 
•eflectance of the panel was ignored. Moreover, the 
issumption that all irradiance is direct, was dis­
covered to be an important source of error, in 
mrticular pertaining to panel reflectance at large 
olar zenith angles, at short wavelengths and non-
ambertian panels. The use of simultaneous so-
arimeter readings when object measurements were 
aken under nonideal atmospheric conditions may 
)e partly of help. 

INTRODUCTION 

Dbjects may be characterized by their reflectance. 
This enables certain features to be discriminated 

Address correspondence to G. F. Epema, Agric. Univ. of Wa-
[eningen, Dept. of Soil Sci. & Geology, P. O. Box 37, 6700 AA 
Vageningen, The Netherlands. 

Received 28 July 1989; revised 6 November 1990. 
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from the background in the upwelling reflected 
radiance field. Reflectance usually quantified using 
the bidirectional reflectance factor (BRF) is de­
fined as the ratio of radiance measured over a 
target to that measured over a horizontal reference 
panel. The panel in this definition is specified to 
be perfectly diffuse, completely reflecting, and 
viewed under the same irradiation conditions and 
in the same geometry as the target (Milton, 1987). 
For comparisons with imagery from near-nadir 
looking satellites such as Landsat, the BRF in the 
field must also be measured from nadir. Milton 
(1987), after Robinson and Biehl (1979) and 
Jackson et al. (1980), presented an overview of the 
principles of field spectroscopy. For adequate re­
flectance data, however, the measurements have to 
be corrected in the proper manner. For practical 
reasons not all corrections are actually applied in 
field surveys. The aim of this study is to establish 
the effect of different types of corrections for de­
termining the BRF for nadir observation. 

Results of a measuring campaign in April 1988 
in southern Tunisia using one Barnes Modular 
Multiband Radiometer (MMR) and one reference 
panel are provided. The measuring campaign is 
part of a project to ascertain the importance of 
Landsat Thematic Mapper (TM) data for the char­
acterization of bare soil surfaces. The measure­
ments reported were confined to relatively good to 
excellent circumstances, i.e., with almost cloudless 
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skies. Useful Landsat Thematic Mapper data can 
only be gathered without much cloud. Although 
the results presented here are specific to these 
areas and this type of instrument, they also give an 
indication for measurement conducted under other 
circumstances. 

The extent of the importance of the following 
corrections to the raw measured voltages of the 
instruments for the determination of BRF has 
been tested: 

1. Corrections for specific characteristics of the 
instruments. 

2. Corrections for nonsimultaneous measurement 
of object and reference panel, occurring in a 
setup with one instrument necessitating cor­
rection for temporal change. 

3. Corrections for optical properties of the refer­
ence reflectance panel. 

4. Corrections for the dependence upon the at­
mosphere of a nonlambertian panel upon at­
mosphere. The significance of the angular dis­
tribution of the diffuse irradiance and of the 
ratio of diffuse to total irradiance was investi­
gated. 

EXPERIMENTAL METHODS AND 
CONDITIONS 

Measurements were made with a Barnes Modular 
Multiband Radiometer (MMR) (Robinson et al., 
1979) equipped with a 15° field of view (FOV) 
aperture. In field surveys a 15° FOV is normally 
used to average over surface irregularities of the 
target (Biggar et al., 1988). The MMR was 
mounted on a tripod with the viewing direction 
vertical and the height above the surface 
1.5 m. Reflected radiation was measured over the 
different objects every hour. Reference radiance 
readings from the standard reflector painted with 
barium sulphate were taken at the start and finish 
of each measurement sequence. The BRF in a 
given MMR bandpass was determined by dividing 
the radiance reflected from an object by that from 
the standard reflector in the same nominal band­
pass. To compare the curves of spectral response 
functions for the MMR with the one used, I refer 
to Jackson and Slater (1986). 
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Table 1. Bandpasses ( - 3 dB) of Barnes MMR Field Ra­
diometer (50% Power Bandpass Limits) and Landsat The­
matic Mapper (Full-Width at Half-Maximum Method) 

Barnes MMR 
Band 
No. 

1 
2 
3 
4 
5 
6 
7 

Wavelength 
Limits 

0.458-0.525 
0.519-0.601 
0.637-0.687 
0.739-0.898 
1.174-1.334 
1.574-1.803 
2.083-2.371 

Band 
No. 

1 
2 
3 
4 

5 
7 

Landsat TM 
Wavelength 

Limits 

0.4524-0.5178 
0.5280-0.6093 
0.6264-0.6923 
0.7764-0.9045 

1.5675-1.7842 
2.0972-2.3490 

Table 1 shows the comparison of the band-
passes provided by the manufacturer with those 
obtained from Landsat Thematic Mapper (TM] 
data of Landsat-4 and -5 by Markham and Barker 
(1986). Reflectance data obtained with the MMP 
cannot be compared exactly with Landsat TM du« 
to the difference in spectral response in eacli 
bandpass between the instruments (Duggin anc 
Philipson, 1985). The MMR can be used to mea 
sure thermal radiation (not used in this study) anc1 

also temperatures inside the equipment. The out 
put signals of the MMR bands have a range of 
0 . 0 -+ 5.0 V and the instrument is provided with 
gain switches for an adequate dynamic range. In 
our experiments values above 3.0 V were always 
measured with a gain switch on 0.5, while values 
below 0.1 V were measured with a larger gain 
setting on the multimeter. Errors between read­
ings made at different range settings were negligi­
ble. 

The effect on reflectance has been evaluated 
for the following factors. 

Specific Characteristics of the Instruments 

The following factors were studied in detail: 

a. The dark voltage in the MMR and recording 
system. The dark voltage is the sensor signal 
with all light blocked from detectors. 

b. Errors due to incorrect gain factors of the 
MMR. 

c. The temperature sensitivity of PbS detectors 
of the MMR Bands 5, 6, and 7, and the 
temperature sensitivity of the recording multi­
meter. A lower output was measured with 
increasing temperatures. All values were recal­
culated for a reference temperature of 25°. 
Unlike the procedure of Jackson and Robinson 
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(1985), the relation between temperature of 
instrument and voltage for this instrument was 
determined in the laboratory and not in the 
field. 

Interpolations to Correct Reflected Radiance 
Values from the Panel for Temporal Variation 
during Sample Measurement 

Two types of interpolations were evaluated: 

a. Linear interpolation based on time for stable 
atmospheric conditions. 

b. Interpolation based on solarimeter values for 
unstable light conditions. 

When measuring the objects, in order to de­
tect unpredictable differences between measure­
ments due to clouds or haze, a solarimeter (type 
Kipp CM 11) was installed and read simultane­
ously as recommended by Milton (1987). Further­
more, the relationship between solarimeter read­
ings and reflected panel values of individual bands 
were determined. In this way it was possible to 
ascertain whether solarimeter values, measuring 
over a broad range of the spectrum (0.3-2.8 /im), 
could be used to estimate the incoming radiation 
in the specific MMR bands. 

Reflectance of the Panel for Different Solar 
Zenith Angles 

The reflectance of the panel under diffuse illumi­
nation was determined in the laboratory with a 
set-up (not to scale) as given in Figure 1. The 
panel or standard were diffusely illuminated and 
sampled from nadir and the reflected radiance was 
recorded by the detectors, after passing a 
monochromator. Si or PbS detectors were used 
depending on wavelength, the signal for the PbS 
detectors being chopped to minimize errors due to 
drift. This setup was selected since all panel mea­
surements in the field campaigns were made from 
nadir. Reflectance was calculated by the ratio of 
the signal from the panel to that from the standard 
BaS04 multiplied by the reflectance of the stan­
dard (DIN 5033) BaS04. The sampling intervals 
of 15 nm were integrated over the response func­
tion of the bandpasses of the MMR as given by 
the manufacturer. 

The solar zenith angle dependence of the re­
flectance of the panel viewed from nadir was 

tested in the field and in the laboratory; the field 
method was described by Jackson et al. (1987). 
Since the zenith angle dependence of the panel 
could constitute a significant source of error and 
the accuracy of a field method could be unreliable, 
the angular dependence was determined once 
again in the laboratory. A setup was chosen con­
sisting of three parts: 1) source, a halogen lamp of 
400 W and a chopper and diaphragms, 2) the 
panel, and 3) a detector unit, including lenses, 
diaphragms, and filters, which provided a 1° FOV. 
These three parts were able to move indepen-
dendy of each other. For view and illumination 
zenith angles of 2-90°, the signal was recorded. 

Atmospheric Conditions 

The measured reflectance of a nonideal panel is 
not only determined by the total global irradiance, 
but also by the ratio of diffuse to direct irradiance. 
Consequendy, the diffuse component for each 
panel reading was determined by shading the 
panel. Errors in the determination of the diffuse 
irradiance caused by the interruption of part of the 
diffuse (sky) radiance from around the solar disk 
were evaluated. Realistic atmospheric models 
(Verhoef, 1985) were used to accurately calculate 
the diffuse reflectance for the reference re­
flectance panel. 

RESULTS AND INTERPRETATION 

The effects on reflectance of the different types of 
corrections may be estimated from the voltages 
measured over the panel and the range of surface 
reflectances after the necessary corrections have 
been made as presented in Figures 2—4. 

In Figures 2 and 3 measured voltages of the 
unshaded and shaded panel are provided for Bands 
1 and 7. These values were used to calculate total 
and diffuse radiation. Values of uncorrected volt­
age for Bands 2 -4 were about 10-15% lower than 
those measured simultaneously for Band 1. The 
maximum values of Band 7 occurred before solar 
noon because no temperature correction had as 
yet been applied to these values. During the mea­
surement campaign, the internal temperature of 
the instrument was between 15°C and 33°C. Un­
corrected Band 5 and 6 values differ less than 5% 
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Figure 1. Experimental setup to determine panel reflectance under diffuse illumination. 

Key: 
1 standard reflector or BaSo4 /Zeiss standard 
2 power supply 
3 lamp 
4 integrating sphere (Zeiss RA3) 
5 mirror 
6 lenses 
7 diaphragm 
8 monochromator (Jolin Yvon HR320) 
9 grating 

10 filterwheel 
11 detectors 
12 power supply 
13 lockinamplifier (Stanford SR530) 
14 chopper 
15 steering 
16 computer 

Notes: 
-BaSo4 standard according to DIN 5033 and Zeiss standard 20075 
-Sampling interval: 15 nm 
—Detectors: Si, PbS and photomultiplier 
-Chopper: used for PbS 

—Lamp: 60 W Halogen 

from the Band 7 values of the unshaded panel. 
Uncorrected diffuse values of Bands 2 - 6 are be­
tween values of Bands 1 and 7. 

In Figure 4 two extreme BRFs measured from 
nadir are given for bare soils observed in southern 
Tunisia as determined using our setup. For bare 
soils in this area most values (98%) are in between 
these examples. 

Instruments Corrections 

The dark level measurements performed under a 
range of temperature conditions both in the field 
and in the laboratory only revealed small differ­
ences. The mean dark level values for two gain 
factors of the multimeter provided in Table 2 show 

standard deviations to be less than 0.001 units. 
Gain settings of the Barnes MMR also appear to 
have little influence on the dark level. As a result, 
dark voltage values are so low that they could be 
ignored, except for objects with a low reflectance 
and with very low irradiance readings. 

To measure voltages above 3 V the gain switch 
of the MMR is set from 1.0 to 0.5. Voltages above 
3 V, however, cannot be calculated directly by 
doubling the measured values (Table 3). For in­
stance, Band 1 voltages measured with the gain 
switch on 0.5 have to be multiplied by 1.965 
instead of by 2.000 to achieve an accurate value. 
Failure to use this multiplier will result in an error 
of nearly 2%. In Table 4 intercept and slopes are 
given for the relation between temperature and 
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Figure 2. Uncorrected output voltages of MMR Band 1 as a function of time for April 1988 field 
campaign: ( • ) unshaded panel; ( + ) shaded panel. 

Figure 3. Uncorrected output voltages of MMR Band 7 as a function of time for April 1988 field 
campaign: ( • ) unshaded panel; ( + ) shaded panel. 
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Barnes MMR bands 

Figure 4. Bidirectional reflectance factor of two bare soil surfaces in southern Tunisia with a very 
low and a very high reflectance for the MMR bands. 

Table 2. Dark Level Values of MMR and Multimeter for 
Two Multimeter Settings 

0-0.3 V 
0-3 V 

1 

.0060 

.007 

2 

.0030 

.004 

3 

.0058 

.007 

4 

.0054 

.006 

5 

.0051 

.006 

6 

.0045 

.006 

7 

.0012 

.002 

Table 3. Multiplication Factors for Voltages Measured with 
Gain Setting of 0.5 to Standard Gain of 1 for the MMR 
Bands 

MMR Band 

Multiplier 

1 

1.965 

2 

1.985 

3 

1.985 

4 

1.989 

5 

1.989 

6 

1.992 

7 

1.987 

voltage output of the sensors. The PbS sensors are 
very sensitive to temperature variations. The inter­
cept/slope (a/b) ratios of the sensor are in 
accordance with the findings of Jackson and 
Robinson (1985) for Band 7, the a/b ratios of 
Bands 5 and 6 are higher. Note that even if 
voltages are not adjusted for this temperature ef­
fect, the calculated reflectance values would hardly 
deviate from the correct values. Both the-voltage 
corresponding to radiance reflected by the object 
and the interpolated value of the reflectance of the 

Table 4. Relation between Output Voltages of MMR and 
Sensor Temperature 

MMR Bands 1 2 3 4 5 6 7 

Intercept (o) .0708.1004 .1825.3100 
Slope (fc) .0001.0002 - .0001.0009 
a/b 701 408 - 1520 341 -
o/fcCJ&R)* 

1.2444 
-.0169 
73.5 
65.4 

1.4960 2.0462 
-.0194 -.0318 

-76.9 -64.3 
-64.2 -64.6 

"Voltage MMR at 25°: measured voltage at temperature T times 
(a /b +25) /(.a/b + T). 

Jackson and Robinson (1985). 

panel have to be multiplied by almost the same 
factor. The temperature changes of the instrument 
were observed to be very regular and the tempera­
ture increase seldom exceeded 2° in one of the 
measurement series. 

The figures of both Tables 3 and 4 are proba­
bly instrument-dependent and could therefore 
differ for each MMR. In the laboratory, the re­
sponse of the multimeter to different temperatures 
tested against a calibrated instrument showed de­
viations of less than 0.5%. Linear response of the 
MMR instrument was not tested. The manufactur­
ers specification of 2% was adopted due to lack of 
alternative information. 
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Impact of Interpolations Needed Should 
the Reflectance Panel Not Be Measured 
Simultaneously with the Object 

Duggin and Cunia (1983) statistically demon­
strated that simultaneous, as compared to sequen­
tial, measurement of irradiance and radiance 
reflected from the target is the most reliable 
technique. Therefore, in principle, the reflectance 
of the reference panel or the irradiance measure­
ment with an uplooking radiometer (Duggin, 1980) 
has to be determined at the same time as the 
object measurement. If, however, only one MMR 
instrument is available, another solution has to be 
found. In this study simultaneous solarimeter 
readings at the moment of measurement of the 
object were taken. 

Under stable conditions a linear interpolation 
of reference panel values in 1 h provides a negligi­
ble error in reflectance. Solarimeters were only 
used to check the stability of the atmospheric 
conditions. In the period before 11:00 and after 
13:30 (lowest solar zenith angle at 12:15), interpo­
lated panel reference values in a period of 1 h are 
only 0.5% lower than the actual value. If in an 

extreme situation, in the period 0.5 h before to 0.5 
h after the highest zenith angle, the interpolated 
panel reflectance is determined, it would amount 
to 98.5% of the real value. In our campaign, mea­
surement sequences of a series of plots and panel 
generally took less than 15 min. 

Linear interpolations are inadequate under 
variable atmospheric conditions. Significant linear 
relations at a — 0.05 of individual Bands 1-4 with 
solarimeter readings for the measurement days 
were detected (Fig. 5). This is remarkable since 
response times between MMR and solarimeter are 
different and since solarimeters measure a broader 
spectral range than the MMR. Nevertheless, on 
the worst day on which reliable measurements 
were made, deviations of up to 10% from the 
regression line between solarimeter readings and 
individual bands are feasible. In Bands 5, 6, and 7, 
those including only a small percentage of the 
total reflected solar irradiance, it is even more 
risky to make estimates from solarimeter values for 
hazy conditions. This is especially true if small 
thin clouds exist. The error results from a combi­
nation of the longer time constant of the solarime­
ter and a high frequency variation in irradiance. In 

Figure 5. Relation between solarimeter output and corrected MMR Band 1 for different days. 
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Figure 6. Relation between solarimeter output and corrected MMR Band 7 for different days. 

Figure 6 showing the relationship between the 
output from Band 7 and the solarimeter output, 
the points distant to the line are the result of the 
variability in atmospheric transmission and of the 
varying ratio of direct solar to diffuse sky irradi-
ance, averaged out by the solarimeter. If rapid 
changes of solar and sky irradiance occur, the use 
of solarimeters is inaccurate due to differences in 
response time between the MMR and the so­
larimeter. Under these conditions no reliable mea­
surements could be determined within the scope 
of the setup. 

Reflectance of the Panel 

Reflectance values of the standard reference re­
flector for the MMR bands are provided in Table 
5. They are significandy less than 1.00, as has 
generally been reported (e.g., Duggin, 1980). 

Another source of error in the determination of 
the BRF will occur if the reflectance of the panel 
measured from nadir is strongly solar zenith angle 
dependent. Figure 7 shows panel reflectances from 
Bands 1 and 7 determined in the laboratory for a 
range of illumination zenith angles. The vertical 
axis is the ratio of the reflectance measured at 
each incident radiance zenith angle to that mea­

sured with irradiance at only 2° zenith angle. 
Laboratory measurements were integrated over 
the 15° FOV of the Barnes. This results in a 
smoothing of the curve and a lowering of the value 
at large incidence angles also stated by Biggar 
et al. (1988). The field experiment showed similar 
trends. Deviations were less than 2% for the Si 
detectors and up to 10% for the PbS detectors. 
Hence deviations for Si detectors were somewhat 
higher than those described by Biggar et al. (1988) 
(maximum 2% as compared to 1.35%). The band-
passes with Si detectors show greater zenith angle 
dependence of the standard reflector than the 
longer wavelength PbS bands, as also found by 
Jackson et al. (1987). Although most new standard 
reflector panels deviate less than 30% from 1am-
bertian behavior for solar zenith angles less than 
70° as our panel, the panel used was comparable 
with the worst panel described by Jackson et al. 
(1987). It is clear that under dominantly direct 
irradiance conditions (litde or no cloud) large er-

Table 5. Reflectance of Reference Panel under Diffuse Illu­
mination Conditions 

MMR Bands 1 

Reflectance 0.806 

2 

0.868 

3 

0.911 

4 

0.931 

5 

0.929 

6 

0.898 

7 

0.841 
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Figure 7. Relative reflectance of 
MMR bands for different view 
zenith angles in comparison with 
an illumination zenith angle'of 2°. 

rors occur if one assumes the panel to be lamber-
:ian. 

I"he Influence of Atmospheric Conditions to 
Panel Reflectance 

There is a difference between reflectance of a 
lonideal panel under diffuse and that under direct 
Rumination. Both types of irradiance exist under 
Jl natural circumstances, the relative contribution 
lepending on solar zenith angle, haze and cloud 
»nditions. To obtain the adequate panel re-
iectance, a weighted average of direct and diffuse 
•eflectance requires to be calculated. The re-
lectance of the panel has already been described 
or the direct component. The reflectance for natu-
•al diffuse irradiance of the panel and errors in 
letermination the diffuse component will be de-
;cribed now. 

A primary complication in determining the 
liffuse component is the nonuniform angular dis-
ribution of natural diffuse radiation; hence the 
aboratory values in Table 5 cannot be used di-
ectly. The nonlambertian character of the panel 
tiust be taken into account. Moreover, the angular 
listribution of hazy and clear sky diffuse irradi-
nce differs (Kimes and Kirchner, 1982). In a hazy 
ky, the diffuse component is more concentrated 

around the angle of incidence of direct radiation 
and does not increase at the horizons as it does in 
the case of a clear sky. To calculate the reflected 
output of our panel, taking into account the non­
lambertian behavior for different types of diffuse 
irradiance, an atmospheric model of Verhoef with 
a Mie scattering by aerosol haze representing 
desert conditions [principles of the entire model 
are described by Verhoef (1985)] was used. The 
ratio of the output of the panel under natural 
diffuse conditions to the diffuse reflectance values 
in the laboratory for MMR Bands 1-4 is provided 
in Figure 8. Here results of four conditions of this 
type of atmosphere ranging from hazy with a 
horizontal visibility of 5 km to very clear with a 
visibility of 40 km are presented. Conclusively, 
errors due to diffuse radiation for these four condi­
tions are less than 2% up to a solar zenith angle of 
60°. Hence a computed mean curve corrected in 
this way produces not only a systematic and slight 
deviation from the real values of diffuse irradiance 
but also a negligible deviation of the total re­
flectance of the panel. Kimes and Kirchner (1982) 
made similar determinations for another panel for 
red and near infrared reflectance and for two types 
of atmosphere [adopted from Dave (1978) type # 3 
and #4] . Their results are in good agreement with 
those presented above. 
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The diffuse component of the irradiance may 
be obtained by shading the panel with an occult­
ing disk. A drawback of this method is, however, 
that apart from intercepting the direct radiation a 
portion of the diffuse radiation is also intercepted. 
Therefore, the shown results in Figure 8 need to 
be corrected for the intercepted portion. Che et al. 
(1985) have suggested that measurements be per­
formed with the shading of the occulting disk next 
to the reference panel. The difference between 
this measurement of the panel and panel re­
flectance without any obstructions gives a measure 
of the intercepted radiation. According to Che 
et al. (1985), better estimates of the direct and, 
hence, also of the diffuse component should be 
achieved with this method. However, on examin­
ing the atmospheric distributions of sky irradiance 
in Verhoef s models, it is obvious that the accuracy 
of this method is unreliable especially with the 
occulting disk at a distance of less than 3 m as we 
have done for practical reasons. Therefore, apply­
ing the atmospheric models of Verhoef, ratios were 
calculated for our panel for two distances between 
occulting disk and panel (2 m and 1.35 m) in the 
form 

(ET - ES)/ET, 

where ET is the hypothetical total diffuse sky 
irradiance on our panel (corrected, using a model) 
and £ s is the portion of diffuse sky irradiance 
intercepted by the occulting disk. In Figure 9 
these ratios are given for MMR Bands 1-4, two 
conditions of the atmosphere, and two distances 
between occulting disk and panel. 

It is well known that diffuse/total ratios are 
greater with an increasing solar zenith angle and 
decreasing wavelength (Iqbal, 1983). Therefore, 
assuming only direct irradiance, the occurrence of 
errors is dependent on wavelength and solar zenith 
angle. For example, on an average day, panel 
irradiances under the assumption of only direct 
irradiance produce a value 2% higher with a solar 
zenith angle of 60°, and a value 2% lower with 25° 
in Band 1. With increasing wavelength the devia­
tions decrease and for Band 7 values are always 
within 1% up to 60°. In the case of higher zenith 
angles, assuming only direct irradiance, errors in­
crease for all bands dramatically: For example, 
with 70° for Bands 1 and 7, reflectance values 15% 
and 5%, respectively, too high for our panel will 
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be obtained. Jackson et al. (1988) based their 
calculations on Kimes and Kirchner (1982) and 
calculated a percent error in irradiance estimation 
for a range of reference panels. Their panels 
showed less dependence on atmosphere due to 
being closer to lambertian behavior. 

Field Techniques 

Apart from the processing errors described above, 
errors may also occur due to inadequate measure­
ments. I adopted most suggestions for good mea­
surements given by Milton (1987). The sensor was 
placed more than 1 m above the ground, not the 
ideal 2 m but at 1.5 m for practical reasons. The 
standard panel filled the view for all bands. 
The operators wore dark clothes and knelt as far as 
possible (a distance of about 1 m), and no vehicles 
or other obstacles were close to the target. It was 
also observed that wind influenced the vegetation 
reflectance but, due to the specific type of vegeta­
tion, far less than the values reported by Lord 
et al. (1985). Furthermore, vegetation comprised 
only a small part of the surface and the measure­
ments were, as much as possible, executed during 
periods of low wind velocity. Solarimeters were 
positioned centrally in the field and readings were 
taken simultaneously together with the target and 
panel measurements. It is shown above, however, 
that in poor sky conditions only rough estimates 
could be obtained from panel reflectance. For our 
measurements we mounted the MMR on a tripod 
with the sensor support directed to the sun, neces­
sitating the repositioning of the tripod for each 
measurement. Although this was accomplished 
with care, errors with each new positioning are 
bound to occur. 

CONCLUSIONS 

It is evident that the most significant errors when 
calculating the BRF may be because the re­
flectance of the BaS04 panel is assumed to be 
100% or by ignoring the solar zenith angle depen­
dence of it. This last factor could be determined in 
the field using the method described by Jackson 
et al. (1987) only if atmospheric conditions are 
stable; otherwise a laboratory determination is re­
quired. 
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Figure 8. Relative error of diffuse 
irradiances as a function of solar 
zenith angle for four types of sky 
in (from left to right) blue, green, 
red, and near infrared MMR band -
passes for visibility of 5 km, 10 km, 
20 km, and 40 km. 

The reflectance of a nonideal panel under nat­
ural conditions is not solely a function of the solar 
zenith angle; apart from direct radiation diffuse 
radiation also exists. The diffuse sky radiance as a 
function of solar zenith angle was determined 
using one of Verhoefs atmospheric models. In this 

way, I was able to obtain correction factors for the 
panel and also for a specific distance between 
occulting disk and panel. Corrections for atmo­
sphere are especially necessary if a large part of 
the irradiance is diffuse as is the case for large 
solar zenith angles (more than about 60-70°) and 

0.8 

20 30 40 50 60 70 20 30 40 50 60 70 20 30 40 50 60 70 20 30 40 50 60 70 

5 km 1.35m 
5 km 2.00m 
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A 40 km 1.35m 
V 40 km 2.00m 

Figure 9. Relative error in diffuse 
radiation due to intercepting too 
much diffuse irradiance by the 
occulting disk for distances of 1.35 
m and 2.00 m, respectively, with 
a very clear and a hazy atmosphere 
(calculations with the Verheof 
model). 
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at short wavelengths. In order to avoid calcula­
tions for distance, a distance of at least 3 m 
between occulting disk and reference panel, al­
though often impractical, is recommended. 

Other corrections, although less important in 
our study, have been applied to the data set: 
effects of dark level, gain, and temperature sensi­
tivity. For some instruments it may also be neces­
sary to evaluate the linearity of the radiometer and 
the reliability of the multimeter or data logger. It 
has been shown that, for stable conditions, linear 
interpolations of measurements of panel re­
flectance bracketing sample readings cause only 
small errors in derived sample reflectance if mea­
surements are recorded with a 10-s time interval 
accuracy. If atmospheric conditions are unstable, 
although solarimeters may be of help in selecting 
conditions where linear interpolation is feasible, 
the possibility of relatively large errors remain. 

Adequate field techniques, such as those de­
scribed by Milton (1987), are vital for appropriate 
BRF determinations. It is better, however, to in­
corporate the determination of the amount of dif­
fuse radiation by intercepting sunlight in a proper 
way in the field survey. Apart from using it to 
determine the total irradiance satisfactorily, the 
ratio diffuse/total irradiance is a good measure for 
the particular type of atmosphere at that moment. 
The ratio is much more sensitive than the total 
irradiance and is therefore used in atmospheric 
models relating satellite data to ground re­
flectance, as, for example, that of Verhoef (1985). 

If data are treated in the manner described 
above, a consistent field BRF under the specific 
atmospheric conditions is determined. If cam­
paigns are to be conducted far from base laborato­
ries, a minimum program includes: 

—calibration of the reflectance standard panel 
in a base laboratory before the field cam­
paign; 

—determination of solar zenith angle depen­
dence of the standard reflector in the field 
at start and finish of campaign; 

—simultaneous solarimeter readings taken 
during reflectance measurements in order 
to avoid large errors due to changing condi­
tions by eliminating measurements during 
very variable irradiance conditions, and al­
lowing for measurements to be made under 
less ideal conditions. 
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CHAPTER 3 

DIURNAL TRENDS IN REFLECTANCE OF BARE SOIL SURFACES 
IN SOUTHERN TUNISIA. 
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tract 

In an area in southern Tunisia diurnal trends of bare soil surfaces have been investigated. The 
y area comprises two main parts: the footslopes and the playas. 

The diurnal variation of the bidirectional reflectance factor (BRF) in nadir direction on the 
slopes is dominated by the effect of roughness. Maximum BRF is found with small solar zenith 
!es due to decrease in shadow related to surface roughness. For Landsat overpass it implies that 
normal ground reflectance tor a bare surface on the footslopes at identical surface conditions is up 
0% lower in December (solar zenith angle 63 degrees) than in June (28 degrees). Band ratios on 
footslopes hardly change with variation of zenith angle. 

The diurnal variation in the playas is dominated by moisture. Asymmetric daily curves, with the 
tst reflectance in the morning have been found. Four phenomena are reported which can be held 
tonsible for this effect This daily effect of moisture is weather dependent and may obscure long 
changes of TM signal. In band ratios even with TM band 7 the diurnal moisture change can hardly 

letected. 

xluction 

an area in Southern Tunisia research has been 
id out to investigate the relations between Landsat 
latic Mapper (TM) signals and ground surface charac-
ics and its dynamics. Landsat TM observes the earth 
16 days at the same time. Differences in signal are 

anly caused by changes of the surface, but also by 
ences in solar zenith angle and atmosphere. Ground 
tance measurements in combination with ground 
•vations were used as an aid in understanding the 
'ved TM signal. It is clear that also ground reflectance 
pecific location is not constant. It may vary as a func-
of atmospheric condition, solar zenith angle and 
ges of the surface. This report aims to assess the 
of diurnal variation of ground reflectance of charac-

ic surfaces and conditions for days with good atmos-
c conditions. This gives insight to what extent 
ces deviate from a Lambertian behaviour. It is there­
in aid in comparing reflectance of objects observed at 
ent times of the day. The influence of atmosphere 
>e reported elsewhere (Epema in preparation). 
Fig. 1 the location of the study areas is given. Exten-
iescriptions of the area on various aspects is given by 
e (1962), Coque and lauzein (1967), Meckelein (1977). 
lell (1983), Millington et al (1987) and Ongaro (1988). 
irea is situated at the margin of the Saharan Platform 

rto International (4) 1990 

and the folded Atlas ranges. A large part of the zone of 
subsidence is occupied by playas (locally known as 
chotts). The Chott el Djerid is the largest of them and has 
an elongated northeastern arm (Chott Fedjaj), which has 
been formed by faulting in the top of an anticlinal uplift 
(Coque 1962; Jones and Millington 1986). The cuesta ridge 
of the Djebel Tebaga is located in the southern part of this 
uplift. It is surrounded by footslopes. Locally dunes of 
various sizes cover parts of playa margins and footslopes. 
The rainfall in this area is less than 100 mm per year. Apart 
from some oases, vegetation cover exceeds 5% of the 
surface only in exceptional cases. The inner parts of the 
playa have no vegetation cover at all. 

The study areas comprise parts of the playas and the 
footslope areas. The western area is located in the Chott 
Djerid, while the eastern area is located at the margin of 
Chott Fedjaj and the footslopes of the Djebel Tebaga. 

(1) Playa: The appearance of the playa varies in space 
and time. They are underlain essentially by gypsiferous 
sediments. Extensive descriptions are given by Mitchell 
(1983) and Millington ef al (1986). In the winter wet 
season, but also after individual storms, large parts exhibit 
standing water and upon drying relatively clean salt crusts 
develop. Part of the water (with sediments) is derived from 
the surrounding mountains and spatial distribution is a 
function of small relief differences and location of storms. 
Locally just below the surface black layers alternating with 
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Fig 1. Location of the study areas in Southern Tunisia. 

heavy layers exist. As described by Coque (1962), Mecke-
lein (1977) and Ongaro (1988), the black layers are formed 
by algae. Especially in spring and summer silty and sandy 

material is blown in. Spatial variation of surface ty 
important: thick crusts especially in the centre, polyj 
structures of various sizes and changing in time anc 
large areas almost devoid of salt are present. Withii 
last area also relatively rough parts exist. 

(2) Footslopes in the area are mainly erosional fea 
They show variation in presence of gypsum crusts, 
type and amount, incisions by gullies and cover and s 
stones. As opposed to the area around Chott el Gi 
(described by [ones et al 1986) only small parts an 
alluvial fans. Vegetation is mostly limited to hummoc 
spring vegetation is much greener and if it rains ir 
period even outside these hummocks some veget 
exist. 

Based on the variation in the area plots were sel 
for description and field reflectance measurements, 
different types of diurnal curves were found. Examp 
these curves will be presented, differences explaine 
implications for satellites given. 

Experimental Methods and Conditions 

Measurements were made with a Barnes Mc 
Multiband Radiometer (MMR) (Robinson ef al 
equipped with a 15° field of view aperture. The sp 
characteristics in comparison with the Landsat The 
Mapper (TM) deployed on Landsat-4 and -5 are gi\ 
Table 1. The MMR was mounted on a tripod (height 1 
and the look direction was vertical. - Hence a ci 
surface area with a diameter of 39.5cm was observe 

Reflected radiance was measured over the dif 
targets every hour. Panel data were achieved at the 
and finish of each measurement sequence. The Bi 
tional Reflectance Factor (BRF) was determine 
dividing the radiance measured over a surface to the 
polated and corrected radiances of the panel. 

Reflectance data were gathered in accordance 
suggestions given by Milton (1987) and the data 
treated as described by Epema (in preparation 
measuring diffuse and total radiation not only the BF 

•fable 
(50% 

I. Bandpasses of Barnes MMR field radiometer 
power bandpass limits) and Landsat 

Mapper (full-width at half-maximum method). 
Barnes MMR 

nr. of 
band 

1 
2 
3 
4 
5 
6 
7 

wavelength 
0.458-0.525 
0.519-0.601 
0.637-0.687 
0.739-0.898 
1.174-1.334 
1.574-1.803 
2.083-2.371 

Landsat TM 
nr. of 
band 

1 
2 
3 
4 

5 
7 

Thematic 

wavelength 
0.4525-0.5178 
0.5280-0.6093 
0.6264-0.6923 
0.7764-0.9045 

1.5675-1.7842 
2.0972-2.3490 

i 
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