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Abstract 
Much of the landscape of the United Arab Emirates has been 
transformed over the past 15 years by  massive afforestation, 
beautification, and agricultural programs. The "greening" of 
the United Arab Emirates has had environmental conse- 
quences, however, including degraded groundwater quality 
and possible damage to natural regional ecosystems. 

Personnel from the Ground- Water Research project, a 
joint effort between the National Drilling Company of the 
Abu Dhabi Emirate and the U.S. Geological Survey, were in- 
terested in studying landscape change in the Abu Dhabi 
Emirate using Landsat thematic mapper (TM) data. The EROs 
Data Center in Sioux Falls, South Dakota was asked to inves- 
tigate land-cover change techniques that (1 )  provided loca- 
tional, quantitative, and qualitative information on land- 
cover change within the Abu Dhabi Emirate; and (2) could 
be easily implemented by  project personnel who were rela- 
tively inexperienced in remote sensing. A number of prod- 
ucts were created with 1987 and 1996 Landsat TM data using 
change-detection techniques, including univariate image dif- 
ferencing, an "enhanced" image differencing, vegetation in- 
dex differencing, post-classification differencing, and change- 
vector analysis. 

The different techniques provided products that varied 
in levels of adequacy according to the specific application 
and the ease of implementation and interpretation. Specific 
quantitative values of change were most accurately and eas- 
ily provided by  the enhanced image-differencing technique, 
while the change-vector analysis excelled at providing rich 
qualitative detail about the nature of a change. 

Introduction 
During the past 15 years, the landscape of the United Arab 
Emirates has undergone a remarkable transformation. More 
than 18 million date palms and 10 million acacia, eucalyp- 
tus, and other trees have been planted in patchwork forests 
as part of a massive afforestation and beautification program. 
The expansion of agriculture has been similarly impressive. 
To date, more than 100,000 hectares of desert have been 
transformed into cultivated land in the United Arab Emir- 
ates, and the process is continuing at a steady pace. Farm- 
land and forests now cover approximately 4.5 percent of the 
country's total area, compared with a negligible vegetative 
coverage only 30 years ago. Despite the harsh climate and 
relatively small area, the United Arab Emirates now pro- 
duces 20 percent of all dates in the world and has become 
an exporter of many vegetable and fruit crops. 

The "greening" of the United Arab Emirates has not come 
without environmental cost, however. Observations suggest a 
direct correlation between the increased agricultural activities 
and large nitrate and conductivity increases in ground water 
(Bady et al., 1997), and the vast increases in forest and agri- 
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cultural land have important implications for regional ecosys- 
tems. Identification and analysis of landscape change have 
thus become key components in dealing with the environmen- 
tal consequences of the changes. From the early 1980s to the 
present time, Landsat thematic mapper (TM) data have pro- 
vided repetitive, regional-scale coverage of high-resolution 
multispectral images. These data provide an excellent baseline 
source from which to analyze land-cover changes over the 
past 15 years. 

The Ground-Water Research Project (GWRP) is a joint ef- 
fort between the National Drilling Company of the Abu Dhabi 
Emirate in the United Arab Emirates and the U.S. Geological 
Survey. The project's mission is to identify and monitor po- 
tential ground-water sources for agricultural and municipal 
use within the Abu Dhabi Emirate. Project staff had acquired 
1987 and 1996 Landsat TM coverage of the Abu Dhabi Emi- 
rate for the purposes of identifying and analyzing land-cover 
changes over the past 10 years. Their primary interest was in 
helping to identify key locations in which to place ground- 
water monitoring wells by identifying areas of significant 
land-cover change. Secondary requirements included provid- 
ing information on the growth of forest and agricultural 
inventories, identifying areas of urban growth, and creating 
public relations materials. 

The GWRP asked the EROS Data Center to investigate vari- 
ous change-analysis techniques that not only provided suit- 
able land-cover change information, but also could be easily 
implemented by GWRP personnel who had limited experience 
working with Landsat TM data. A variety of methods were 
used to generate different change-analysis data sets. Example 
data sets and the procedures used to develop them were then 
presented to GWRP personnel for consideration, along with 
specific recommendations. This paper examines the utility of 
the different change-analysis techniques in meeting the re- 
quirements of the GW. 

Study Area 
The Emirate of Abu Dhabi is the largest of the seven emirates 
making up the United Arab Emirates, covering an area of 
87,340 square kilometres, or 86.7 percent of the country's to- 
tal area. Numerous islands dot the Arabian Gulf in the north- 
ern part of the Emirate. Most of the surface in the United 
Arab Emirates is a sand desert. Although prevailing winds 
are relatively consistent, dune patterns and alignment vary 
considerably from region to region, with massive transverse 
dunes near Liwa in the south, longitudinal dunes in the 
southwest, and smaller eroded dune ridges in the northern 
emirates. Coastal and interdunal areas are often marked by 
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sometimes dazzlingly white sabkhas, low-lying saline flats 
where the sand has been cemented by the precipitation of 
calcium carbonate and other salts from water tables close to 
the surface. The sand transitions to gravel plains and finally 
to the Hajar mountains in the extreme eastern portion of the 
country; these mountains possess the world's largest surface 
exposure of rocks from the oceanic crust (ophiolite). Vegeta- 
tion is sparse in the interior of the country, with increasing 
amounts of grasses, halophytes, and small trees and shrubs 
toward the coast. Scattered waddies (especially in the Hajar 
Mountains) and oases hold pockets of intermittent (and occa- 
sionally permanent) surface water and associated vegetation. 

Agriculture is concentrated in and around A1 Ain, in a 
narrow strip along the east coast, in the oasis of Dhaid, and 
in the gravel plains in Ras al Khaimah. Much of the United 
Arab Emirate's soil can be cultivated, provided there is wa- 
ter, and additional pockets of agriculture occur wherever ad- 
equate ground water is found. The western portion of the 
Abu Dhabi Emirate contains wide stretches of planted for- 
ests. Other areas of the rectangular-shaped planted forests 
can be found in and around cities, along roads, and wher- 
ever adequate ground water is found. 

Data Description and Preprocessing 
Portions of eight Landsat TM scenes are needed to provide 
complete coverage for the Abu Dhabi Emirate in the United 
Arab Emirates. The GWRP had purchased TM scenes from 1987 
and from 1996 for each of the pathlrows covering the Emirate. 
For this investigation, path 160, row 043 was chosen because 
it covered the A1 Ain area where the initial investigations 
were to be carried out and encompassed the variety of land- 
cover changes that were to be studied (Figure 1). The scene 
dates were 29 August 1987 and 04 March 1996; unfortunately, 
one is an early spring date while one is an early fall date. The 
importance of utilizing phenologically similar images is widely 
recognized (Pilon et al, 1988; Vogelmann, 1988; Milne and 
O'Neill, 1990); however, these were the only scenes available 
to the project at the time. The phenological differences of the 
natural vegetation between the two scene dates were mitigated 
by the warm and relatively constant desert climate. However, 
detection of agricultural changes between the two dates was 
somewhat muddied by the differing crop conditions between 
the March and August dates. Extremely harsh summer condi- 
tions prohibit many agricultural activities during that season. 
Because of that, many of the salad crops (tomatoes, cabbage, 
etc.) were harvested by the 04 March 1996 date. Similarly, 
many of the same crops were not yet planted by the 29 Au- 
gust 1987 date. For the change-detection techniques to iden- 
tify agricultural areas, secondary evidence, such as disturbed 
or tilled soil, was often the only clue that agricultural activi- 
ties were occurring. 

Most of the processing was performed using ERDAS Imag- 
ine software. Imagine was the only software the GWRP had 
available, and any change-analysis techniques investigated 
had to be performed in Imagine. The one exception was a TM 
debanding algorithm that was performed using EROS' Land 
Analysis System (LAS) software. This algorithm implements a 
two-dimensional finite impulse response (FIR) filter that re- 
moves the banding pattern in TM data with a minimal effect 
on image content. The algorithm wasn't easily emulated in 
Imagine and was thus performed on each scene using LAS. 
To maintain consistency with later products, EROS staff pro- 
vided debanded images to the GWRP for each of the other 
seven pathlrows in the Abu Dhabi Emirate. 

Accurate spatial registration of the two images is crucial 
to avoid artificially creating areas of change caused by misreg- 
istration (Gordon, 1980; Singh, 1989). Ground control point 
data for this study were collected manually at major road in- 
tersections in the Emirate with the use of the Global Position- 

Figure 1. United Arab Emirates and footprint of Landsat 
TM path/row 160/043 that was used in this investiga- 
tion. 

ing System (GPS). However, not enough points for a quality 
registration were available within the study scene area. It was 
decided to use the GPS control points to first register an eight- 
scene TM mosaic covering the entire Abu Dhabi Emirate that 
had been created for a previous study. The 1987 TM scene 
was then registered to the registered TM mosaic. Even a scene- 
to-scene registration proved difficult because of a lack of qual- 
ity registration points in the desert areas. However, the major 
dune ridges are believed to date from the most recent glacial 
period more than 10,000 years ago and are no longer in mo- 
tion or are being eroded; as such, they were used as ground 
control in lieu of more suitable points. The 1996 TM scene 
was then coregistered to the 1987 scene using manually col- 
lected control points. 

True land-cover changes can be difficult to interpret if 
masked by differences in atmospheric conditions between the 
two dates. A relative calibration between image dates can be 
performed by applying a band-by-band linear transformation 
to one image date to "calibrate" it to the second date (Caselles 
and Garcia, 1989). This approach has the advantage of correct- 
ing atmospheric effects as well as other factors (detector mis- 
calibration, sun angle, Earth-Sun distance, etc.) that could be 
sources of error in change-analysis studies. The calibration is 
achieved by using digital number values of pseudo-invariant 
features, which are assumed to have constant ground reflec- 
tance through time. In this study, the 1987 TM scene was cali- 
brated to the 1996 TM scene using bright desert sand areas 
and dark ophiolite rock areas as radiometric control sets to de- 
rive the gains and offsets for the linear transformation. This 
approach to scene normalization proved both effective and 
simple for an inexperienced user to implement. 

ChangeAnalysis Techniques 
A review of the literature shows numerous papers discussing 
the various change-analysis techniques commonly used (Ho- 
warth and Wickware, 1981; Singh, 1989; Mouat et al., 1993). 
Most of these papers have focused on the utility of the differ- 
ent methods in satisfying specific categories of applications. 
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Few have focused on the ease of implementation and subse- 
quent interpretation. 

The GwRP required locational, quantitative, and qualita- 
tive information from the change-detection techniques imple- 
mented. Locational information required included regions of 
intensifying agricultural activities and afforestation, informa- 
tion that will be used in deciding where to place ground- 
water monitoring wells. Quantitative information required in- 
cluded the number of hectare increases in agricultural and for- 
est cover. Qualitative information included general land-cover 
change supporting links between increased agricultural activi- 
ties and decreased water quality, general patterns of urban 
growth, and the changes in or loss of natural habitats. With 
such a wide variety of goals, it was recognized that one 
change-detection technique alone would not likely satisfy all 
research interests. A number of change-detection techniques 
were examined and individually evaluated for each of the 
aforementioned objectives. Techniques were also evaluated for 
ease of implementation and interpretability. The change-detec- 
tion techniques investigated here include univariate image dif- 
ferencing, "enhanced" image differencing, vegetation index 
differencing, postclassification analysis, and change-vector 
analysis. 

Note that all images displaying results of the individual 
techniques are small subsets of the full scene used to depict 
the effectiveness of each method more clearly. The region 
shown is approximately halfway between A1 Ain and Abu 
Dhabi, and exhibits the significant changes in agricultural 
and forest land that were of the most interest to the project. 
Plates l a  and l b  represent the 1987 and 1996 Landsat TM 
scenes for this small area. 

IndMdual Techniques Tested 

Univarlate Image Dlfferenclng 
Univariate image differencing involves subtracting a pixel's 
digital number (DN) value on one date from the corresponding 
pixel DN on the second date. The subtraction results in posi- 
tive and negative values in areas of surface reflectance change 
and zero values in areas of no change. Using 8-bit Landsat TM 
data, the potential range of difference values is -255 to +255. 
A constant is normally added to keep output values in the 
positive range. The process is expressed mathematically as 

where Ax is the change pixel value, x(1) is the value at time 
1, 42 )  is the value at time 2, C is a constant, i = 1 . . . nl 
number of lines, j = 1 ... nc number of columns, and k is a 
single band, e.g., TM band 3. 

The resulting difference image distribution has pixels of 
no change, minor surface change, and noise (i.e., atmospheric 
and other non-surface radiance characteristics that weren't 
successfully corrected in the image calibration procedure) dis- 
tributed around the mean, while pixels of significant surface 
change are distributed in the histogram tails. As with many of 
the change-detection techniques investigated, a crucial compo- 
nent of this technique is the selection of a threshold value be- 
tween change and no-change pixels. Numerous techniques 
have been used in selecting a change threshold. For this in- 
vestigation, an interactive procedure, as advocated by Wood- 
well et al. (1983), was chosen. Various thresholds were set 
interactively and evaluated on the image display; the thresh- 
old best defining areas of change was selected. 

Past studies have used a single band for the difference 
study (Jenson and Toll, 1982) or a color composite of three 
separate difference images from three spectral bands (Wil- 
liams and Stauffer, 1978). It was thought that the difficulties 
an inexperienced user would have interpreting the colors of 
the color composite outweighed the additional information 

that the technique might provide; therefore, the single-band 
differencing technique was used. For this study, TM band 3 
was chosen as the band to use for applying the approach. 
One of the primary goals of the GWW study was to identify 
areas of new vegetation (i.e., agricultural crops and trees). 
Chlorophyll absorption of red radiant flux by green vegeta- 
tion makes TM band 3 useful for discriminating between veg- 
etated and non-vegetated surfaces. In addition, previous 
studies have shown the usefulness of a visible red band 
(Multispectral Scanner (MSS) band 5) in change-detection 
analysis in both vegetated environments (Toll et al., 1980) 
and urban environments (Jenson and Toll, 1982). Pilon et al. 
(1988) concluded that a visible red band (once again, MSS 
band 5) provided the most accurate identification of spectral 
change for their semi-arid study area of northwestern Nigeria 
in sub-Sahelian Africa. 

The 1996 'I'M image and the relatively calibrated 1987 
TM image were differenced (1996 minus 1987). Output val- 
ues from the differencing ranged from -122 to +118. Adding 
a constant of 128 resulted in an 8-bit output image with all 
positive values ranging from 6 to 246. A value of 128 theo- 
retically represents an area of no change, values greater than 
128 represent an increase in TM band 3 reflectance from 
1987 to 1996, and values less than 128 represent a decrease 
in TM band 3 reflectance from 1987 to 1996. The threshold 
selection procedure outlined previously was used to select 
threshold values of two standard deviations above and below 
the "no-change" value of 128 (154 and 102 based on a stan- 
dard deviation of 13). 

Values above and below the threshold values were pseu- 
docolored to create the final image (Plate lc). Green repre- 
sents areas where TM band 3 reflectance has decreased from 
1987 to 1996. Increased chlorophyll absorption of red radiant 
flux explains most of the areas of decrease. Most of the green 
represents new agricultural land and forest land. Magenta 
represents areas where TM Band 3 reflectance has increased 
from 1987 to 1996. This occurred primarily where planted 
crops existed in the 1987 scene and were already harvested 
or were fallow in the 1996 image. 

Evaluation 
The univariate image-differencing technique provided an ex- 
tremely straightforward method for providing locational in- 
formation on areas of spectral change. The procedure is 
extremely easy to implement, and the results are fairly easy 
to interpret. The simplicity of the method, however, is also 
its main weakness; it fails to provide adequate qualitative in- 
formation regarding the nature of the change. Many studies 
(Weismiller et al., 1977; Riordan, 1980; Jensen and Toll, 
1982) have suggested that simple image differencing alone 
doesn't adequately address all types of surface change occur- 
ring in a Landsat scene. This study supports those previous 
findings. 

The difference image provides relative difference values 
between the 1987 and 1996 dates for one specific spectral 
band. However, a net decrease of 30 DN for TM band 3 from 
1987 to 1996 can represent a number of different types of 
surface change. For the test area, changes of sand to agricul- 
ture, sand to forest, and sand to urban (asphalt) all exhibit 
similar difference characteristics and are indistinguishable on 
the final difference image. More rigorous techniques are re- 
quired to adequately describe the nature of surface change. 

The difficulty in adequately identifying the exact nature 
of a surface change also cripples the method's ability to pro- 
vide useful quantitative information. The GWRP wanted quan- 
titative information on the number of new agricultural areas 
and forests. The difference image produced by this method 
lends itself very well to providing hectares of change; how- 
ever, the lack of information regarding the type of change 
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Plate 1. (a) Subset of 29 August 1987 Landsat TM pathbow 160/043. (b) Subset of 04  March 1996 Landsat TM path/row 
160/043. (c) Change image from the univariate imagedifferencing approach. (d) Change image from the enhanced image- 
differencing approach. 

makes it impossible to provide specific values for new hec- 
tares of agricultural land or new hectares of forest. This 
method can only provide the total number of hectares that 
have exhibited "significant" change as defined by our chosen 
thresholds. 

The procedure performed surprisingly well in identify- 
ing areas of new agriculture, considering that many of the 
crops were already harvested on the 1996 acquisition date. 
Many of the regions that weren't actively cultivated in the 
1987 image and were cultivated but already harvested in the 
1996 image were still identified as exhibiting significant 

478 Apri l  1999  

change. Chlorophyll absorption of the red radiant flux in the 
1996 image wasn't the cause in those cases. Conversion of 
sand areas to agricultural lands through cultivation and till- 
ing caused a net decrease in TM band 3 reflectance even 
without a surface cover of crops. It should be noted, how- 
ever, that some of the new agricultural areas were still 
missed as the 1996 harvested agricultural land was too simi- 
lar to the 1987 bare (sand) surfaces. Anniversary date images 
with actively growing crops would most likely have pro- 
vided much better results. New forest areas were also de- 
tected fairly well, although small portions of weak signature 
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TABLE 1. COMPARISON OF MEASURES OF NEW FOREST LAND AND NEW 
AGRICULTURAL LAND FOR THE DIGITIZED REFERENCE MASKS, THE ENHANCED IMAGE- 
DIFFERENCING TECHNIQUE, AND THE POST~LASS~FICAT~ON D ~ ~ R E N C ~ N G  TECHNIOUE 

Reference Enhanced Image Post classif, 
Masks Diff. Diff. 

N e w  Forest Land 3428.73 2766.20 3581.64 
hectares hectares hectares 

New Agricultural Land 3909.33 3134.80 6268.77 
hectares hectares hectares 

forest land that existed in 1987 were extracted as being 
changed due to forest growth and stronger signatures in the 
1996 image. 

The selection of change threshold values was problem- 
atic, although no more than with any other change-detection 
algorithm. The selected thresholds of two standard devia- 
tions above and below the mean adequately capture most of 
the surface change in the image without including many 
"non-change" areas. However, scattered portions of the most 
recently planted forests weren't captured as a significant 
change with the selected thresholds. Some of the "new" 
cropland in the 1996 image that had already been harvested 
was also not captured as a significant enough change. Raising 
the threshold to values greater than two standard deviations 
from the mean captured more of the problem forest and agri- 
culture pixels but also began to capture increasing amounts 
of "non-change" areas. The two-standard-deviation threshold 
was an acceptable compromise between capturing too much 
as change and not capturing enough. It should also be noted 
that inexperienced personnel were also somewhat uncom- 
fortable with the threshold selection procedure because of its 
subjective nature. 

"Enhanced" Image Differencing 
Although univariate image differencing alone failed to pro- 
vide adequate information regarding agricultural and forest 
changes, it provided valuable locational information regarding 
surface change. Use of land-cover information for the 1996 im- 
age date in combination with the difference image created in 
the previous step offers the potential for identifying locational 
information on change and also some qualitative information 
regarding the nature of the change. For example, consider an 
area exhibiting a significant decrease in TM band 3 reflectance 
in the difference image (as defined by the selected threshold) 
and classified as forest in a 1996 land-cover classification. The 
majority of forests existing in the 1987 imagery don't show up 
as a change in the TM band 3 difference image, as the growth 
wasn't spectrally "significant" as defined by our thresholds. 
1996 forest areas exhibiting a significant decrease in TM band 
3 reflectance can thus be safely classed as a new forest planted 
in the timeframe between 1987 and 1996. Agricultural areas 
can be handled similarly. In the 1996 agricultural areas (as de- 
fined by a 1996 land-cover classification), a significant de- 
crease in TM band 3 reflectance from 1987 to 1996 is likely 
because of chlorophyll absorption from new, actively growing 
crops or from decreased reflectance due to a shift from undis- 
turbed and relatively bright sand to cultivated and tilled agri- 
cultural lands. Such areas are thus likely new agricultural 
areas that didn't exist in the 1987 imagery. 

A downside to this approach is the need for a complete 
1996 land-cover classification, as the creation of such a classi- 
fication would most likely prove to be very time consuming. 
The need for a complete classification can be avoided by limit- 
ing the types of change we attempt to explain. The GWRP was 
primarily interested in analyzing the newly planted forests 
and the new agricultural areas. A few simple digital masks 
corresponding to specific land-cover types can be used to 

mask out areas of unwanted change and distinguish between 
agricultural and forest lands. On-screen digitizing proved to be 
a simple and extremely effective method for creating digital 
masks that were used to refine the difference image and pro- 
vide information on the type of surface change. For example, 
the acacia forests are extremely easy to identify on the Land- 
sat images. They exhibit sharp and well-defined boundaries, 
contrast very well with the surrounding sand, and exhibit 
characteristic rectangular shapes. They also tend to be 
clumped in large groupings, which consist of anumber of for- 
est blocks surrounded by sand. Digitizing large, generalized 
polygons around the forest regions enables an analyst to sepa- 
rate new forest regions from other types of change on the uni- 
variate difference image. Similar polygons were drawn around 
the few urban centers and a few areas of natural change 
(mostly coastal areas), because the change occurring in these 
areas was also confused with new forest and new agricultural 
land in the band-3 differencing. A simple spatial model con- 
sisting of decision rules using the significant decrease thresh- 
old from the difference image and the digital masks was then 
created, resulting in an image that depicted areas of new agri- 
culture and forest. Areas of change were pseudo-colored and 
overlaid on the 1996 Landsat TM imagery [Plate Id). The num- 
ber of hectares of new agriculture and forest was computed by 
checking the image histogram and calculating the hectares in 
each change type, using the following relationship between 
pixel area and hectare area: 

(30-metre pixel = 900 square metres = 0.09 hectares) 

One can thus simply multiply the number of pixels in each 
"class" by 0.09 to get the number of hectares. 

Evaluation 
One of the GWRP's primary goals of providing locational and 
quantitative information regarding new forest and agriculture 
was satisfied fairly well using this method. As discussed pre- 
viously, the univariate image differencing procedure per- 
formed quite well at identifying areas of new forest and 
agriculture, but it couldn't distinguish between them (nor be- 
tween other types of change). The creation of the digital 
masks to help distinguish types of changes was quite simple 
and effective. The use of such digitized masks may not be 
feasible in areas exhibiting more heterogeneity with regard to 
land cover, but the spatial distribution and relatively low 
number of land-cover types in the United Arab Emirates 
made it a relatively quick, simple, and effective process for 
this application. 

A simple check was done of the method's effectiveness 
at quantifying the number of hectares of new agriculture and 
of new forest land. "Reference" digital masks corresponding 
to forest land and agricultural land for each image date were 
created by careful manual interpretation and by digitizing 
each land-cover type from the 1987 and 1996 TM images. 
These masks differ from the masks used in the creation of 
the product in that each individual forest or agricultural 
block was carefully digitized in the reference masks, but just 
a few large, generalized polygons around large regions of rel- 
atively homogeneous land-cover types were used to create 
the product. The resulting reference masks were differenced, 
and the hectares of "new" agriculture and "new" forest land 
were extracted. Reference values were then compared to val- 
ues from this procedure (Table 1). Values represented are 
only for the small image subset represented in the example 
output images. It should be noted that this simple check in 
no way tests the locational accuracy of where the changes 
occurred. 

Although the procedure provided acceptable estimates of 
new agriculture and forest areas for the GWRP, a few factors 
caused some underestimation in each value. Because areas of 

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING Apri l  1999 479 



change were calculated from the previous univariate image 
differencing image, the product created with the enhanced 
image differencing suffered from the same problems. Pheno- 
logical differences in the agricultural crops (many 1996 crops 
had already been harvested) caused an underestimation in 
the amount of new agricultural land detected. As happened 
with the univariate image differencing, some of the newest 
forest plantings weren't captured as change due to a rela- 
tively small decrease in TM band 3 reflectance, so the value 
for hectares of new forest is also a slight underestimation. 

One strength of this enhanced image differencing was the 
GWRP personnel and their knowledge of the area. They had 
extensive field experience in the Abu Dhabi Emirate and 
could create very accurate digital masks for use with this 
method. 

Downsides to the technique included the time required 
to create the digital masks, although in this area it was a rel- 
atively small investment for the return of information. It is a 
relatively simple procedure to identify the two types of land- 
cover change, but a complete and more thorough description 
on the nature of change would be better provided by another 
technique such, as post-classification differencing. 

Vegetation Index Differencing 
Vegetation indices have long been used in monitoring veg- 
etation conditions. The indices are based on chlorophyll ab- 
sorption of the red part of the visible spectrum and strong 
reflectance in the near-infrared part of the spectrum. Vari- 
ability in a vegetation index between image dates can be 
used in the monitoring of vegetation change. The normalized 
difference vegetation index (NDVI) (Tucker, 1979) has been 
used in numerous previous studies involved with analyzing 
vegetation condition and change (Briggs and Nellis, 1991; 
Chilar et al., 1991; Lee and Marsh, 1995). The general NDVI 
formula for Landsat TM data is as follows: 

Values from the basic NDVI calculation range from -1 to 
+l. To place output values in an 8-bit unsigned integer for- 
mat, a constant of 1 was added to the base output value, giv- 
ing potential values of 0 to + 2. A multiplier of 127 was then 
applied to stretch the data through the 8-bit range. The NDVI 
and scaling calculation used was thus: 

The preceding formula was applied to the 1987 and 
1996 'I'M images to create NDVI images for the two dates. The 
univariate image-differencing procedure outlined previously 
was then applied to the two NDVI images (1996 NDVI - 1987 
NDVI). Change thresholds of one standard deviation above 
and below the mean were selected through the interactive se- 
lection and evaluation procedure used previously. Values 
above and below the threshold values were pseudo-colored 
to create the final image (Plate 2a). Green represents areas 
where NDVI values increased from 1987 to 1996. As ex- 
pected, this corresponds to regions of new agriculture or new 
forests. Magenta represents areas where NDVI values have de- 
creased from 1987 to 1996. This occurred primarily where 
planted crops existed in the 1987 scene and were already 
harvested or were fallow in the 1996 image. 

Evaluation 
The NDVI differencing proved useful for identifying new ar- 
eas of actively growing agricultural crops. The phenological 
differences between scene dates with regard to agricultural 
crops was problematic, however, because the procedure 
didn't adequately detect new agricultural areas that didn't 
have actively growing crops in the 1996 image. There was 
also difficulty in detecting the newly planted acacia forests. 

Individual trees in the acacia forests are planted relatively far 
apart, allowing much of the underlying sand surface to be 
exposed to the sensor. The acacias are also quite scrubby, 
with relatively small amounts of green leaf area. In addition, 
many of the forests shown in the test region were very recent 
platings; as such, the trees were relatively immature. All 
three of these factors contributed to unexpectedly low NDVI 
values in the 1996 image, and new acacia forests were subse- 
quently not discriminated very well using the differenc- 
ing technique. Similarly, the lack of change in NDVI values 
associated with urban growth prohibited adequate detection 
of new urban areas. 

NDVI differencing performed slightly better than univariate 
image differencing with regard to qualitative descriptions of 
surface change, primarily due to the types of change that NDVI 
differencing wasn't able to detect. New forest areas, new agri- 
cultural areas, and new urban areas all exhibited similar dif- 
ference signatures in the univariate image differencing. The 
NDVI differencing wasn't able to detect new urban areas and 
performed relatively poorly in detecting new forest areas. 
When we selected a fairly stringent change threshold (two or 
three standard deviations above the mean) that eliminated the 
poorly delineated forest areas, the NDW differencing method, 
performed well at producing an image depicting new agricul- 
tural lands, although once again phenological differences be- 
tween the two image dates prohibited detection of all but the 
green and currently growing fields. 

Implementation of the NDVI differencing method was 
only slightly more difficult than the univariate image differ- 
encing. Less experienced persons seemed to have few prob- 
lems interpreting the NDVI difference image once the link 
between the NDVI and green biomass was understood. 

Post4:laulRcatlon Anaiysb 
Post-classification change analysis involves the comparison of 
independently produced land-cover classifications for two dif- 
ferent dates. Numerous studies have used post-classification 
differencing in the analysis of change. Weismiller et al. (1977) 
reported good results in identifying areas of change in coastal 
areas. Pilon et al. (1988) used post-classification differencing 
in combination with a simple enhancement technique to iso- 
late areas of human-induced change from areas of natural 
change. Massart et al. (1995) used the results of post-classifica- 
tion differencing in combination with various thematic data 
layers to analyze the impacts of agricultural development on 
tropical forest environments. 

The method performs well in areas where differencing 
and ratioing techniques often fail. Although differencing or 
ratioing techniques alone may be able to illustrate areas of 
surface change, they don't adequately describe the nature of 
that change. Post-classification change analysis is capable of 
depicting a complete descriptive matrix of changes between 
two dates. The method also has the advantage of compensat- 
ing for varied atmospheric conditions between dates or even 
the use of different sensors between dates because each clas- 
sification is independently produced and mapped to a com- 
mon thematic reference. The analyst also has more control 
on what type of change will be represented in the final 
change image by controlling the thematic classes that are 
represented in each classification. For example, unwanted 
changes between agricultural crop types may show up with 
the differencing or ratioing methods but can be nullified with 
post-classification analysis by creating classification images 
with only one agricultural class. 

Post-classification differencing isn't nearly the panacea 
that the above statements imply, however. The method has 
been widely criticized because it tends to compound any 
classification errors that may have occurred in the two initial 
classifications (Gordon, 1980; Pilon et al., 1988; Singh, 1989). 
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Processing time must also be considered when debating the 
use of post-classification differencing, because independent 
classifications of two complete Landsat scenes can be ex- 
tremely time consuming and labor intensive. 

For this study, we did unsupervised classifications of the 
1987 and the 1996 Landsat TM. The ISODATA algorithm was 
used to cluster each scene into 50 spectrally similar clusters. 
Clusters were individually evaluated and tentatively labeled 
with one of the following simple land-cover types: agriculture, 
forest, urban, water, and other (primarily bare sand or rock 
surfaces). Multiple clusters were confused between more than 
one land-cover type; once again, digitized masks representing 
general areas of the various land-cover types were used to re- 
solve the confusion. For example, ophiolite areas were often 
confused with the more newly planted Acacia forests in the 
sand desert. The ophiolite area was conhed to the eastern 
portion of the scene and was easily digitized with one large 
general polygon, which could be used as an ancillary piece of 
information to split a confused cluster. Similarly, a few large, 
generalized polygons were drawn around the regions of forest 
and urban centers to assist with other confused clusters. Such 
a manual digitizing process would prove impossible in more 
complex landscapes, but was quick, simple, and efficient for 
the relatively simple landscape of the United Arab Emirates. It 
was also thought that such a simple, unsupervised classifica- 
tion strategy would be easier for the inexperienced analyst to 
implement. 

The resulting 1987 and 1996 classifications were used as 
input to a "matrix" algorithm, which creates an output file 
containing classes corresponding to each unique combination 
of input classes from the two dates. The resulting image was 
pseudo-colored to provide unique colors for each of the pos- 
sible land-cover changes between 1987 and 1996. A 5 by 5 
change matrix key was then created, which graphically de- 
picted the type of change each color represented (Plate 2b). 
For example, red represents areas that have changed from 
"other" (primarily sand) in the 1987 image to "agriculture" 
in the 1996 image. Note that water pixels weren't present in 
either date for the subset area represented in the figure, so 
the change matrix key was simplified to show the four clas- 
ses present (urban, forest, agriculture, and other). 

Evaluation 
The post-classification difference image provided much of 
the information requested by the GWRP. The extensive per- 
sonal experience of GWRP personnel in the area also would 
have been a great asset in creating classification images for 
subsequent scenes. Unfortunately, this was outweighed by 
two factors: (1) the great amount of time and expertise 
needed to create the product, and (2) the inherent errors 
in the final product. The first of these factors played the 
greatest role in the decision not to recommend this proce- 
dure to the GWRP. The time required for an experienced user 
to create the final product was easily five times that needed 
for any of the other methods tested. Also, after discussion 
with GWRP personnel, it was felt that a lack of experience in 
classification work and a limited amount of training time 
would adversely affect the quality of a post-classification 
change product, despite GWRP personnel's extensive knowl- 
edge of the Abu Dhabi Emirate. 

There were also problems with the accuracy of the final 
product. Quantitative values of change from the previously 
created reference digital masks were compared with values 
from the post-classification differencing image (Table 1). Be- 
cause of classification errors in the two individual classifica- 
tions, the post-classification difference image over-represented 
some types of change. For example, many shaded sand areas 
were misclassified as agriculture in the 1996 image due to 
similar spectral signatures between shaded sand areas and ag- 

ricultural areas without existing crop cover. Those areas thus 
incorrectlv show up as new ahculture Pother" to "aericul- 
ture") in &e post-&sificatio~ difference image (seleGed red 
areas on Plate 2b). Similarly, some of the newly planted for- 
ests in the 1987 image were incorrectly classified as "other" 
due to their weak signature. With the stronger signature and 
resultant "forest" classification in the 1996 image, these areas 
show up as new forest ("other" to "forest") in the difference 
image (selected orange areas on Plate 2b). The problems possi- 
bly could have been lessened by more "cluster-busting" (an 
unsupervised classification of pixel members of one cluster) of 
the confused clusters or by extensive digitizing and recoding 
of classification errors in the individual classifications, but 
these procedures would have required an even larger invest- 
ment of time. 

ChangeVectw Analysis 
Surface change can be described by a spectral change vector, 
which represents the direction and magnitude of change 
from the first to the second date. If the magnitude of a cal- 
culated spectral change vector exceeds a critical threshold 
value, a surface change is presumed to have occurred. The 
threshold value can be empirically selected or rigorously 
modeled. The direction of the change vector identifies the 
type of change that has occurred. Change-vector analysis has 
been previously used in forest change detection in northern 
Idaho (Mdila, 1980) and in South Carolina (Colwell and We- 
ber, 1981). 

The procedure used here was an adaptation of previous 
change-vector analyses studies in the brightness and greenness 
plane (Dwyer et el., 1997). The 1987 and 1996 TM scenes 
were transformed into brightness, greenness, and wetness 
components using the principal components-based Tasseled 
Cap transformation (Kauth and Thomas, 1976; Crist and Ci- 
cone, 1984). Brightness and greenness differencing was per- 
formed between the two dates, and change vectors were 
computed. Change vectors were then decomposed into magni- 
tude and direction com~onents. Pixels corresuondine to actual 
landscape change were;densed by modulathg theumagni- 
tude component with an empirically derived threshold value 
of two standard deviations above the mean. The threshold se- 
lection procedure was the same interactive procedure used 
with previous change-detection techniques. Note that the em- 
pirically derived threshold value replaces the calculation of an 
image noise model as described by Dwyer et al. (1997) in or- 
der to simplify the procedure for the GWRP. The change vec- 
tors were then encoded using hue, saturation, and value. The 
direction of change was encoded as hue, the magnitude of 
change as saturation, and the original 1996 TM scene was re- 
scaled to value (intensity) to provide contextual information. 
A hue, saturation, value (HSV) to red, green, blue (RGB) trans- 
formation was then performed for displaying the change im- 
age. The resulting colors correspond to the direction of 
change, while the richness of the colors corresponds to the 
significance of the change (Plate 2c). For example, very recent 
forest plantings exhibit a very pale bluish tone (nearly gray) 
corresponding to a decrease in brightness and an increase in 
greenness, while more established plantings exhibit a stronger 
bluish tone. Gray tones correspond to areas that had not ex- 
perienced any significant change as defined by the selected 
threshold of the change-vector magnitude component. 

Evaluation 
The change-vector analysis provided a graphically rich prod- 
uct that was relatively high in qualitative information. Areas 
of change were readily identifiable, and use of the reference 
color wheel allowed for a description of the nature of that 
change with regard to the brightness and greenness planes. 
The technique thus performed relatively well at providing lo- 
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Plate 2. (a) Change image from the vegetation index differ 
encing approach. (b) Change image from the postclassifi- 
cation differencing approach. (c) Change image from the 
changevector analysis approach. 

cational and qualitative information. Similar types of change 
with regard to the brightness and greenness planes, however, 
are easily confused. The subtle differences in the blue and 
cyan colors representing new agricultural areas and those rep- 
resenting new forest areas are extremely difficult to visually 
interpret, because both involve similar changes with regard to 
brightness and greenness. It should be noted, however, that 
this problem might have been less severe had anniversary 
dates of 1987 and 1996 images been available. Many of the 
crops in the 1996 image were already harvested during the ac- 
quisition time. The crops that were stiIl actively growing dur- 
ing the 1996 acquisition are represented by a fairly distinct, 
bright cyan color in the change image. 

This method doesn't allow easy derivation of discrete 
quantitative values. For example, visual identification of new 
agricultural areas is relatively straightforward, but deriving 

total acreages of new agricultural lands is not. The product 
of this procedure was a three-band image resulting from a 
HSV to RGB transformation where hue represented the direc- 
tion of the change and saturation represented the magnitude 
of the change. Deriving quantitative values for the amount of 
change would require the use of the original saturation im- 
age and a selected threshold value. Similar thresholds would 
be required within the original hue image to distinguish be- 
tween various types of change. 

The procedure was fairly easy to implement, although it 
required a number of steps to create the final product. The 
procedure proved somewhat more difficult for the inexperi- 
enced user to understand, because the reasoning behind each 
of the processing steps wasn't as obvious as in some of the 
other methods. Interpretation also proved to be a problem for 
those unfamiliar with the Kauth-Thomas brightness-green- 
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ness planes. Interpretability was aided significantly by the 
addition of a legend with color patches keyed to specific 
types of change; i.e., cyan corresponds to a transition from 
bare sand to vegetated, darker blue corresponds to a transi- 
tion from bare sand to urban surfaces (asphalt), etc. 

Discussion 
The goal was to provide a simple, easily implemented, easily 
interpreted approach to detecting various types of land-cover 
change in the United Arab Emirates. The different techniques 
each provided different types of information and varied in 
accuracy and ease of implementation. The various products 
for the different methods were created, descriptions of the 
processing flow were compiled, and results were presented 
to GWRP personnel. G W ' s  primary goals were to identify 
key locations in which to place ground water monitoring 
wells by identifying areas of significant land-cover change, to 
provide information on the growth of forest and agricultural 
inventories, to identify areas of urban growth, and to provide 
public relations materials. Based on accuracy requirements, 
informational content, and ease of implementation and inter- 
pretation, specific recommendations were made. 

Providing qualitative and locational information proved 
to be far easier than providing quantitative values of change 
for specac types of land-cover change. A recommendation 
was made to use the change-vector approach to provide the 
majority of the locational and qualitative information that 
was required. Change-vector analysis provided a product that 
accurately depicted locations of change, was fairly simple to 
implement, and was extremely rich in qualitative informa- 
tion. Areas of significant land-cover change were very clearly 
depicted, information that was key to helping the GW iden- 
tify possible locations for groundwater monitoring wells. The 
rich qualitative content allowed for discrimination between 
the different forms of land-cover change. The method was 

1 excellent at depicting areas of urban growth. The graphically 
rich product was also considered to be the best for creating 
public relations materials. The primary downside to this ap- 
proach was its interpretability for GWRP personnel. Relating 
a specific color on the change image to the reference color 
wheel and inferring a specific land-cover change (i.e., sand 
to agriculture) was a more complex task than interpreting 
some of the other products. The task was made more diffi- 
cult by the sometimes very subtle differences in shading be- 
tween different types of land-cover change. Interpretation 
became much less difficult with greater experience, however. 
The procedure also was unable to provide a measure of the 
number of hectares of new agricultural or forest land. 

Providing a method that accurately provided the number 
of hectares of new forest and agricultural land was more dif- 
ficult. The enhanced image-differencing technique proved 
best at providing this information. The qualitative informa- 
tion the method provided couldn't match that provided by 
change-vector analysis, but it yielded fairly accurate quanti- 
tative values for forest and aericultural chanee. The use of 

by the August 1987 date. It was extremely difficult to detect 
new agricultural areas because the bare fields without crops 
were spectrally similar to other land-cover types in the area 
(shaded sand, some ophiolite areas, etc.). It became the same 
problem that land-cover classification studies face, the prob- 
lem of "land use" versus "land cover." Much of the land use 
was for agriculture, but, because of the land cover at the 
times of acquisition, it was extremely difficult to detect "new 
agriculture" based on spectral information alone. 

The nature of the acacia forests also proved to be a prob- 
lem. The acacias were scrubby trees with relatively small 
amounts of green leaf area, were spaced rather widely, and 
were spectrally similar to various other land-cover types; fur- 
thermore, forest growth in the change-analysis timeframe 
sometimes caused confusion between the detection of new 
forests versus forest growth. Fortunately, the shape, size, and 
locations of the acacia forests were spatially unique and, 
when coupled with the relatively simple landscape of the 
United Arab Emirates, allowed for the success of the digital 
masking techniques. 

It is important to recognize specific customer require- 
ments or usage when providing products derived from re- 
motely sensed data. As this investigation showed, the product 
with the most information isn't necessarily the best product if 
production time, cost, and interpretability are considered. A 
proper balance of each of these factors is necessary to ensure 
the best outcome to an investigation. 

Acknowledgments 
The author would like to thank members of the GW for 
providing this opportunity. The enthusiastic support and 
professional work ethic of the GWRP team, especially Jay Gil- 
lespie and Juanito Tamayo, contributed greatly to the success 
of these investigations. The author would also like to ac- 
knowledge Kristi Sayler for her help in implementing the 
change-vector analysis procedure, as well as other EROS Data 
Center personnel for their assistance and advice. This work 
was performed by the Hughes STX Corporation under U.S. 
Geological Survey Contract 1434-CR-97-CN40274. Mention of 
trade names or commercial products does not constitute 
endorsement or recommendation of use. 

References 
A1 Bady, I., D. Saracho, J. Tamayo, and K. A1 Aidrous, 1997. Envi- 

ronmental concerns about nitrate and conductivity in ground 
water in Abu Dhabi Emirate, National Drilling Company internal 
paper. 

Briggs, J., and D. Nellis, 1991. Seasonal variation of heterogeneity in 
the tallgrass prairie: A quantitative measure using remote sens- 
ing, Photogmmmetric Engineering 8 Remote Sensing, 57(4):407- 
411. 

Caselles, V., and M.J. Lopez Garcia, 1989. An alternative simple ap- 
proach to estimate atmospheric correction in multitemporal 
studies, International Journal of Remote Sensing, 10 (6):1127- 
a*-. 

1134. 
the digital masks tak's of personnel's Cbilar, J.. L. St.-Laurent, and J.A. Dyer, 1991. Relation between the extensive knowledge of the region. The method was very normalized difference vegetation index and ecological variables, simple to implement and very easy to interpret. Remote Sensing of Environment, 35:279-289. 

It was that factors hindered the sue- Colwell, J.E., and F.P. Weber, 1981. Forest change detection, Pro- cess of these investigations, with the primary problem being ceedings of the 15th International Symposium on Remote Sens- 
that of scene dates. The recommendation was made to pur- ing of Environment, Ann Arbor, Michigan, Environmental 
chase new Landsat TM data sets, specifically anniversary-date Research Institute of ~ i ~ h i ~ ~ ,  pp. 839-852. 

TM data acquired during the winter when are Crist, E.P., and R.C. Cicone, 1984. A physically based transformation 
actively green and growing. As mentioned throughout this of Thematic Mapper data - the TM Tasseled Cap, BEE Trans. 
article, it was very difficult to accurately detect areas of new Geosci. Remote Sens., GE-22(3). 
agriculture due the March and August dates the Dwyer, J., K. Sayler, and G. Zylstra, 1997. Landsat pathfinder data 
Landsat scenes. Neither had a large percentage of cropland sets for landscape change analysis, Proceedings, International 
with current crop cover; much had already been harvested Geoscience and Remote Sensing Symposium, Lincoln, Nebraska, 
by the March 1996 date, and not much had been planted yet 27-31 May 1996, pp. 547-550. 

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING Apri l  1999 483 



Gordon, S.I., 1980. Utilizing Landsat imagery to monitor land-use 
change: A case study in Ohio, Remote Sensing of Environment, 
9:189-196. 

Howarth, P.J., and G.M. Wickware, 1981. Procedures for change de- 
tection using Landsat digital data, International Journal of Re- 
mote Sensing, 2(3):277-291. 

Jenson, J.R., and D.L. Toll, 1982. Detecting residential land use de- 
velopment at the urban fringe, Photogmmmetric Engineering & 
Remote Sensing, 48(4):629-643. 

Kauth, R.J., and G.S. Thomas, 1976. The Tasseled Cap - A graphic 
description of the spectral-temporal development of agricultural 
crops as seen by Landsat, Proceedings of the Symposium on Ma- 
chine Processing of Remotely Sensed Data, LARS, Purdue Uni- 
versity, West Lafayette, Indiana, pp. 4b41-4b51. 

Lee, C.T., and S.E. Marsh, 1995. The use of archival Landsat MSS 
and ancillary data in a GIs environment to map historical 
change in an urban riparian habitat, Photogmmmetric Engineer- 
ing b Remote Sensing, 61(8):999-1008. 

Malila, W.A., 1980. Change vector analysis: An approach for detect- 
ing forest changes with Landsat, Proceedings of the 6th Annual 
Symposium on Machine Processing of Remotely Sensed Data, 
Purdue University, West Lafayette, Indiana, pp. 326-335. 

Massart, M., M. Petillon, and E. Wolff, 1995. The impact of an agri- 
cultural development project on a tropical forest environment: 
The case of Saba (Zaire), Photogmmmetric Engineering 6. Re- 
mote Sensing, 61(9):1153-1158. 

Milne, A., and A. O'Neill, 1990. Mapping and monitoring land cover 
in the Willandra Lakes world heritage region, International Jour- 
nal of Remote Sensing, 11(11):2035-2049. 

Mouat, D.A., G.G. Mahin, and J. Lancaster, 1993. Remote Sensing 
Techniques in the analysis of change detection, Geocarto Inter- 
national, 2:39-50. 

Pilon, P.G., P.J. Howarth, and R.A. Bullock, 1988. An enhanced clas- 
sification approach to change detection in semi-arid environ- 

ments, Photogmmmetric Engineering b Remote Sensing, 54(12): 
1709-1716. 

Riordan, C.J., 1980. Non-Urban to Urban Land Cover Change Detec- 
tion Using Landsat Data, Report #1, NASA Contract NAS5- 
25696, Earth Resources Dept., Colorado State University, Fort 
Collins, 40 p. 

Singh, Ashbindu, 1989. Digital change detection techniques using re- 
motely sensed data, International Journal of Remote Sensing, 
10(6):989-1003. 

Toll, D.L., J.A. Royal, and J.B. Davis, 1980. Urban area update proce- 
dures using Landsat data, Proceedings, American Society of Pho- 
togrammetry, 12 p. 

Tucker, C.J., 1979. Red and photographic infrared linear combina- 
tions for monitoring vegetation, Remote Sensing of Environment, 
8~127-250, 

Vogelmann, J.E., 1988. Detection of forest change in the Green 
Mountains of Vermont using multispectral scanner data, Interna- 
tional Journal of Remote Sensing, 9(7):1187-1200. 

Weismiller, R.A., S.J. Kristof, D.K. Scholz, P.E. Anuta, and S.A. 
Momin, 1977. Change detection in coastal zone environments, 
Photogmmmetric Engineering 6 Remote Sensing, 43(12):1533- 
1539. 

Williams, D.L., and M.L. Stauffer, 1978. Monitoring gypsy moth de- 
foliation by applying change detection techniques to Landsat 
imagery, Proceedings of the Symposium on Remote Sensing for 
Vegetation Damage Assessment, American Society of Photo- 
grammetry, Falls Church, Virginia, pp. 221-229. 

Woodwell, G.M., J.E. Hobbie, R.A. Houghton, J.M. Melillo, B.J. Peter- 
son, G.R. Shaver, T.A. Stone, B. Moore, and A.B. Park, 1983. De- 
fo~station Measured by Landsat: Step Towards a Method, 
Report No. DOEIEVl10468-1, U.S. Department of Energy, Wash- 
ington, D.C. 

(Received 01 December 1997; revised and accepted 06 May 1998; re- 
vised 01 July 1998) 

Certification Seals & Stamps 
II 
gl/l W Now that you are certified as a remote SEND COMPLETED FORM WITH YOUR PAYMENT TO: 

il 

Sensor, photogrammetrist Or GIS/LIS ASPRS Cert~f~cation Seals G Stamps 5410 Grosvenor Lane Su~te 210 Bethesda MD 20814-2160 
m 

I 
mapping scientist and you have that m 

111 
certificate on the wall, make sure everyone la 

I 
knows! NAME PHONE B I  

I I 
1 W An embossing seal or rubber stamp adds a 

CERTIFICATION # DATE 
In 

I cert~f~ed finish~ng touch to your profes- 
sional product 

ill 
I II 

W You can't carry around your cert~flcate, but I 
your seal or stamp flts in your pocket or 3 

I briefcase c l n  STATE POSTAL CODE COUNTRY II 
W To place your order, f i l l  out the neces- 

I 
m 

sary mailing and certification lnformatlon PLEASE SEND ME:0 Emboss~n~ seal $450 ~ubber  stamp $35 

p cost 1s lust $35 for a StXnP and $45 for a METHOD OF PAYMENT: O Check 0 Vlsa 0 Mastercard 
seal, these prices include shipping and I ; handling Pieaseallow 3-4 weeks for CREDIT CARD ACCOUNT NUMBER EXPIRES 

n 
dell very 

SIGNATURE 

I 
DATE 4 

I 
m R m l l L I L I I R ~ I R L I I R R I I L I R n m ~ I I I I I M R I n I I I m R I I I .  

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING 


