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Potential Use of NOAA/AVHRR Satellite Data
for Monitoring Environmental Change in Turkey

I ntroduction

In Turkey, desertification has been taking placein
areas of low rainfdl and minimal vegetative cover. In
particular, the central, eastern, and southeastern parts
of the country are vulnerable to desertification because
of erosion, deforestation, and degradation of vegeta-
tive cover. Riversof those regions are characterized by
very high sediment yields. Nearly 60% of the country’s
soils are subjected to severe eroson and approxi-
mately 450 million tonsof sediment arecarried to rivers
each year. Meanwhile, wind erosion has been a very
effective desartification process in centra and south-
eagtern parts of the country, where annud rainfal var-
iesaround 400-500 mm/year. Most central and south-
eastern parts of Turkey are considered semiarid, and
some parts of the Centrd Anatolia region around Tuz
Lakeexhibit arid conditions, with 300 mm/year rainfall.

Thisstudy presents a potentia use of remote sens-
ing for monitoring desertification with AVHRR-derived
NDVI (Normalized Difference Vegetation Index)
data. NOAA series operational meteorological satel-
lites provide data that can be used for various earth
observation gpplications, such as vegetation indexes,

sea surface temperatures, hydrologic applications, and
naturd disasters. The Advanced Very High Resolution
Radiometer (AVHHR) isamultichannd scanning radi-
ometer carried by the NOAA Polar Orbiter satellite
sies. It is a 5-channe radiometer, usng a spinning
mirror to scan across 111 degrees for a ground swath
of 2,700 km, with an IFOV a a nadir of 1.1 km.
Because of the tempora characteristics of AVHHR, it
IS possibleto obtain valuable information for vegetation
monitoring studies and other environment-linked appli-
cations (Gutman, 1991).

The use of satdlite data for nonmeteorologica
goplications in Turkey has been gaining momentum in
recent years with the establishment of new HRPT
gations. NOAA/AVHHR raw data used in this study
were obtained from an HRPT recelving station located
at the Turkish Scientific Research and Technica Coun-
cil-Information Technologies and Electronics Research
Ingtitute (TUBITAK-Bilten), Middle East Technicd
Universty (METU), Ankara. The NOAA/HRPT re-
calving ddion in this inditute was established in 1997
through the TU-REMOSEN Project under the NATO
Science Stability Program. The dtation has received
datafrom NOAA 11, 12, and 14 regularly since 1997

ORBIT

NOAA 12-14 (since 1994 at Erdemli and 1997 at Tubitak-Bilten, Ankara)

NOAA 15 (since it was launched)

AVHRR Sensor

Band 1 2 3 4 5
0.58-0.68 0.725-1.0 3.55-3.93 10.30-11.30 11.50-12.50

FORMAT

Rows Columns Radiometric Res. Data Volume Spatial Res. Temporal Res.

1,700-1,900 2,048 10-hit 3540 Mb 11x1.1km. 12 hrs.

Table 1. Technical summary of satellite data used in the study.
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and from NOAA 15 since it was launched. The data
set used in thisstudy is compaosed of 5-channdl, 10-hit,
raw AVHRR data, 2,048 pixelswide, at 1.1 km reso-
Iution (at nadir). It consgts of only the afternoon (as-
cending) passes (Table 1). The data included in the
study coversthe period from July 1997 to May 1999.

Turkey has diverse vegetation cover, and that pro-
vides opportunitiesfor usng NOAA/AVHHR datafor
monitoring vegetation conditions across the country. In
this sudy, the main emphasisis given to three regions
that differ in vegetation and land-use characteridtics.
The sdected regions are defined by grids that vary
dightly in ared coverage. Region | represents the part
of Centrd Anatoliathat has the lowest annud precipi-
tation in the country and lacks a maor vegetative
cover. The area underwent serious land degradation in
the past and istill at grest risk for drought and deserti-
fication. Region Il covers part of the Aegean region
where irrigated agriculture is practiced, and it is dso
relatively rich in forests. The third region is located in
the Marmararegion, which isthe heavily urbanized and
industridized part of Turkey. Thisareais aso covered
by dense forests.

The Normalized Difference Vegetation I ndex

Many techniques have been developed to quanti-
tatively and quditatively study the status of the vegetar
tion from satdlite images (Kidwell, 1994). Based on
the reflectance difference that green vegetation displays
between the visible region and the near infrared region
of the electromagnetic spectrum, in channels 1 and 2 of
the AVHRR images of the NOAA satdllites, the NDVI
has been obtained (Goward et al., 1991). The NDVI
formula takes the following form in the context of
AVHRR derived data

1
NDVI =

r,o+r

2 2

where r  and r, are the reflectance values measured
in AVHRR channd 1 (red) and channd 2 (near infra-
red), respectively. AVHRR channd 1 (0.58-0.68 um)

senses an area of the spectrum that shows an inversely
proportiond relationship to the amount of green veg-
etation present. On the other hand, AVHRR channel 2
(0.725-1.0 um) senses a region of the spectrum with
reflectance directly proportiond to the density of pho-
tosyntheticaly active vegetation. The denser and more
vigorous the vegetation is, the higher the reflectance of
near-IR radiation. The range of values obtained by the
NDVI is between -1 and +1. Increasing postive
NDVI vaues are usudly shown in increasing shades of
green onimages, indicating increasing amounts of green
vegetation.

Data Processing

Cloud-free AVHRR observations of the land sur-
face are necessary for monitoring vegetation conditions
withNDVI. Imagesthat provided clear observation of
the sdlected regions at reasonable nadir viewing angles
are included in the analyss. However, it was impos-
sble to find completdy cloud-free images for the se-
lected regions at desired time intervals.

AVHRR datais processed to produce NDVI us-
ing the standard formula given in the previous section.
The procedure for producing the find NDVI involves
severd steps (Figure 1). In this study, Map-X Ocean
software was used to process the raw images. The
processto elaborate avegetation index (NDVI) begins
with the acquigtion of a NOAA sadlite image. We
then choose asubset of theimageto creste the NDVI.
In the first step, a quick look at the raw data is ob-
tained. Then the data is georeferenced to assgn map
coordinatesto theimage. After geo-encoding and cdli-
brating each band and correcting for solar zenith angle
and satellite zenith angle, AVHRR visible bands 1 and
2 are used to produce an NDVI image using the
dandard formula given earlier. After various coloring
and enhancement techniques, the product tekesitsfind
form. The image products are 10-bit data files, and
viewable 8-bit images are generated after the process.
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Figure 1. NDVI generation schemeby Map-X Ocean program.
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Figure2. Temporal variationsin NDVI for the selected regions.

NDVI Analysisand Results

In this sudy, mean NDVI and certain threshold
vaues were evauated with respect to their tempora
changes for the sdected areas, which represented dif-
ferent vegetation and land-use characterigtics. Figure 2
illugtrates time variations in NDVI for the sdected
regions. Interestingly, Regions | and 1l exhibit amilar

petterns, except that negative vaues are dominant in
certain periodsin Region |. That istypical, consdering
the lack of vegetation in the region. The vaues usudly
peak in summer months, when green biomassis greet-
e in dl the regions. Pegks in biomass activity in the
summer periods of both 1998 and 1999 are common
in al three regions. Region 111 exhibits amore variable
tempora pattern of NDV I dataand is characterized by
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negative vaues in certain periods, which is likely the
result of incluson of alarge water surface in the andy-
Ss. It should be kept in mind that Region |11 hasavery
diverse surface cover, including indudtrial aress, dense
Seitlements, and forest cover inthenorth. It isour belief
that cloudiness in the images aso affected variation of
the NDV1 valuesto a certain extent.

The study provesthat the NDV1 isauseful tool for
monitoring vegetative conditions and other land-use
characterigtics in desertification-prone aress. By ex-
amining the NDVI vaues over a period of time, it
would be possible to monitor long-term trends in de-
sertification processes in Turkey and include such in-
formation in drought and desertification mitigation pro-
grams. Further investigation of NDV | datawill be done
as the data becomes available.
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