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Forest cover mapping based upon species identi jimmm wrd Jorest density ix wn m:;uw«m activity for forest
eumagement. Forest density is an important parameser in biomass estimation, which in tien is crucial for global
emvironmental monitoring. In his paper forest density mapping las been attempted using SAR Interferometry

technigue, This has been achioved by exploiting the imerferomerric colerence. which is inversely relared 1o the
magnitude of random dislocation of scatterers between the two passes. Siudy indicotes that interferomerric

wherence decreases with increase in forest density. Sindy suggesis that bterferometric coherence is an
wdependent parameter aud §t provides vadwable inform ation, which i complaely different from SAR
backscatter. It Is also observed thar swmergic use of SAR hackscatter with InSAR coherence significantly

enhunees the sensitivity of SAR system as a whale Jor Jorestry applications.

is well known that active microwsve remole
sing hus immense potentist in the ficld of forestry
fications, It is nol ooly due to the all weather
ability of microwave vver optical yemote sensing
also due 10 s unigue. sensitivity towards the
nire, surface roughness, canopy struclure, canopy
isture, vegeiation volume and shape, sive and
ation of the targel. Varions backscattor models
been developed by many researchers (Ulaby et
- $990 and Lin and Sarabandi, 1999) tha 1ake into
count the scaticring process thal gives risc (o
served buckscattering from tree-clud arcas with 2
“of given physical paramcters of the vegetation.
models showed excellent agreosnent betwoen
R backscatier and wvirious biophysical parameters
‘the forested terrain. However, requirement of &
ge number of input paramcters 1o mode] tree
nopy makes it necessary 1o develop  simple
sirical models. Studies have been carried owt to
SAR  backscatter to  forest  biophysical
nelers bul most of the investigative studies have
est-carried oul for coniferous forests using SAR data
ing ¢t -al, 19935, Hareell et al., 1997 and Green.
Many invesiigators have demonstrated use of
data ‘for rpetrieval of :forest biophysical
ers (Dobson of al., 1992, 1995 and Le Toan o1
992), Dobson et al., (1992) have observed L-
SAR 10 be useful for voarse biomass cstimates
& biomass satoration level of 60-100 1,
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However, sensitivity of radar backseatier jntensity to
variations in biowass saturaies afler a centain level of
biomass is reached, The saturation fevel is higher for
Jonger wavelengths, it was found that for C-band with
HH or VV polarization. the saturation is reached at 30
tha, whereas for P<band with HV  polarization.
biomass as high as 200 vha could be distinguished.
Attempts have been made 1o understamd offect of
scasor parameters in terms of effect of incidence
angle ot which the observation is made. Srivastava et
al, (20003 have observed that a shallow incidence

angle SAR is more scnsitive to. forest density in

eomparison to sleep sngle of incidence. Work has also
been done to relate forest demsity with SAR
backscatter observed fram forested land, e.g. Senoo @
al., (1993) bave used L-band data from JERS-1 SAR
and have observed that SAR backscatter is related
density and DBH for forest plantation. Attergis have
also been made to understand the sensitivity of mulii-
parametric SAR backscaiter to plant dengity (Patel et
al, 2006} wsing SIR-C/X-SAR data, They have
observed that sensitivity of L-band cross-polarised
SAR 1o plant density variation i very high-whereas
C-band like polarised SAR happens (o be relatively
oss sensitive o plant density variation, Ranson et-al.,

2003 have made a comparative evaluation of forest

classification accurackes wsing SAR backscaller using
maximum likelihood classification procedure. They
have observed that mutii-dale and multi-sensor fusion
of various SAR scasors could be used for broad forest




classification like deciduous, Coniferous, bumed
lopged, bumed deciduous, bumed Coniferous,
regencration-sparse etc. Even JERS-1 and ERS-I
SAR backscatter together resulted in 61% correct
classification of coniferous foresi and 77% correcl
clagsification of deciduous forest. Such low
classilication accuracics arc duc to the fact thal many
times under certain conditions, the ranges of
backscatier intensities over foresls overlap  with
surrounding arcas. Thus, at times, delection and
density mapping of forested areas is difficult using
single-frequency and  single-polarization C-band
intensity SAR data, In this paper an attempl has been
made to demonstrate the polential of SAR
interferometry for detection and densily mapping of
forcsted arcas by exploiting  semsitivity of
interferometric coherence for various land cover
features. Synergic use of interferometric coherence
with SAR backscatter has also been attempted. Study
indicates that interferometric coherence could be used
as an additional ool along with the backscatter data,
1o exploit the full potential of active microwave
remote sensing in the field of foresiry applications.

2.SAR laterferometry

SAR interfecromelry for topographic mapping was
introduced by Graham (1974). SAR Interferometry
uses phase of the returned signal in contrast o
conventional usc of amplitude of the return signal in
aclive microwave remote sensing. It is widely used to
generate digital elevation maps (DEM) and studies
rclated to surface movements (Prati et al., 1992). In
this technigue, two SAR images over same area of
interest are acquired from slightly different positions
of the sensor. These two SAR images are coherently
combined at the processing stage. The two slightly
different sensor positions are obtained either by
collecting data from repcat pass using a single
antenna or in a single pass with two anteanas mounted
onboard the SAR system separated by a known
(small) distance called haseline. Baseline is defined
by a vector say B with leagth B and angle a with
respect to horizontal. The geometry of InSAR is
shown in Figure 1. In this Figure, A, and A arc the
positions of two radar antennas that view the same
surfuce on ground. A, is located at height h above
some datumn. The distance between Ay and the point
on the ground being imaged is called the range. By
solving the ambiguity inherent in any phase
measurcment, the topography Z (y) can be obtained
from the phase measurement with the help of
Equation 1.

Z(y)="h- pcos@
Equation |

Where 0 is the look angle of the Synthetic Aperture
Radar (SAR]. h is the altitude of A, (see Figure-1) p
is the slant range distance from A, (scc Figure-1) to
the point on the ground being imaged. The phase
difference is proportional to the difference in path
delays from two antennas and it depends on the
geometry of the two antenna tracks,

Figurc }: Geometry of SAR Inter{crometry

3. Interferametric Coherence

SAR signal is 5 complex signal consisting of phasc as
well as amplitude. Let §, and Sy be the complex
signals rcecived from 1" and 2™ image of the
Interferometric  pair.  Interferometric  coherence  is
defined as the normalized complex cross-correlation
of both complex signals 5, and S;. The coherence v is
a quantitative measurc that represents the amount of
noise present in a SAR interferogram. Absolute value
of coherence varies from 0 to 1. Coherence value
equal 10 | indicates that both the signals are identical
whereas zero coherence value indicates that both the
signals do not concelate. Coherence (y) is defined as:

<5,8,*>

Y -
V(<8,5,*> <5,5,*>)
Equation 2

Where: S, and S; represent the two complex, signals, <

> gives the expectation value and * represents the
complex conjugation operator. In the conmtext of
interfcrometry, coherence represents the phase

variance between the two SAR images. Low value of
coberence indicate areas of noisy phase which need 10

be carefully avoided while unwrapping the phase for

retrieving topographic infonmation. Apant frem being

an indicator of arcas that need to be avoided for phase

unwrapping, coherence has a good potential in a

variety of applications (Wegmwller et al.. 1997, Leifl
ct al., 2003, Marcus and Juha, 2003 and Srivastava ct

al., 2403, 2004a, 2004b, 2006).




Coherence provides information on iemporal siability
and is therefore an important feature for general land
4 cover mapping. In general, low value of InSAR
§  coherence is a resultamt of temporal decorrclation
| - between the two passes which are caused by these
L. features on ground that produce random dislocation of
scatierers  between ihe two passes. Forest cover,
vegelation / crop cover, water surfaces and human
. activities like ploughing etc. are good source of
i random dislocation of scakterers between the two
> passes. All these phenomena cause change in the
_ location of scalters, between the two passes. These
changes can be observed over perinds of hours to
months. However, for some features like water
surfaces =2nd  dense forests changes leading to
temporal decorrelation can occur in a matter of
seconds.

4, Data Sct and Study Aren
Study arca covers parts of Agra, Mathura and
Bhiaratpur districts, India. 1t is mostly a fla level
lemain with very little / gentle undulation at few
places. Major crops during winter season were wheat,
mostard and potato. However, during data acquisition
in late April and first week of May, almost all the
fields were harvested. The study area covers a number
of reserve forests having good variation in forest
density. The study area includes the world famous
Keoladeo National Park (A World heritage and
‘Ramsar site), which consist of three categories of
k- forest density viz. very dense, dense as well as open.
The study arca also covers Mandhera RF. which
‘contains mostly open forest category. There are 2
number of reserved forests (RF) on the northwestern
portion of Agru city glong the riverside, namely
abarpur RF, Bainpur RF, Mau RF and Surdas RF.
These reserved forests consist of mixed variation in
‘forest density. e.g. Babarpur RF covers mostly very
B dense forest whereas Bainpur RF, Mau RF and Surdas
comprise of mostly dense and open forest
tegories. Adso, the study arcu comsist a number of
llages surrowunded by village woodland. Linc
splantation along the side of railfroad/canal network
d other land cover features like fake. rivers and
ttiements are also present in the study arca. For the
pose of exploring the potential of Interferometric
herenee for forestry applications. it was required o
gnitor the random dislocation of the scatierers
ween the two passes over forested area. Best
sulis can be obtained by minimizing the time
erence between the two passes o that there will be
random dislocation arising due o human
fivities, For this purpose, the Imterferametric data
from ERS-1 (dated 30-Apr-96) / ERS-2 (dated
-May-96) operating in tandem miode were acquired
er parts of Agra, Mathury and Bharutpar districts.

International Jownal of Geomfarmatics. Yol.3, No.2, hunc , 2007

In tandem mission, ERS-2 followed ERS-1 with a
time kag of 24 hours. i.c. the same arca was viewed by
ERS-2 afier 24 hours. ERS-1/ERS-2 ndem mode
data provided interferometric pairs highly suited for
forestry applications as very hittle human activity is
expecied between the two passes (with a difference of
aonly 24 hours) and therefore most of the noise
introduced in the interferogram is expected due to the
random dislocation of the scatterers from vegetation
covered land and water bodies. Thus making it most
suitable data pair to study forestry relfated
applications.

5. Methodalogy

5.1 Interferometric Processing af Complex SAR Data

Interferometric processing of single look complex
(SLC) SAR data is camied out by combining two
single look complex (SLC) image pair 1o form an
interferogram. li is required firstly to co-register the
two images with sub-pixel accuracy. While co-
registering the two images to sub pixel accuracies,
common band (known as spectral shift) filtering of
the azimuth and range spectra is also conducted,
which ensures that only those parts of the spectra
which are common ko the two images are included.
This leads to optimisc interferometric carrelation in
terms of minimised effects of the baseline peometry
on the inerferometric comelation (Gatelli et al.,
1994). Next step is o compute normalized complex
interferogram in order to crass comelale the two
images (Zesbker and Villasenar, 1991). The
interferogram is "flatiened” by removing azimuth and

- range phase trends expecied for a flat Earth. Multi-

ook interferometric correlation is computed and
backscatter intensities are  estimated using this
“flatiened” interferogram and the two regisiered
intensity images. The processed SLC data enables the
caleulation of inlerferomettic coherence with the help
of Equation 201 is interesting o note that phase
unwrapping, which is difficult to perform. is not
required for the ecalculation of interferometric
coherence. InSAR analysis has been performed using
the SARDA (SAR DEM and Applications) sofiware
developed by Space Applications Centre (Indian
Space Research Qrganization), Ahmedabad, India
(Padia et al.. 2N2). With the help of SARDA
Sofiware, Imerferometric coherence images and SAR
backscatier images far the image pair (3(-Apr-96 &
{r1-May-96) has been generated.

5.2 Signasure Extraction

SAR backscatter images have been generated along
with interferometsic coherence image (o compare
separability of forested areas with the various land
cover classes on SAR backscatter images and
interferometric coherence image. Figures X and 3
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shows SAR backscalter image and comesponding  fields, human settlements and wetlands / water bodies 8
Imerferometric coherence image for 30-Apr-96 & 01-  have been extracted from the images shown in;
May-96 image pair. Signatures of very dense forcst.  Figures 2 and 3.
dense forest, open forest, dry bare fields, wel bare
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Figure 3: Interferometric: Coherence imuge over parts of Agra, Mathura and Bharstpur districts.
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Figure 5 Interferometric coherence images generated (rom the tandem pair clearly showing the Mandhera
Reserve Forest and Keoladeo Natonal Park, where as they have poor contrast with the surrounding areas in both
SAR backscatter images.
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Figure 7: Interferometric false colour composite over parts of Agra, Mathura and Bharatpur districts
(Red: Interferometeic coherenceCircen: SAR Backscatter; Blue: (ERS1-ERS2) SAR backscatter}.
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3.3 Scatterplor and FCC Generation
- In order to compare the separability between various
JJand cover classes an SAR backscatier image and
interferometric coherence image, a scatter plot has
been generated with backscanering coefficient on -
axis and interferometsic cohwrence on y-axis as shown
4o Figures 4. Figure 4 shows the variation of
. intedferometric cohesence with SAR buckscatter for
various land cover classes  extracted  from e
~interferometric coherence image generated from 30
CAPE-90 & O1-May-96 image pair and SAR backscatier
- image of 30-Apr-96. Figure 4 indicates that certain
fand cover classes that have poor separability on SAR
backscatler  image  are  distinctly  separable  on
- eoherence imige where as ecrtain land cover classes
that have poor separability on  interferometric
' ooherence 1mape, are distinctly scpamable on SAR
. buckscaner image. Figure 4 further suggesis that
_ combined use of SAR backscatier and imerferometric
. eosherence can improve the capability of SAR daty
- manifold  Tor detection and  density  mapping o
- forested arcas. In order to appreciate the potemtial of
combined (SAR  backscatter +  Inlerferometric
" eoherence) data sct, a false colour composite has been

gcm,rmd with the following combination (Figure 7)
- {Wegmuller and Wemer. 1995);

Red: Interferometric coherence 17) genersted from
, image pair (say A & B)

Green: SAR backscatier (a°4) of either image
{AorB)

Blue: Difference of SAR backscatter (6%, - o)
of two images (A-B)

Results and Discussions

A close ohservation of Variation of backscattering
soctficien with interferometric cohérence for varions
pad cover leatures indicates that most of the land
gover classes give distinet signutures in hackscatter
i coherence image as shown in Figure 4. This is
gurticularly advantageous for those land cover clusses
that produces  overlapping  signatures o cither
ackscatier image or coherence image. Due o this
Heason, il s d:tTusll w map these land cover classes
“awsing either backscatter image or coherence image.
“Result of this swdy suggest that synergic use of SAR
ckscatter with interferometric coherence eshance

sted arcas with other land cover classes and also
%fw forest density mapping. While studying forest
3 gnauu‘cs in AR backscatier (a*) image. it was
ed that there is very poor contrast between
s forest density classes with the surrounding
B4% B shmm in Fxgurc .-”! Far Lxdmple Mandhera

?Xm!adm ’\.nmn.nl Park .md Surdas Ro.cnc Furest

¢ capability of SAR data manifold for detection of
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(R.F.) show very poar comrast with the surrounding
areas. Al the same lime, although Foresis like Bainpur
R.F. Babarpur RF. and Mauv RF. near Agra arc
visible on the backscatter Image, the boundarics of
these forests are not very shaep. Study of Figure 5
indicames that delincation amd density mapping of
forested arcas is difficult on cither of the SAR
backscatter image (30-Apr-90 as wetl ax 01-May-96)
used w generate the Imerferometric  coherence
image. In contrast to this, Mandhera Reserve Forest is
clearly scen on  Interferometric cohercnee  image
genersted from the same image pair as shown in
Figure 5. Figure 5 also reveals that Keoladeo National
Park, which shows poor  contrast  with i
surroundings. in both the SAR  backscater {o®)
images appears distinet on interferometric coherence
image with excellent contrast with its sarroundings.
These  observations  suggest  that  interferometric
coherence is a uselul ool for Torest mapping using
SAR datn. In order o explore the potential of
interferometric coherence Tor forest density mapping.
decision rule based approach has been adopted. The
forcest cover density prevailing in the rescrved forests
(RF) covered in the study arca bas been used ay
training figkds, Figure 6 shows the decision rule based
classificd output showing various forest densilics over
parts af Agra, Mathura and Bharatpur districts. Very
dense forest iy displayed in red colour whereas densc
forest in yellow and open forest category is displayed
in green colour in Figure 6. It is observed in Figure 6
that aimost entire Mandhera reserve forest falls under
open  forest category (green colour). This  alse
explains the reason, why Mandhera reserve forest was
not clearly seen on like polanized lower incidence
angle C-huand SAR  backscatter mmage. Minute
observation of Figure 6 clearly indicates the potemial
of InSAR coherence for detection and forest density
mapping as all the major forests and  plantations
(National park. reserve forests glong with village
woodlands and  line  plantations  along  national
highways and canuts) have clearly come out in the
decision mule based classification approach. For the
purpuse of checking dhe aceuracy of derived density
classes & confusion matrix was generated based upon
vomparison of the lnSAR coherence derived map with
that of a conventional forest map, Test fickds
consisting of three forest density classes and water
badies were taken 1o arrive gt confusion matrix given
in Table 1. When compared with the conventional
forest map the cluss accocacy for cach of the observed
farest density class was as high as 92405, 85.43%.
and 84.21% respectively for open forest. dense forest
and very dense farest categonies. However, overall
accuracy was observed to be 84.75%. The relatively
low value of overall accuracy was mostly owing to
pixcls of water. which are muxing with that of
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different Jforest density clisses. Stady of Figure 6 also
confirms conlusing signuture in the form of mixing ol
very denst forest class with surlace water class
some pluces. This effect i highlighted within the lake
situated in the middle of Keoladen National Park and

at few places in river Yamuna, The overlup of

Interterometric coherence could be due (o the fact that
for very dense forests, high wind speed would result
in random dislocations of scatierers comparsble o the
random dislocation oecurred in case of surlace water.
However, one can overcome this problem by synergic
use of InSAR coherence and AR backscatler image,
ax both of these gquantities are independent o cach
other, This fact can be observed in Figure 4, which
pives the scatier plot of interferometric eoherence
with SAR backscitier. Figure 4 shows that maximum
value of interferometeic coherence of water is mixing

with minimum valoe of imerferometric coherence of

very dense forest {approximately 0.23). However,
these two classes are well sepurated on backscatter
innage faxis) s mean value of water, is approximately
-16.9 dB ax compared 10 mean value of SAR
buckscatter for dense forest (-7.1 dB). Figure 4 also
reveals thid, theee density classes of forests (ranging
from -10.50 dB 1o -6.4 dB) are overlapping with
surrounding arcas comprising of bare fields with
arying  surface  roughness and  soil  moisture
vonditions having maximun value of -4 dB and
minimum value of -12.23 dB on backscater axis.
However. forest  density  classes.  represented by
coherence values, ranging between G.23 1o 0,65 are
distinctly separated from coherence values of all types
of bare fields with varying surfiee roughness and soil

mosture  values  with  coherence value  of
approximately 0.79. It is interesting 10 note  that
InSAR coherence thitt has the capability w0 delineate
three densitics of forested land along with potential 16
discriminate  forested  lamd  with  surrounding:
agricultural areas, regpires the knowledge of SAR]
backscaier to delincate very dense forest class with
waler at few places. Similarly SAR backscatter that s
showing clear-cut delineation brtween calm water and ;
very dense forest requires InSAR coherence values|
for delineation and density mapping of forested land. |
Above observation suggests that svnergic use of SAR
backscatter and InSAR coherence is very useful for
tie delineution and density mapping of forested arcas.
For demonstruting combined use of SAR backscatter
and InSAR Coherence in delineating forested areas, 3 ;
fulse colowr composite has been  generated
explained in section 5.3, The false colour composile
thus created by assigning red, green 2od blue colourns
1 interferometric coherence, backscatter of cither of £
image and difference in backscatier of two images, i
shown in Figure 7, Figure 7 represeats {orest areas 1o
green colour and surface water in black or hlue
colour. Figute 7 clearly indicates that with the help of
vombined usc of interferometric cobierence and SAR
backscatter images. the mixing of forested areas with

surface water can be completely resolved, Oncet

forested arcas are defincated psing combined use of

InSAR coherence and SAR  backscatter, {nSARj
coherence can be used for forest densily mapping ¢
within forested areas, Thus making the synergic use t
of 1nSAR coherence and SAR hackscatter as a right

choice far many forestry applications.

Table 1: Confusion matrix showing classification accuncy (%9

- ]
CLASS Pixcls Classified (%)
ﬂ Opcn Dense Very Dense Water
~ Farest Forest Forest
Open Forest , 92.40 07.60 0 ) %
Dense Forest 06.62 B8543 07.95 0 :
Very Dense Forest 0 06.67 84.21 09.12
i.“w.alcr n u 130”4 } 5 76.%
L Overall accuracy: 84.75%

7. Conclusion

This study indicates that SAR Interferometry. which
s mostly used lor mapping of scene lopography
{DIEM) and surface displacerient. has huge potential
in the field af forestry, The fact that interferometric
coherence doesn’t rely on actoal backscatter {rom the
farget but the random dislocation of the scatierers
hetweet the two passes, makes il an independem
patmneter that is compleiely differem {rom the SAR

backscatter. It has been demonstrated that with the §

help of 1aSAR coherence, three categories of forest:

density could be detected. The class accuracies of £
different density classes have been ohserved o vary §
between 84.214% and 92,406 . However mixing of §

very dense forest with that of water could not be
resolved using INSAR coherence sone. In order 10

overcome (he mixing of waler o that of very dense §

lorestlamg], SAR backscatter of both the dates and

[ W ]



nSAR coherence were used. The combined use of
‘ISAR coherence, SAR hackscatier of one of the
tes and difference in SAR backscatier of two dates
s found to be useful in separating water from that
yery dense forest class, in fact most of the land
vover feature are clearly separated in 3-D space of
‘ nSAR coherence, SAR backscatter and difference in
“SAR backscatter between the two passes. Thus it was
ohserved that the combined use of SAR backscatter
and InSAR  coherence,  the  two  independem
“parameters, cnhanced the capahilities of SAR dat
‘wmifold for delincation and density mapping of
orested land, The significant outcome of the present
strdy i that il has specessfully demonstrated the
potential of Synthetic Aperture Rudar Imerferometry
(InSAR) technique for detection and density mapping
- of forested areas, which is relatively a less explored
application of SAR Interferotnetry in South Asian
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