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Estimation and validation of roughness length, surface temperature
and sensible heat flux computed from remote sensing (WiF§ and
NOAA/AVHRR) data
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ABSTRACT

For computation of Land Surface Processes on regionaliglotial bases for Gengral
Circutation Models, a feasible option is the use of satellite data. Inthis study roughness
length was estimated from NOAA/AVHRR data and IRS-1C/WIFS data. Surface
temperature and sensible heat flwere estimated from NOAAAVHRR data: The results
ware compared with ground/tower-based methods, Roughness length estimatad using
circular average method with application of fetch distance concept produced good results.
Consistency check was performed for estimated surface temperature. Sensibia heat flux

estimated from NOALAANVHRR date matched closely with the ground measurameants;

Key words: Remole sensing, Roughness length, Surface temperature, Sensible
heat flux, NOAASAVHRER, WiFS

Roughness length (Z ), surface
temperature (ST and sensible heat flux (SHF)
are. important land surface process (LSP)
mputs for general circulation models (GCMs),
For computation of such parameters on
regional/global scales, use of satellite data is
the Tessible option. NOAAJAVHRR provides
I, 1k spatial resolution data sets in visible,
near infrared (NIR), middle infrared and
thermal infrared spectral regions of
clectromagnetic radiation (e.m.r.). which can
be used to compute roughness length and
sensible heat flux, The IRS-1C/WiFS data in
|88 m spatial resolution in red and near
infrared (NIR) region can also provide an
cstimation of roughness length at 188 m gnid
scule. The 36.25 m IRS/LISS 1T data could
also bé used to compulte the roughness length
for micro level disgnostic insights of the
processes and 1o explore answer for the
abserved singuiarities,

WVaoetation is the dyvaamic component of

boundary and surface luyer characltenstics
Satellite based data sets can be utilised in
estimating the green biomass using the concept
of normalized difference vegelation mdes
(NDVI) with measurements in reddvisible and
near infrared (NIR} bands, Various types of
vegetation indices have been discussed in
Deekshatnhe and Gupra {1994 pand i Bannar
erad, (1995) NDVI has been used 1o estimate
roughness length (Boelle und Streckenbach,
1883Y,

MATERIALS AND METHODS

Indian Institute of Tropical Meteorology
(IITM), Pune, conducted a Land Surface
Processes (LSP) Experiment (LASPEX-97)
in Sabarmati river busin, The roughness length
£ and sensible heat flux (SHET computed hy
IITM from the measurements underiaken
Anand site have been used to compare with
the 7, and SHF computed {rom swellite daw,
Fiz. | showsthe diurnal varnation of roughness
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length estimated through wind profile method
tor February 25 and 26, 1997. Roughness length
(Fig. 1) is high during dawn and dusk and low
durmg the daytimme. In this paper, NDVI was
used to estimate roughness length. NDVI does
not change over the day. Satellite can provide
daytime measurements over an area only once
at the ume of 11s pass, NOAAAVHRR dat
pertaining to 1330 hrs, local solar time (LST)
was used to compute the NDVT and surface
temperature and moreover the reflected signal
i visible/red and NIR band would be strong
around 1330 hrs, Because the equatorial
crossing time of TRS and NOAA satellites are
HI30 hrs, and 1330 hrs., respectively, oy
computed from satellite based NDVI were
verified with the estimation of 7 made by
ITM from tower based measurements
undertaken at these respective times, The IRS/
WikFS offers diagnostic oriented value addition
in obtaining roughness length during the onset
of weuther development, teoat 1030 hrs., as
NOAA/AVHRR afternoon ascending pass
observations cater to estimation of Z_ for peak
weather development situation (around 1330
hrs.). Availability of thermal IR split window
in NOAASAVHRR data enables estimation of
surface temperature at 1330 hrs. LST, which,
wogether with 2 | is used for computing SHE.

Dt

For the present study, IRS-1C/WIFS data
of February 23, 1997 and NOAAJAVHRER
data of February 26, 1997 were chosen since
the relative comparison of roughness length
estimation from NOAA/AVHRER and WiFS
could be possible as the vegetation conditions
do not change in a day or two. [ITM and
Gujarat Agricultural University (GAU) have
collected  extensive ground based
meteoralogical data sets towards LSP studies
over the LASPEX region and NRESA had
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participated in the collection of spectral,
hyperspectral and thermal measurements over
several crops owards diagnostic studies of
space based measurements. NRSA has also
undertaken, at fortmightly interval, ground
surveys in Anand-Khandha-Derol region
towards (1) ground-truth collection for remote
sensing data based land use/land cover
classification and (1) for undertaking regionul
extension for the csimation of Z and SHF
using IITM LSP experiment measurements
al Anand, Khandha and Derol,

Estimation of roughness lengih

scientists working in LASPEX-97 begun
to realize the necessity of relating NDWVT with
roughness length to explore the possibility of
estimating Z from satellite data. The
Tomelloso (Belle and Streckenbach, 1993)
proposed the following relation:

£ =expl-5.5+ 58 NDVI) A1)
whereas according to Barrax method,

Z =exp(-3.2 + 53 NDVI) (2)

i
The NDVI iz a parameter, which
indicates vegetation biomass level and is
defined as

NIR - Red
...{3)

NIR + Red

NDWVI =

where NIR and Red are radiances in NIR
and red/visible bands, respectively. The
normalization throngh division with the sum
of radiances in NIR and red in the equation
(3) takes care of atmospheric, scan angle and
illumination geometry observation errors at
first approximation level. Since roughness
lengths derived from these two methods are
similar (Fig. 2} and almost merge at higher
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Fig. 1: Diurnal variation of roughness length derived from wind-profile method
for February 25 and 26, 1997 (courtesy: IITM, Pune),
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values of NDVI, thus any one of these
methods can be used, To develop our own
relationships, we would need large coincident
data sets from satellite and tower based
measurements. In the current study,
Tomelloso method was used and it was found
that the £ computed from satellite data was
alwitys lower than those computed from tower
hased methods.

To bring the wvalues closer to
vonventional value, the satellite-based values
were scaled by multiplying with eleven, Thus
the modified Tomelloso relation as given
below

Z =11%exp(-5.5+ 5.8 NDVI) A

was used and was found matching well with
conventionally measured 7, over the Anand
region,

The conventional tower based
measurements use wind profile method
wherein direction as well as speed keeps
varying with time. NDVI, computed from
satellite data at 1.1 km spatial resolution,
would not change with tme over the day and
perceptible changes may occur at weekly
interval. Since the wind field gets modified
by the location of vegetation and other
ohatacles within 100 km radius around the
location of tower, the NDVI was computed
upto 100 pixels radius circle (taking the pixel
covering the tower location as centre) for 1.1
km resolution AVHRR data and upto 600
pixels radius circle for IRS-1C/WIFS (188 m
resolution) data,

Computation of average NDVT for the
circle would be the simplest approach. To
give weightage to prevailing wind direction
one could select the 157 sector (1.e., 360
degree  domain categorized in 24 sectors)
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and use the sector, which encompasses the
wind direction at the time of observation. The
other option could be to take +1° sector
around the wind direction at the tirme of wind
profile measurement. The idea was to assess
the comparative aspects of roughness
parameter derived from satellile data, by
various methods within the zone of influence
with the conventional data.

Other dimension of thinking could be that
once a high or extensive obstruction from
vegetation (for city region, NDVT does not
work) stretches its influence on the incoming
wind field, thereafter smaller height vegetation
{over non-wide horizontal extent) on the down
side of the wind would not considerably
madify the signatures ol already modified
wind [ield. With this in view, the following
approaches were adopted:

Method A

Using average NDVI and thereafter
caleulating Z, with increasing pixel range i.e.,
with increasing distance from tower in

(1) acircle around the wwer location

() asectorof 15" angle encompassing wind
direction at the time of ohservation

(i) sectorof 3% (ie, 1%} w.rto wind
direction at the time of observation

In the above methods [i.e., under Al the
pixels having very less NDVI values (ie.,
<0.05) were ignored in the estimation of Z .

Method B

Using maximum NDVI (encountered
within the range of pixels in a given 13° sector)
in the sectors of 15° angle over the circle of
influence around tower.
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Fig. 2 : Roughness lengh derived from simulated NDVI by Barrax and Tomelloso

methods.
Estimation af land surface temperature

Surface temperature over land and
ocean 15 of undeniable importance in
agriculiuee, meteorology, environmental and
other applications. Measurement of surface
temperature over land by remote sensing is
difficult because of its heterogeneity. This
requires knowledge of emissivity of each pixel
whose physical (Kinetic) temperature needs
to be determined, This difficulty has been
circumvented with the split window thermal
channels provided in NOAA/AVHRR and by
using the NDVI in modulating the ermissivity
variation over the crop growth cyele (CGC).

The emitted radiation is collected in
10.3-11.3 pm (channel 4) and 11.5-12.5 um
{channel 5) of AVHRR and the corresponding
brightness temperatures are indicated by T,
and T, respectively. These two temperatures
are uscd Lo estimate kinetlic lemperature {T_‘inj
using split window algorithm (Beckerand Li,
15990 as

T, =al, +b(T,-T)+¢ (5
where a, b and ¢ are coelfcients obtamed by
statistical analysis.

One usually encounters partially
vegetated pixels, especially in 1.1 kim resolution
AVHRER data. Further, the magnitude of mixed
characteristics (relative areal-view based
proportion of seil and crop) of the partially
vegetated pixel changes as a funetion of
phenological stage of the crop. In such a case
NDWVI could be used as a surrogate parameter
towards assessing the relative contnbution of
soil and vegetation over CGC during estimation
of land surface temperature. Here, one could
compute the temperatures T, and T, under two
assumptions, viz., (a} the pixel is totally devoid
of vegetation (T ); and (b) the pixel is totally
covered with vegetation (T ) using equation (6],

T =A+B([+T)2+CIT-T)2..(6)

k3

Here A, B and C are functions of emissivity
m AVHRR channels 4 and 3, average and
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difference of emissivities in these two
channels. While computing the TE, the
emissivities corresponding to soil in channels
4 and 5 were used (Becker and Li, 1990) and
during computation of T_the emissivities
corresponding to maximum NDVI were used.
The NDVI for bare soil (NDVIL_) and [ull
canopy (NDVI ) and the corresponding
emissivity values. used in compuling T, and
T, are available in Becker and Li ( l@f?ﬂl}.

MNow the relative mix-up for vegatation
component (NDVI ) for the given pixel could
be estimated using

NDVI . -NDVI .

R . Ny AT

NDWVI =
""NDVI_, - NDVI_,

The kinetic temperature of the pixel could
be computed using

T,=NDVLT, +(I-NDVL)} T, ...(8)

Details of this methodology are available
in Gupta eral (1997),

Estimation of sensible heat flux

An attempt has been made to derive
sensible heat flux from NOAA/AVHRR data
and to compare the same with the one obtained
by tower data-based methed in the LSP
experiment conducted by [ITHM.

Equation for sensible heat Mux (H) can be
written as (Bolle and Streckenbach, 1993
Chehbounteral, 1997, Vining and Blad, 1992)

pC(T-T )

B (D)
-

where p is air densaty, Cp s specific heat of air

at constant pressure, T and T are temperature

of pixel and air, respectively, risaerodynamic

resistance to sensible heat flux defining
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exchanges within the surface layer and can be
caleulated using the following relationship given
by Bolle and Streckenbach (1993)

Fo= e In--mmeee (10
u*k Fig

where k is Von Karman constant (~<0.41), 2
is height of measurement, 7 is roughness
length and v* is fnction velocity. Equation (9)
is valid when vertical transport of heat and
momentum become much larger than
horizontal transport (Hall e al., 1992),

RESULTS AND DISCUSSION

Roughness length was obtained using the
NDVI derived from NOAASAVHRR as well
as IRS-1CAWIES data using the approaches
mentioned in the section named "Estimution
of roughness length". The AVHRR radiances
were corrected for sensor degradation (Rao
and Chen, 1996}, atmospheric (Rayleigh)
scattering and scan angle effects using dark
body method and thereafter equation (3) was
used to compute NDVI, Fig. 3 shows the
comparisen between uncorrected and
corrected NDVI wherein one can realise the
necessity of corrections for sensor degradation
and atmospheric effects. Hear X-axis refers
to distance in pixels in tower location and Y-
axis refers (o NDVI computed by circular
averaging the NDVI values with tower location
as the centre.

Spatial distribution of roughness length in
Wik'S and AVHRR images

For WiF5 data, 1 = digital count values
were converted into .udiance measurements
{using sensor gain and offset values) prior to
computing the NDVIL WiFS collects data in
0.62-0.68 wm (red) and 0.77-0.86 pm (NIR)
bands. Plate | gives the IRS WiFS image
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Fig. 3 : Comparison between atmospherically corrected and uncorrected NDVI of

NOAA / AVHRR daa,

where agriculture areas are seen in varying
degrees of red shades.

The use of NDVI for roughness length
estimation is justified, as the increased
magnitude of vegetation would create more
surface roughness for the wind field. Higher
the NDVI, higher the vegetation under the
pixel. hence more interaction with the wind
field which will result in increased z.

Plates 2 and 3 show NDVI derived
from IRS-TC/WIES data (February 25, 1997)
and NOAA/AVHRR (February 26, 1997),
respectively. Plate 4 & 5 show the roughness
length images derived from IRS-1C WiES
and NOAASAVHRR respectively. One could
locate Anand city in plates 2 and 4 with the
help of annotation in plate 1. The small black
portion in near centre of plate 2 indicates
predominant concrete component of city

while the blue component around this hlack
portion refers to near periphery zone of the
Anand city and the crimson (NDV] in 0.03-
0.10 range) around blue refers to outskirt
boundary of the Anand city, In WiFs
roughness image 7 for NDVI values upto
0.05 are getting merged giving Z < 0.05 m,
which may not be realistic. To take care of
cily zone, the city category specific £ had
to be independently incorporated with
computed 7 from NDVI image over non-
city zones to get realistic spatial distribution
of Z , which will also modify the aggregatad
value for £, This could be achieved using
Geographic Information System (GIS). In
WiFS roughness image (plate 4), 2 inrange
of 0.05 - (110 predominantly encompasses
three (< 0.00, 0.00 - 0.05 and 0,05 - 0.10)
ranges of NDVI (plate 2) with some pixels
(tnear NDWVI value of 0.10) getting placed in
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Fig. 4 : Variation of roughness length as a function of distance from tower
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7. range of 0.10 -0.15 m. For inner river
water and highly concrete zones ane expects
NDVI < (. At very high NDVT ranges 1.e,
(.45 - 0.50 and 0.50 - (.58 (plate 4), Z 15
getiing intosingle category in plate 4 for the
reason that the range for 7 is wide (0.95 to
1.30) -- kept for the sake of limitation in the
perceptive capability for analysis of colour
coded images. In between the stages, it is
seen that geomelric structures are easy to
perceive in 2 imiige ds compared to that in
NDVI image.

Plate & represents the AVHRR image over
the region in near [R band where increasing
intensity in the agriculture region appears in
increasing degree of whiteness, Water bodies
appear black while urban and semi-urban

ceions appear in blsh grey shade, The ety
of Anand is located below the annotation.
since AVHRR data is in 1.1 km resolution,
the descriptions cannot be handled in the way
it had been Tor WiFS (188 m spatial
resolution) images (plates 1, 2and 4). Since

the mixedness (1in pixel) would be lurge for
1.1 km resolution pxel as compured to tha
for 188 m resolution pixel. the upper limis
af NIV (0.52 for AVHER, 0.538 for WiFS)
and Zo (0.92 for AVHRR, 1,30 for WiFS)
for AVIRR are lower as compared to that
for WiF5 data. Objects with NDVI in <(.0
1o 0,08 range (plate 3) are getting merged in
Z, = 0.05 range (plate 5) as was the case for
WiFS. Smoothness in transition as observed
in NDV1image is not perceptible in Z image
as 7 isthe negative prunultml function of
NDVI. The examination of the numerical
duta pertaining to the plates 1 to 4 revealed
that the NDVI as well as roughness length
over bullt up arsas, from satellite data, islow.
This can be inferred particularly from Plate
4. Therelore, one limiting factor with the
roughness length estimation through NIDVI
method is that it can be employed only over
vegetative coverced areas: The varving
aspects of agricultural activities  around
Anand cily are getting reflected in NDVI as
well as £ images.
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Table 1: Sector-wise peak roughness length and its occurrence interms of AVHRR pixel dis

tance from tower location

Sector Distance Roughness Sector Distance Roughness
ideg.-deg.) {(AVHRR Lenghim) (deg.-deg.) (AVHRR) | Length (m}
pixels pixesl

015 21 (2B78 1801935 22 0.4306
15-30 20 (.2789 195-210 23 (14752
30-45 12 0.3008 210-225 23 0.4537
| 45-60 12 0.3480 2235-240 e 0.4382
60-75 12 0.3431 24)-255 25 0.3540
75-90 14 {1,3654 255-270 15 (1.3580
DO-105 13 ().3488 270-283 7 (3872
105-120 10 (3.3043 285-300 14 (14132
120-135 H (3147 300-315 17 (L4067
135-150 12 0.3085 315330 16 {13842
| 50-165 13 0.3447 330-345 15 0.2730
163-180 15 0,3599 345-360 2 (.2558

Estimation of averagelrepresentative
roughness length

Use of NOAAAVHRR data

.'1I'|r|':"f|r|'r'?r4'l_{!||

Conventionally, roughness length is calculated
using logarithmic wind profiles and these
mcasurements represent the effect of surface
roughness extended over larger distance (fetch
thstance) which itselfis a function of wind speed
and degree of surface roughness. Variability of
wind direction makes It necessary 10 average
symmetrically in all the directions as a first
approximation. From AVHRR data, the NDVI
is computed using broad-band 0.55-0.68 pm
(visible) and 0,725-1.1 um (NIE) channels. In
case of NOAA/AVHRR data, the maximum
radius/fetch distance considered was upto 100

pixels from the tower location and for the IR5-
1 WIFS dataupto 600 pixels. Roughness length
was estimated using NOAA/AVHRR data of
February 26, 1997,

Method Aff)

Fig. 4 shows a graph between radius 1n
units of pixels with tower location al the centre
and the Z_derived from corrected NDVT, The
roughness length shows an increasing trend
upto radius of 13 pixels and thereafter
decreases because of pixels of low
vegetation conditions in the circle around the
tower. Roughness length at 1330 hrs.
estimated from NDWVI (02811 m) matched
well ar the radius of 13 pixels with the tower-
based caleulation of Z (0.2692 m), This may
be due to the fact that when the wind interacts
with the earth surface features, the features
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IRS - 1C/WiFS Image

i 2 )

February 25, 1997

Plate | 1 IRS - 1€/ WIFS colour image composite of February 25, 1997 showing
Anand and surroundings

IRS - 1C /WiFS NDVI Image
. B I |
< .00
0.00 - 0.05
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0.45 - 0.50

| 0.50 - 0.58

Feb. 25,1997
Anand region

Plate 2 : Colour coded NDVI image derived from IRS - 1C / WiFS {February 25, 1997)
covering Anand and surroundings
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Atmospherically corrected NDVI Image
R S @S NDVI
<0.00

0.00 - 0.05
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N 0.15-0.20

0.20- 0.25
0.25-0.30
0.30 - 0.35
0.35 - 0.40
B 0.40-045
B 0.45-052

NOAA / AVHRR
Feb. 26, 1997
Anand region

Plate 3 : Colour coded NDVI image derived from NOAA / AVIRR (February 26, 1997)
covering Anand and surroundings

IRS - 1C / WIiFS Roughness Length Image

Roughness Length (m)

=(.05

0.05-0.10
0.10 - 0.15
0.15-0.20
0.20 - 0.25
0.25 - 0.35
0.35 - 045
0.45 - 0.55
0.55 - 0.65
0.65-0.75
0.75 - 0.85
0.85- 0.95
0.95-1.30

Feb. 25, 1997
Anand region

Plate 4 : Roughness length image derived from IRS - 1C/ WiF$ (February 25, 1997)
for Anand and surroundings
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Roughness Length Image
(using atmospherically corrected NDVI)

Roughness Lengh (m)
< 0.05
0.05-0.10
0.10-0.15

B 0.15-0.20
0.20 - 0.25
0.25-0.30
0.30 - 0.40
0.40 - 0.50

= 0.50-0.60
! 0.60-0.92
MNOAA / AVHRR

Feb. 26, 1997
Anand region

Plate 5 : Roughness length image derived from NOAA / AVHRR data
(February 26, 1997) for Anand and surroundings

NOAA / AVHRR NIR Image of part of Gujarat

February 26, 1997

Plate 6 : Near - Infrared band (Band 2) image of NOAA / AVHRE of February 26, 1997
showing Anand and surrounding arcas.
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Land Surface Temperature Image
{using NOAA / AVHRR atmospherically corrected NDVI)

Temperature in Deg. C

27-32
32-37
3742
42-47

| 47-52
52-57

B 57-52

Feb. 26, 1997
Anand region

Plate 7 : Surface temperature image derived from NOAA [ AVHRR data for
February 26, 1997,

Atmospherically Corrected NDVI of Anand & Surroundings

AVHRR NDVI
< 0.00
0.00 - 0.05
0.05 - 0.10
0.10-0.15
0.15-0.20
AVHRR Image Composile  January 5, 1997 NDVI 0.20 - 0.25
{Fabruary 11, 1957) U 0.25-0.30
0.30 - 0.35
0.35 - 0.40
0,40 - 0.45
0.45 - 0.50
0.50 - 0.55
0.55 - 0.60

February 11,1097 NDVI  February' 28, 1997 NDVI 0.60 - 0.65

Plate & - NDVI derived from NOAA / AVHRR data for January 5, 1997, February 11,
1997 and February 28, 1997,
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NOAA / AVHRR Land Surface Temperatures

(using atmospherically cormected NDVI)

Temperature in Deg. C
20-24
24-28
28-32
32-36

AVHRR Image of Anand January 5, 1067 36-40
{February 11, 1997)
40-44

44-48
48-52
52-56
56-60
B s0s3

February 11, 19497

Plate 9 : Surface temperature derived from NOAA / AVHRR data three dates Januvary
5, 1997, February 11, 1997 and February 28, 1997,

Sensible Heat Flux Image
SHF (Wi sqr.)

<= L0
0-100

-3000)
300-400
400-500
BO0-600
GOD-T00
TO-B00
BO0-1009
MOAA | AVHRR
Feb. 26, 1947
Anand reglon

Plate 10 Sensible Heat Flux image derived from NOAA/AVHRR datp for February
26, 1997 over Anand region,
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Table 2: The least distance in terms of AVHRR pixels in various 15° sectors at which the
roughness length from NOAA/AVHRR data came as near as possible with the wind
profile-based Z_value of 0.2692 m {1330 hrs.).

sector Distance Roughness Sector Distance Roughness
ideg.-deg.) | (AYHRR Lenghim) (deg.-deg.) (AVHRR) | Lengthim)
pixels pixels
(=15 17 (.2698 180-195 8 0.2699
15-30 12 (.2697 195-210 8 (.2685
30-45 8 2619 210-225 7 (2751
45-60 6 0.2655 225-240 5 0.2669
75-90 g (L.2605 255-270 12 (1.2643
90-105 0.2614 270-285 11 0.2684 *
| 05-120 [ 0.2620 2585-300 10 (0.2702
120-135 {.2673 300-315 11 (1.2754
1 35-150 5 0.2812 315-330 10 02559
1 50-1635 2 0.2670 330-345 15 (.2670
| 65-180 Y £.2671 345-360 23 .2557

closer to the observation location (i.e., the
tower) are likely to have more influence/
contribution than that from the pixels far away.

Methad Alif)

With reference to North, sectors with
angular width of 157 and radii upto 100 pixels
covering full circle {07-13%, 159307, cle.) were
imdependently taken. For these sectors,
average NDVEwas computed for ecach radius
w steps of | pixel from tower lecation, and
the corresponding roughness length was
derived. This (roughness length) s shown
g, 5 '3 through 'd'. As seen here, the sector
[65-180" has a widespread peak giving a
feeling of multimode with high values of 2
fulling at 10 to 24 pixels away from the tower.

Thus the incoming wind would get obstructed/
madulated over a wide region unlike in other
Sectors.

Table 1 gives sector-wise peak ronghness
length and its eccurrence interms of AVHRE
pixel distance from tower location. Except for
sectors having wider spatial spread of 2 with
high NDVI values, as mentioned earlier, ¥
for the other sectors were in the range of
0.25357-0.3546 m. Here again, [or sectors 330-
345" and 345-360°, the spread was hittle and
peak average NDWVI values were the lowest
among the 24 sectors, The afternoon wind
direction was 277 for which the NDVI based
roughness value is (L2697 min 15-307 sectorn
This compared well with the tower-based
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Fig. 7: Variation of roughness length derived using maximum NOAA/AVHRR
NDVIwithin sectors.

value of 0.2692 m, The purpose of this exercise is to provide

Table 2 gives the least radius for which tj:‘l'in m“i::::&'?l ]I‘urrw.fnuulq r,'a:" "\'IUF]?OOL:I:_I'EE
! ; ; Ao > The
roughness length came as near as possible R Ol ul VEERIOR 1D e A0S

with the wind profile based 7 = (1.2692 m. prevailing wind direction at 1330 h_rs. e 2?_“'
: Une can see a near-plateau region in this
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Table 3: Sector-wise peak roughness length and its occurrence in terms of WiF5 pixels from

the tower location

Sector Distance Roughness Sector Distance Roughness
ideg.-deg.) (WiFs Lengh(m) (deg.-deg.) (Wil's Length (m)
pixels) pixesl)

0-15 51 0.32049 180-195 138 (L4904
15-30 43 0.3313 195-210 144 (L4050
3045 5% 0.3072 210-225 158 [.4338
4.3-60) 35 (13454 225-24() 157 0.3659
60-75 52 (L3237 240-255 |25 0.3158
75-90 49 0.2824 255-270 17 (0.3443
90-105 &l 0.3105 270-283 103 (L3620
105-120 60) 0.3091 285-300 119 .3825
| 20-135 15 (02721 A00-315 86 0.2873
[ 35-150) 72 (3.329% 315-330 1] 0.2405
150-165 58 0.3209 330-345 87 (12431
165-180 127 0,3907 345-360 fl) 3.2706

sector over 10 to 34 pixel range. Tt looks that
effect of peak roughness is restricted to 3 to
25 AVHRR pixels from the tower location
(Table 2) depending upon the prevailing
vegetative and wind conditions.

Method Afiir)

Wind-direction data were taken from the
GALU Observatory. A narrow sector of 3°
i=1%) along the wind-direction was overlaid
on the image and average WDV as a function
of radius from tower location was calculated
and these average WDVI values were used
o compute roughness length. Fig, 6 shows
the graph between distance from the tower
location und 7 The peak value of roughness
length at a radial distance of 13 pixels matched

well {0.2604 m) with the conventionally
measured value of 0.2692 m. Here, the 7
had near-plateau i the range of radial distance
10-24 pixels. This disables the defining of peak
Thus the matching of Z by this method and
wind profile based method at 13th pixel does
not seem Lo be realistic,

Method B (wsing mecimmm NDV

Within each sector descnbed in AliD)
above, the pixel having maximum NDV/ in
the sectors of 100 pixel radii was used in
roughness length estimation, Figure 7 shows
the graph between distance from the tower
location and Z . This method overestimates
roughness ]nenalh when compared with the
wind profile based estimation of 7. ,
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Fig. 8 shows the graph between distance
from tower location in units of IRS-1C/WIFS
pixels and the roughness length. The first
mode (Z = 0.2893) of the curve was located
il the abscissa of 86, This value matches well
with the wind profile measurement (0.2972
m. The distance from the wower location for
maximum Z value in WiES data matches well
with that for AVHRR data based Z under
meathod A1) and thus provides reij.lhl]lw [0
this method.

Fig. 9 'a" through 'd" shows the graph
between distance from tower location in terms
of WiFS pixels and the roughness length, Table
3 gives the summary of the highest value of
£ encountered and the corresponding pixel
from the tower location for each 15° sector
with reference to noeth.

In the first quadrant {0-907) the maximurm
Z_ value occurred at relatively short distance
(4‘}‘ to 62 pixels) as compared with that in the
third {180-270") quadrant (117 to 138 pixels).
This is because the thick and nearly
homogeneous cover of vegetation (mostly
tobacco and banana) was located far off in
the third quadrant (south-west) and the values
of Z_were in 0.32-0.50 m range, The values
in the first quadrant were in the range of 0,28
to 0.35 m. The peak values of roughness
length in the second quadrant were in the
range of 0.27-0.39 m. The highest value of
7 thisquadrant is 0.39 m, for the 1635-180°
sector where coverage included a part of the
tobacco and banana fields. The fields could
be seen in Plate 1 in the south and southeast
of Anand region.

In the fourth quadrant, the values of ¥
were usually lower (the exceptions are the
sectors 27(:-2857 and 285-300°). This is due
to the fact that a considerable number of pixals
without much vegetation cover huppened to
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be located in the sectors giving Z in (1.24-
(1.29 m range.

The ratio of spatial resolution of
AVHRE (1.1 km)and WiFS (1858 m) is 5.85.
The distances for occurrences of peak AR

Table 1 {for AVHER) and Tahle 3 (fc)rW1F‘§}
were having considerable mismatch besides
having widespread near peak region. This
mdicates less reliability of this method.

Merhod Ali)

Fig, 10 shows a graph between distance
from the tower lecalion o units of pixels and
roughness length. Here, the Z has been
estimited by taking into account the wimnd
recorded by the metecrological observatory,
The first mode of the curve is around 44 pixels
and the value of 7 is 0.3187 m which compares
with the tower based 7 value of 0.2972 m.
The location of first mode in Z. inthe case of
AYHRR (Fig. 6) was at [2th pleI and this
does not match with the 44th pixel location in
WiFS: Further, wide spectral distribution was
abserved for near mode values, which makes
the mode ill defined in the case of WiFS: Hence
this method is not reliable. The circularaverage
method A is found more reliable.

Method B

Fig, 11 shows roughness length derived
from maximum NDVI value in different 15°
sectors. [t was found that this method
overestimated 7 when compared with 7,
computed from tower based meteorological
measurement corresponding to 1030 hrs. (time
of observation for WikFSs data).

Estimation of surface temperature from
NOAA/AVHRR Data

A discussed carlier, for estimation of

FLUX COMPUTATION FROM REMOTE SENSING 206

surface temperature (ST) over vegetation,
NDWI could be used as asurrogate parameler
for modulating variation in emissivity overcrop
growth cycle. Here also, NIV computed
from NOAA data takes into account the
correction  for sensor  degradation,
atmospheric scattering and secan angle
effects, Temperature of pixel encompassing
the tower location in 1.1 km x 1.1 km pixel
was estimated as 3131 K. Plate 7 shows 5T
image of Anand region derived from NOAA/S
AVHRR on February 26, 1997 at 1330 hrs,,
the time of NOAA satellite pass. As expected,
the temperature is lower in inlensive
agriculture areas as compared 1o those over
the barren areas.

Plates 8 and % show NDWYI image and
surface temperature of Anand region for
three dates (Jan. 5, Feb. 1] and Feb. 24

1997}, These dates correspond to vegetative
stage (Jan. 5, 1997), reproduction stage (Feb.
1§, 1997) L!ml senescence stage (Feb. 28,
1997) of the crops. A glance at Plate 8 shows
that the NDVI around Anand ity is very high
an Feb, 11, 1997 image (shown in grey and
white colours) indicating the healthy and fully-
grown status of crops because of intense
agriculture practice. NDVI of pixels
pertaining to city zone of Anand (colour coded
in green surrounded by vellow in the centre)
did not produce perceptible changes from Jan,
3 to Feb, 28, 1997, NDVI of pixels situated
atadjacent right of Anand city increased from
Jan. 5 to Feb. 11, 1997 and then decreased
back on Feb. 28, 1997, indicating that crops
moved to maturity/senescence stage.

The surface temperature of the Anand city
{(shown in green colour at the centre on Jun,
3, 1997 in Plate 9) did not change percepubly
from Jan. 5, 1997 to Feb. |1, 1997, This may
be due 1o the influence of crops around the
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Fig.10 : Variation of roughness length as a function of distance from
tower (in terms of number of TRS-1C/WIFS pixels) for method
A(iin), re., £1°  with respect to wind direction (27%).
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Table 4: Comparison of conventional 1430 hrs. temperature observations with NOAA/AVHRR
derived surface temperature (ST) during January/February, 1997

Temperature Measurements January 5 | February 11 February 28

Soil temperature at 2 em depth 43°C 44°C 45.3°C (surfuce)

NDEWVIdenved from AVHRR (.385 (400 .254

Crop lemperature 21°C 261°C (Feb: 12) | 32.4°C (Feb. 26)

NOAAAVHRR ST 28.5°C J1EC 43,370 (Feb. 28)
40°C {Feb, 26)

Adrlemperature 27.2°C 27.5% 36.5°C (28",
33°C (26M)

Soil temperature at 5 cm depth E P 36°C 45.3°C

Soil temperature at 10 cm depth 24.9°C 2670 32407

Soil temperature at 15 cm depth 2o 22570 215

Sotl temperature at 30 cm depth 23.5°C 21.5°C .

Soil temperature at 45 em depth 24°C 23°C - L

city. It can be noticed that the crop
temperature decreased from Jan, 3, 1997 o
Febo L1, 1997, This confirms the inverse
relationship between NDWVI and surface
lemperature over vegetation region (Guptaer
al., 1997). On Feb. 28, 1997, the surface
temperatures of the agriculture region
surrounding Anand show higher temperatures
as compared to those for Feh, 11, 1997, which
15 dhue to shift in the phenological stage of the
crops lowards maturity/senescence stage,

Consistency check for surface temperature
data

Table 4 shows the land surface temperature
derived from NOAASAVHRR data for the pixel
encompassing the tower location, on January
5, February 11 and February 2%, 1997 together
with correspanding in situ agrometeorological

measurements and surface-basced rudiometric
temperature  measurements.  Surfuce
meteorological observations, the soil
temperature at 2 em depth (surrogate 1o
surface temperature), 5, 10, 15, 30 and 43
cm depths were recorded at the GAU
Observatory, Anand,

On Jan. 5. 1997 radiemetric crop
temperature was 21°C. while the soil
temperature al 2 ¢m depth was 43°C, The
ST derived from NOAAJAVHRR was
28:8°C, which is relatively nearer to crop
temperature (217°0) compared to that for soil
temperature at 2 cm depth (43°C) as the
canopy wits fully developed. The NDVI value
for the pixel encompassing the tower location
on Jan. 5, 1997 was 0.385 which reached
highest value of 0.4 on Feb. 11, 1997 and
thereafterdecreased to 0.254 on Feh. 28, 1997

Journal Of Agrometeorology/ceety/201
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(Table 5) and this supports the fact that the 1997,

Crop canopy cover was very high on Jan.5 as . e
well as on Feb, 11, 1997 and the crops were The NOAA/AVHRR derived ST on Teb.
11, 1997 was 30.1°C which is nearer 1o crop

entering maturty/senescence stage by Feb. 28,

Table 5: Surface temperature and NDVI derived from NOAA/AVHRR for three dates

(a) January 5, 1997

] 2 3 4 5 b

27.44 2756 26.22 26,01 31,54 3,62

(1422 0.458 (0.486 0.472 (0.303 (.283

3 26,60 26.63 26.4 30.45 30.68 33.87
0.477 (482 (.482 0.352 0,328 (0.225

3 27.95 26,06 7883 28.34 2821 2742
(1,441 0.477 0,385 (1,383 0.373 0,392

4 28,91 26.69 26.53 26.69 2541 15.28
0,340 0.450 0.440 0.469 0.487 0.492

5 27.11 2817 27.98 28.0 27.47 28.17
0,419 ().394 0.394 (1,394 0.419 (.394

é 2842 28.7 28.45 26.92 37.52 28.71

- (1371 (.345 0.338 0.400 0.392 0.361

(b) February 11, 1997
I 2 3 4 5 &

[ 1 28 63 28.36 2897 28.26 29,23 26.61
0472 0.501 0472 0.497 0,460 L5340

2 2982 29.08 28.43 29.70 31.34 31,95
0.492 0.476 0.488 (.440 ().369 0,303

3 28.02 26.82 30.15 10.04 30.723 5.830

_ 0.500 (.515 (.400 0.425 (0,400 0,243
4 26.46 28.11 28.17 20,64 31.38 20 85
(.515 0.473 (1.469 0.393 {).308 0.34]

S 26.48 26.92 26.50 2537 24.45 3573
[ (0.498 0.4%] (.493 0.518 (0.537 0.525
& 26.56 27.20 26.41 26.66 28.44 2916
(501 0.461 (1.485 0.477 0469 | 0.456
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Table 5: Conitd...
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{¢) February 28, 1997

| 2 3 4 3 G
i 43.94 40,27 40.27 4348 42.36 $0.79
0264 (1.259 D373 0311 (311 0.373
2 39.03 4097 41,849 43.58 40.45 4047
0.420 00.400 0.377 0.262 .365 (.380
3 4271 43.08 43.36 41.07 3563 37.93
0.357 0.361 0.254 0.350 0.381 (),402
4 41.64 42.13 323 3202 3353 36,25
(1.336 0339 0.379 (:452 .A46T 0.432
5 39.42 30107 3813 35483 37.69 4040
£.374 0.374 0.44a7 440 0430 (1386
0 40,88 40,71 albhs 43.04 44.10 42.07
0.324 (324 0365 0,368 (.330 0.376

temperature as compared (o soil temperature
at 2 em depth. The NDVI for the two dates
{(Jan. 5 and Feb, 11, 1997) was nearly same
[0.385 for Jan. 5, 1997 and 0.4 for Feb. 11,
T997, please see Table 5(a) and (b)) and for
this reason the ST for the pixel for these two
dates was similar. It may be noted that
practically there was no significant change in
air temperature on these two dates (Table 4).
High NDVI value indicates the dominant
contribution of crop and for this reason, the
surface temperatures obtained from AVHRR
were weighted more towards crop
lemperature as compared to that for soil
lemperature at 2 ¢m depth.

On Feb, 26, 1997, radiometric crop
temperature was 32.4°C and soil temperamure
at 2 e depth was 45.3°C, At this time, the
CTOPS were nearing maturity/senescence stage
[NDVI got reduced. please see Table 5(c)].
This 1s further supported by the fact that the

difference between crop temperature and air

temperature was small ((L6°C) on Feb, 26,
1997 as compared 1o 1.4°C and 6.2°C on Feb.
11712, 1997 and Jan. 5, 1997, respectively.
The 5T derived from NOAA/AVHRR data of
Feb. 26, 1997 was 40°C and that on Feb. 28,
1997 was 43°C. As the crops in the region
have reached maturity/sencscence stage and
due to harvesting, the NOAA/AVHRR ST on
Feb, 26 was contributed more by sail than
that of crops.

Table 5 shows surface emperature and
NDVI of the pixel encompassing the LSP
tower (1dentified by rectangular enclosure) and
also for surrounding pixels together with the
cotresponding NDWVI wvalues. Further,
temperature variations for these dates were
also examined together with the NDVI
values. On Jan. 5, 1997, in the dircctions of
north to west of the tower location [i.e., the
puxels (1, 1), (1.2),(1,3).02.1)0,(2.2),(2.3), (3.1}
and (3,2}, where the first number i the bracket
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refers to the row number and the second to
the column number], NDVI values are higher
than that of the pixel encompassing the tower
and the temperatures are lower by 0.88-
2.76%C. Visual examination of the AVHRR
data showed that this 1s due to intense
cultivation in these directions,

In the east and northeast direction
fexcluding pixel (1.4)), NDVI values were
lower or comparable with that for the pixel
cncompassing the tower,

As expected, the surface temperature
values were becoming higher in case of pixels
with considerably lower NDVI values as
compared to that of the pixel encompassing
the tower location. This may be due to mix
up of different types of land coverin the pixels
ircitl:rrmi o as mixed pixels),

In the south, southeast and southwest
directions, the NDVI values were comparable
{lemperatures also comparable) and more in
southeast direction (temperatures lower than
that of the pixel encompassing the tower).
The increase in NDVI values in these pixels
15 due to mtense cultivation practice,

Sinee all erops were in reproductive stage
by Feb. 11, 1997, higher (or comparable)
values of NDVIwere observed inall directions
(Table 5(b)) with reference to NDV1 observed
onJan. 5, 1997 (Table 5(a)) except for pixels
at (3, 6 and (4, 6) which showed a decrease
in the values of NDVI (with a corresponding
inerease in surface temperature) with
reference to Jan. 5, 1997, This may be due
o high altitude cirrus clouds, which would
not get detected in L1 km resolution AVHRE
duta. Due to seasonal change, surface
lemperatures were, in general, higher for all
the pixels, Further, the response of NDV1 is

[Vol. 3, No, | & 2

ricarly flat during peak vegetative through
maturity/senéscence stages. Thus during
these stages the sensitivity levels of NDV]
and surface temperatures will not match,
which is-also responsible for not getting well
defined opposile phase paticrns in the
temporal trends of surface temperatures and
NDVIs.

By Feb. 28, 1997 the crops were reaching
maturity/sengscence stage, With reference o
Table 5{¢), but for a few pixels [(4.4), (4.5)
and (4.6)] NDV] decreased on Feb, 28, 1997
is compared to those on Feb: 11, 1997, For
some pixels, still significantly high value of
NDVT on Feb, 28, 1997 indicates that the
crops in these areas were still reaching
maturity rather thun having reached maturity,
Here, decrease in NDVI was accompanied
with an increase in temperature as expected
during maturity/senescence stage. Increase in
ST for the pixel encompassing the LSP tower
and the GAU Observatory region from Feb.
1, 1997 to Feb. 28, 1997 (Table 4) was
32.70% (9°C). An increase of near similar
magnitude would also be present in the other
pixels and that accounts for the difference in
trend between ST and NV when the
parameters for the lwo dates are compared.

Estimation of sensible heat flux (SHE) from
AVHRE data

In order to calculate SHF, the resistance
to heat exchanges (r) need to be estimated
using eq. (10). For this computation Z was
assumed to be -3.12 m (i.e., averige of
geometric mean of possible combinations of
1,24 and 8§ m referring to different levels of
LSP tower),

Plate 10 shows the sensible heat flux image
for the Anand region computed using the ST
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and Z obtained from NOAA AVHRR
[U”ULHTIj__ Vining and Blad (1992). Air
empierature from the observatory and friction
velocity (u7) was provided by IITM. As can
be expected, sensible heat flux was very high
{700- 1009 Wm™) where vegetation is sparse
in the direction far-west and far south to
Anand, whereas, the flux values are in the range
of 200-500 Wm? in the areas having extensive
craps. The conventional measurement of
sensible heat flux over the GAL observatory
at 1330 hrs, was found to be 214.06 Wm”
and the satellite at the wwer location yielded
wviloe of 2135019 Wim®, The magnitude of
SHF aver cerain agriculture region is relatively
high as the crops were entering into maturily/
senescenee stage,

CONCLUSIONS
Roughness length

Table 6 gives the information on the
comparison aspect of estimated Z from
methods based on A (page 197) from AVHER
dita and wind profile method while Table 7
addresses to this aspect with reference to Wiks
data. The 1100 mresolution AYHER pixel will
have about 5.85 WIFES pixels of 188 m
resolution. Thus 13 AVHRR pixels need to
correspond 10 76 WIiFS pixels. The standard
error could be 5,85 pixels, Thus 13 AVHRR
pixcls could be equivalent to 82 WIFS pixels.
As scan angle geometry for WiES and AVHRR
wiould not be the sume. one could expect some
add-on WiF5 pixels for working out the
correspondence with the distance in terms of
ANVHER pixels. Consistency in the location
modes in AVHRE and WiES have a large
musmatteh for methods A and Adiin and due
10 this the percentage error in the estimation
of 7. by these methods are higher for WiF5S
a5 compared to estimations from AVHRR data.
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The wide spread nature of mode for methods
Aftyand A looks to be the primary reason
forit. Thus the methods Adit) and Aln) could
not be considered reliable for semi-operational
application,

For eircular average method Al the
distance of mode for Z inthe case of AVHRER
as well as WiFS was matching and mode was
also uniquely defined (was not widespread).
Further, the circalar average method could be
representative of a wide spread regon and
for estimating a single value for the daytime
{due tohigh variability in wind dircction).

The degree of mismatch in & estimated
with wind ]}rDEllL method and AVHRR data
{4.4%) and WiF5 data (-2.6%) were within
the tolerable limits besides being consistent
with reference to distance of mode (for Z )
from tower for AVHRER as well as WiFS data
sets. Thus this method, i.e., A1) is reliable,

The method B using AVHRR and WiFS
duta overestimated the value of 2 with
reference to Z computed by wind profile
method (using tower-based measurements).
Thus this methad is also not reliabile.

Surface temperature

Surface temperatare estimated for pixel
encompassing the tower from AVHRE data
(Feb. 26, 1997) was about 40°C. Areas having
good vegetation cover showed lower
temperature than barren areas, which is
eapected. This proves that the surface
temperature derived from AVHRR data is
consistent and thus reliable.

Nensible heat fTux

Estimation of sensible heat Mux has good
promise in the case of the NOAA/AVHRER data,
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Table 6: Comparison of Z_estimated from AVHRR data for methods A(1), A(1) and A{iii) with

wind profile data for Feb, 26, 1997

Esumated .é from
AVHRR L!.th {m}

Method

Percentage difference
between AVHRR Z and
£ =0.2692 m from wind

profile method

Distance from tower
pixel for AVHRER
data-based 7, (in

terms of number of
AVHRR pixels)

Al Circular average (.2811 44 i3
Alaik Tor average in

157-307 sector 0.2697 0.02 |2
Al 21" wrtn 27°

wind direction (.2604 -3 13

—_—l

Table 7: Comparison of Z _estimated from WiFS data for methods A(i), Atii) and Afiii) with

wind profile data for Feb. 25, 1997

Percentage difference
between WIFS 7, and

Distance from tower
pixel for Wil's data-

Method Estimated 7 from | Z =0.2972 m from wind | based Z (interms of
WiES () profile method numberof WiFS
paxecls)
Ati): Circular average (,2893 -2.6 i
Afii): for averagein
[ 5%-30" sector (.3313 1.0 43
Afiny 1% wrto27°
wind direction (L3187 2 44

In thiscase, the convenlionally measured value
was 214,06 Wm * while the satellite derived
vitlue was 215,19 W™, This good matching
could also be a comeidence, Here, further work
with the Intensive Observation Period (IOF)
data sets from IITM would enable
development of operational/semi-operational

SCOPE FORFURTHER WORK

To obtain more accurate results, equations
relating roughness length and NDVI must be
worked out for Indian conditions, This involves
use of multi-temporal data. For obtainment of
realistic NDVI from NOAA/AVHRR data, the

level algorithms: radiances were first corrected for scan angle
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effects using dark body method. This
approach, although a very good apprexinsation,
may not be the correct one. The lalest sensors
on board Terra satellite such as MODIS, which
provide information about the state of the
atmosphere at the time of data acquisition iself,
wonld enable better atmospheric corrections.

Since estimation of roughness length using
NIV is relevant only for areas covered with
vegetation: for areas devoid of vegetation, new
method must be worked out. One way to
overcome this problem could be to incorparate
standard values of conventional roughness
length and use NDY I based roughness length
over non-urban areas. For this, Geographical
[nformution System (GIS) may become a ool
of high utility in achieving this mix-up,
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