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The seasonal and yearly trends of tropospheric ozone
for a few Indian forests from 1980 to 2000 have been
studied using ozone data obtained from the tropospheric
ozone residual method. The season in which peak
value of ozone concentration is observed has been found
to depend on the type of vegetation. The tropospheric
ozone in Indian forests is observed to exhibit an over-
all increasing trend both seasonally and yearly over
the period of these 20 years.
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THE forests of India are ancient in origin and rich in vari-
ety and composition. The role of forests as sources'™ or
sinks® of tropospheric ozone is well established. Plants
emit isoprene (CsHg) and monoterpene (C,¢Hyg) through
their leaves and needles, in response to stress such as
drought, mechanical disturbances such as rain and also
during normal growth. These hydrocarbons emitted from
the forests react with NO, produced from automobile ex-
haust and factory by-products transported from the cities,
to produce tropospheric ozone, which is a pollutant and
greenhouse gas™”. Tropospheric ozone produces a warming
effect” with a radiative forcing of +0.35 W/sq. m. Apart
from this, Kurpius and Goldstein® have suggested that
ozone from the forests could react with natural hydrocar-
bons emitted by plants, resulting in the formation of aero-
sols that potentially impact climate by increasing the
formation of clouds and scattering sunlight. Hence, apart
from emissions due to human activity, it is necessary to
take into account emissions from the biosphere also, to
understand how our climate system is likely to change in
the future. In view of these considerations, the trend of
tropospheric ozone in a few Indian forests over a 20-year
period (1980-2000) has been studied here.

The production of tropospheric ozone in forests de-
pends on: (1) the amount of isoprene and monoterpene
emitted by the plants, which in turn depends on the type
and area of the forests, temperature and humidity levels
and (2) background NO, levels. High ambient humidity
levels or mechanical disturbances such as rain can en-
hance the emission of monoterpene®’. Biogenic monoter-
pene emissions contribute to photochemical ozone
production®. The effect of isoprene on tropospheric chem-
istry depends on the background NO, level®. Ozone con-
centration is enhanced by the addition of isoprene, if the
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initial NO, level is high or medium, and depleted if the
initial NO, is low.

The yearly and seasonal trend of tropospheric ozone in
Indian forests from 1980 to 2000 has been studied using
data obtained from the Tropospheric Ozone Residual (TOR)
method, developed by Fishman et al.'®. Daily TOR distri-
butions were derived by subtracting the empirically cor-
rected concurrent measurements of stratospheric column
ozone from the Stratospheric Aerosol and Gas Experi-
ment (SAGE) and Solar Backscattered Ultraviolet (SBUV)
instruments from the total column ozone measurements
made using the Total Ozone Mapping Spectrometer
(TOMS). Gridded global values of tropospheric column
ozone are available with 1° latitude by 1.25° longitude
horizontal resolution up to December 2000. The grid used
for the calculations was a 100 x 288 matrix, and covers
the region between latitudes 50°S and 50°N. The SBUV
instrument provides approximately 750-800 vertical pro-
files on a daily basis. After the stratospheric ozone was
determined at each grid point where SBUV data were
available, an interpolation procedure was used to fill in
all missing values within the daily matrix. A five-day run-
ning average was applied using the daily matrices of the
SBUV stratospheric ozone and the resulting matrix was used
to represent the stratospheric ozone distribution for the
central day. The TOMS data were not temporally averaged.
The daily dataset for each grid has been further averaged
seasonally by Fishman et al.'’. An initial comparison of
TOR values with a number of ozonesonde stations showing
improvement of application of empirical correction to the
Version 6 SBUV archive has been presented by Fishman
et al.'’. Another validation study showing how the TOR
accurately captures the horizontal gradient of the monthly
climatological values of tropospheric column ozone derived
from long-term high quality ozonesonde data at Wallops
Island, USA and the Hohenpeissenberg Baseline Station,
Germany between 1979 and 2000, was presented by
Creilson et al.'’. The most comprehensive validation
study was published by Wozniak et al.”* after introducing
empirical correction, indicating the reliability of the TOR
technique. Vukovich et al.”® have reported that the day-
to-day and month-to-month variations of the TOR com-
pared well with the corresponding variations of the surface
tropospheric ozone studied by them using ozonesonde
data. However, they have reported that the mean differ-
ence between the TOR and the tropospheric ozone from
their ozonesonde data varied between 1.5 and 8 Dobson
Units at different locations. The yearly mean columnar
tropospheric NO, values measured by GOME (Global
Ozone Monitoring Experiment)'* for the year 2000 have
been obtained from the website http://www.temis.nl/. The
GOME instrument on the ERS-2 satellite provides global
gridded values of tropospheric column NO, with 0.25°
latitude by 0.25° longitude horizontal resolution. The map
of India (Figure 1) depicting a few major Indian forests
that have been covered in this study has been obtained
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