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Abstract: The study is based on the satellite estimation and ground measurements of
solar UV index in Kathmandu for the year 2009. Kathmandu (27.720N, 85.320E) is
located at an elevation of 1350m from the sea level. The ground based measurement
and satellite estimation was performed by NILU-UV irradiance meter and EOS Aura
OMI spacecraft. The NILU-UV irradiance meter measures UV radiation in different
spectral range. The Ozone Monitoring Instrument (OMI) is a spectrometer designed to
monitor solar radiation in spectral range of (270-500) nm. This study shows that
satellite overestimates the ground based (GB) UV Index (UVI) before monsoon by
103.6 % whereas during the monsoon period overestimation comes down to 70.8 %.
The correlation coefficient (r) between ozone column from satellite and ground based
measurement before monsoon and after monsoon is also studied. It is observed that the
correlation between satellite estimated ozone column and ground based ozone column
before and after monsoon is 0.83. The study showed that the estimation of OMI before
monsoon is high than after monsoon.
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1. Introduction

The amount of solar ultraviolet (UV) radiation (200-400 nm) reaching the earth’s surface is
affected mainly by atmospheric ozone absorption, cloudiness and aerosols. Changes in UV
radiation at surface may strongly affect the human health and the terrestrial and aquatic
ecosystems [13].

Surface UV radiation estimates have been provided from the Ozone Monitoring Instrument
(OMI), flying on the NASA EQOS Aura spacecraft since 15 July 2004. OMI is a spectrometer
designed to monitor ozone and other atmospheric species [10]. Two algorithms, OMI-TOMS
and OMI-DOAS (Differential Optical Absorption Spectroscopy), are used to produce OMI daily
total ozone datasets. OMI UV products are local solar noon irradiance at 305,310, 324, and 380
nm, as well as EDRs and Erythemal Daily Doses (EDDs). OMI continues the Total Ozone
Monitoring System (TOMS) record of total ozone, aerosol, and UV measurements. Satellite
ozone and UV data derived from TOMS were exhaustively validated by means of ground-based
ozone and UV data [2, 5, 1, 8]. Brogniez et al. (2005) found a reasonably good agreement
between satellite ozone data and ground- based measurements retrieved in six European sites:
generally the ground-based ozone seems to be slightly than TOMS ozone (less than 3%).
Regarding UV data, Fioletov et al. (2002) found that erythemal UV estimates from TOMS
demonstrate better agreement with ground-based measurements in case of low level of pollution.
Arola et al. (2005) compared TOMS overpass retrievals against Brewer measurements at Ispra
(Italy) and Thessaloniki (Greece), obtaining large positive biases in both cases (on average about
19% for Ispra and 30% for Thessaloniki). They found that these discrepancies can be mainly



Satellite Estimation and Ground Based Measurements of Solar UV Index in Kathmandu 19

explained by the aerosol effect. Kazantzidis et al. (2006) confirmed that TOMS UV data
overestimate ground-based measurements by almost 20% under high aerosol load.

Kathmandu is the capital and largest metropolitan city of Nepal. The city is the urban core of
Kathmandu valley which contains two sister cities namely Patan 5 km to its southeast and
Bhaktapur 14 km to its east and is a touristic destination centre. Satellite estimation and ground
based measurements of UV radiation has not been performed in Kathmandu. Being located at
high altitude UV Index and UV dose in Kathmandu is expected to be higher. UV Index is an
indicator that helps to measure the effect of solar ultraviolet radiation on human skin. It is an
important indicator and is useful to raise public awareness for skin damage. The higher the
Index, the greater the risk of skin damage due to UV radiation. UV index differs from place to
place and depends upon different factors. Ozone, aerosols, clouds, solar elevation, altitude and
albedo are the factors that affect solar UV radiation reaching the earth’s surface. Thus the ground
based measurement of UV radiation with satellite estimation at Kathmandu is an important part
of the study. The main aim of this study is to present the ground based solar UV index with OMI
estimation in Kathmandu. The paper emphasized to compare the UVI at Kathmandu during
monsoon and before monsoon. The correlation between ground based UV Index (UVI) with
OMI estimated UVI is also analyzed. The paper also focused to compare ground based total
ozone with OMI.

Section 1 represents the introductory part of UV radiation. Methodology is given in section 2.
Results and discussion of the UV measurement is presented in section 3. Conclusions of the
measurement are included in section 4.

2. Instrumentation and Methodology

2.1 Ground based observation

The instrument used to measure solar UV irradiance at Kathmandu (27.72°N, 85.32°E) is NILU-
UV irradiance meter. The various types of instruments all have their pros and cons depending on
the manpower available for their operation, the location and accessibility of the measurement
site, and the accuracy, stability, and the quality requirements of the measurements. The need for
an accurate and reliable instrument that could operate independently in harsh environments with
in-board storage of data and the possibility for the remote down-load of data through public
telephone lines motivated development of the Norwegian Institute for Air Research UV
radiometer (NILU-UV). The NILU-UV instrument is a multichannel, moderate-bandwidth filter
instrument. It is a six-channel moderate-bandwidth filter instrument. Five of the channels are in
the UV with centre wavelengths at 305, 312, 320, 340, and 380 nm and a bandwidth of 10 nm at
FWHM. The sixth channel measures the so-called photo synthetically active radiation. It covers
wavelengths between 400 and 700 nm with a bandwidth of 300 nm at FWHM. The front optics
consists of a flat Teflon diffuser followed by custom-made interference filters from Barr
Associates, Inc., Westford, Mass. To minimize stray-light problems the five UV channels in
addition have UG-11 and read leak filters. For the same reason the 305, 312, and 320nm
channels are equipped with individual specified short-pass filters. For all channels the radiation
is recorded by S1226-8BQ silicium detectors from Hamamatsu. The instrument is the
temperature stabilized at 50°C. It records data in a built in data logger at a 1-min time resolution.
The data logger has the capacity to store 3 weeks of 1 min averages. By interfacing the
instrument to a computer using a RS-232 port, data with 1-s tine resolution may b recorded. The
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total weight of the instrument ready for operation is 3 kg the instrument is weatherproof and
designed to operate in harsh environments (Hoiskar et al., 2003).

2.2. Satellite observation

OMI, the ozone monitoring instrument flying on Aura, is the latest of a series of 0zone mapping
instruments. In terms of the long-term ozone data record OMI can be considered an advanced
version of the total ozone mapping spectrometer (TOMS). A series of TOM’S instruments flew
on Nimbus 7 (November 1978 to May 1993), Meteor 3 (August 1991 to December 1994) and
earth Probe (August 1996 to December 2005). OMI continues this time series of global total
column ozone measurements.

OMI is the Dutch-Finnish contribution to EOS-Aura OMI is a nadir viewing, wide swath,
ultraviolet-visible (UV-VIS) imaging spectrometer that provides daily global measurements of
the solar radiation backscattered by the Earth’s atmosphere and surface, along with
measurements of the solar irradiance. Full instrument details of OMI have been given elsewhere
[10], but details relevant to ozone retrieval are summarized here. Unlike the heritage TOMS
instruments which measure ozone at six discrete wavelengths from 306 nm to 380 nm [11], OMI
measures the complete spectrum from 270 nm to 500 nm at an average spectral resolution of 0.5
nm. OMI combines the advantages of GOME and SCIAMACHY [3], measurement of the
complete spectrum in the ultraviolet/visible wavelength range, with the advantages of TOMS,
complete spatial coverage. The UV channel consists of two sub channels: the UV-1, ranging
from 270 to 310 nm, and the UV-2, ranging from 310 to 365 nm. The total ozone retrieval is
based on measurements from the UV-2 detector. The VIS-channel covers the range from 365 to
500 nm.

The nadir pointing telescope of OMI has a very large field of view of 114° perpendicular to the
flight direction of the satellite. This gives OMI a swath width of 2600 Km, consisting of 60
individual pixels along the swath. The instrument achieves complete daily global coverage of the
sunlit earth. The state of the art CCD detectors render a very high spatial resolution of 13 km x
24 km at nadir. The small ground pixel size enables OMI to look ‘in between’ the clouds, giving
better reach into the troposphere for retrieving tropospheric composition information than any
other UV-VIS backscatter instrument flown to date.

3. Results and Discussion

This study analyzes the variation of the noon time ground based measurement and the satellite
estimated solar UV index for the year 2009. Alongside, the study also emphasizes on correlating
the ground based daily total ozone with the satellite estimated ozone before and during monsoon.
Figure 1 shows the daily variation between the noon time ground based and the satellite
estimated solar UV index. This figure clearly shows that for a given day the satellite data are
always estimated greater than the corresponding ground based data.
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Figure 1: Daily variation of ground based and satellite estimated UV Index
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In fact the satellite overestimated by around 71.9% in comparison to the ground UVI. The
overestimation of OMI with GB UV index could be mainly due to the variability between solar
noon times and overpass times. Looking at a given time and location the SZA is the dominant
factor that determines the spectral detail as well as absolute solar UV irradiance. As a
consequence the UV spectrum depends on location, on the time of the day and on the day within

ayear [12].
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Figure 2: Daily variation of ground based and satellite estimated ozone
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It is observed from the figure above that, the GB daily mean total ozone column is 18.0% higher
than the corresponding OMI value. The reason behind this ground based overestimation might
be due to clouds present in the OMI grid. The mean difference between daily total ozone column
amounts derived from NILU-UV measurements and from Earth Probe TOMS data was -1.4%
+3.2% [4].
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Figure 3: Scatter plot of GB and OMI estimation of solar UV Index before monsoon
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Figure 4: Scatter plot of ground based and satellite estimated UV Index during monsoon

The analysis above (Figure 3 and 4) shows that the satellite overestimates the ground based UVI
by about 103.6 % before monsoon whereas the GB UVI falls down to 70.8 % during monsoon.
The fluctuation in UV data before monsoon is mainly due to the combined effect of clouds and
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aerosols. During monsoon the aerosols and pollutants are washed out and cloud plays a
dominant role in attenuating solar UV radiation reaching the earth surface. The OMI
overestimation of ground-based UV measurement may be partly explained with the fact that
satellite instrument do not prove well the lower atmospheric layers of urban sites where aerosols
play an important role [9, 8]. The correlation coefficient (r) with total number of data points (n)
between ground based UVI and OMI UVI before monsoon and during monsoon period are
shown in figure 5 and 6.
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Figure 5: Scatter plots of GB and OMI UVI in March, April and May
(The solid black line represents the linear fit)
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Figure 6: Scatter plots of GB and OMI, UV Index in June, July and August
(The solid black line represents the linear fit)
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The analysis showed that correlation coefficient (r) between ground based and OMI UVI were
found to be 0.71 before monsoon while during monsoon it was 0.70. In monsoon more
fluctuation in UV data are mainly due to the presence of cloud in the atmosphere. Figure 7 and 8
represents the correlation between ground based total ozone and OMI estimated total ozone.
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Figure 7: Correlations between GB and OMI UVI in March, April and May
(The solid black line represents the linear fit and the dashed line is ideal regression of unit slope)
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Figure 8: Correlations between GB and OMI ozone in June, July and August
(The solid black line represents the linear fit and the dashed line is ideal regression of unit slope)

The study showed that the correlation between ground based ozone and OMI estimated ozone is
found to be 0.83 before and during monsoon. The correlation coefficient (r) in Rome station
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(41.9°N, 12.5°E) is 0.97 under all sky conditions [7]. Thus, there is good agreement in ground
based daily total ozone data and OMI daily total ozone data in Kathmandu for all sky conditions.

Conclusions

The satellite estimated and ground based measurements of solar UVI in Kathmandu, Nepal using
Ozone Monitoring Instrument and high quality ground-based measurements were analyzed and
reported. The comparison between GB noon time UVI and OMI noon time UVI showed that, on
an average OMI exceeds the ground based measurements by more than 103.6 % before monsoon
and 70.8 % during monsoon. On further analysis it was found that the overestimation of UVI
before monsoon was greater than that after monsoon. The main cause of this overestimation is
that the ground based instrument measures the UV irradiance at a single point while OMI
measures the UV irradiance over a large area. Apart from this the dusty events of Kathmandu
might also be the cause of overestimation. The analysis also showed that the correlation
coefficient(r) between ground based ozone and OMI based ozone before and during monsoon
were 0.83 for all sky condition.
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