Vol.13, No.1, Spring 2024, pp.243-264 ISSN (Print):2322-1682  ISSN (Online):2383-3076

3398833 Sl .
5’.},»7”’: el oy,

Journal of Geography

and Environmental Hazards <%
e gd B LI TSRS

Ferdows| University of Mashhad

RESEARCH ARTICLE DOI:10.22067/geoeh.2022.76097.1211 Open access

Multidecadal Investigation of Integrated Surface Ultra-Violet Radiation and its
Consistency with Total Column Ozone and Cloudiness

Haniyeh Baziyarpour?, Ali Akbar Sabziparvar®

aPhD Candidate in Agrometeorology, Bu-Ali Sina University, Hamedan, Iran
b Professor in Meteorology, Bu-Ali Sina University, Hamedan, Iran

Received: 7 April 2022 Revised: 4 July 2022 Accepted: 6 July 2022
Abstract

Solar radiation that reaches the Earth's surface has a significant impact on human health,
agricultural productivity, terrestrial, aquatic ecosystems, and air quality. The difficulties from
shortage of experimental field data motivate the researchers to rely on other database such as
satellites and reanalysis radiation data. In the present work, the integrated daily solar ultraviolet-
visible radiation (total integral of ultraviolet-visible radiation from 200 to 440 nm) was extracted
from the ERAS reanalysis database during the historical period of 1979-2020. Moreover, Total
Column Ozone (TCO), and the Percentage of Cloudiness (CF) were obtained from the same
database. The study area was divided into eight clusters by Analytic Hierarchy Process (AHP)
method and trend analysis was performed using Mann-Kendall test. Results indicated that mean
annual integrated UV-VIS 200-440 radiation of north and northwest of the country has
experienced a positive trend during the last four decades, but no significant trend was detected for
other parts of the country. The study of the TCO also showed that in all eight clusters, the TCO
trend during 1979 to 2000 has experienced a significant decreasing trend, but has increased from
2001 onward. The linear regression equations between UV-V1S200-440 with TCO and CF were
also constructed for all time scales (monthly, seasonal, annual) and the corresponding coefficients
of correlation were calculated accordingly. The maximum annual correlation (r) was found
between UV-VIS200-440 and the cloudiness (0.81). However, the highest r between UV-VIS200-
440 and the TCO was 0.25. This result highlights that the variation in cloudiness plays more
important role on determination of surface UV radiation than the changes in ozone concentration.
This study did not investigated the influence of aerosol optical depth on UV radiation. This issue
demands further investigation for evaluating the impact of aerosols on incoming surface UV
radiation reaching the ground.
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Winter Spring Summer Autumn
Sen's slope p- Sen's slope p- Sen's slope Sen's slope
Cluster\Test p-value Kj/m*.year value  Kj/m’year | value Kj/m’.year | p-value Kj/m’.year
<

Cluster 1 0.530 0.444 0.696 0.200 0.747 -0.045 0.0001 -0.906
Cluster 2 0.135 0.696 0.053 0.852 0.016 0.182 0.001 -0.865
Cluster 3 0.948 -0.073 0.222 0.975 0.474 0.164 0.095 -0.612
Cluster 4 0.329 -0.646 0.233 1.127 0.075 0.707 0.588 -0.202
Cluster 5 0.795 -0.138 0.022 1.402 0.046 1.007 0.802 0.093
Cluster 6 1.000 -0.002 0.076 1.994 0.008 1.871 0.020 0.546
Cluster 7 0.172 0.517 0.054 1.893 0.023 2.226 0.072 0.803
Cluster 8 0.729 -0.315 0.146 1.931 0.044 2.860 0.009 1.282
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- Winter Spring Summer Autumn

& . 2 g . 2§ . 2§ . 2§

s | =< = << 2 << 2 %<
Cluster 1 0.435 -0.1 0.258 -0.1 0.041 0.0 0.270 0.1
Cluster 2 0.046 -0.1 0.014 -0.1 1.000 0.0 0.307 0.0
Cluster 3 0.018 -0.2 0.032 -0.1 0.153 0.0 0.518 0.1
Cluster 4 0.003 -0.3 0.076 -0.1 0.791 0.0 0.897 0.0
Cluster 5 0.048 -0.2 0.022 -0.1 0.745 0.0 0.845 0.0
Cluster 6 0.027 -0.2 0.114 -0.1 0.260 -0.1 0.269 -0.1
Cluster 7 0.005 -0.2 0.042 -0.2 0.410 -0.1 0.179 -0.1
Cluster 8 0.056 -0.1 0.091 -0.1 0.242 -0.1 0.072 -0.1
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- Winter Spring Summer Autumn
Z g B g gz g iz g iz
2 s -z E S s -z ' S
S L 58| & L L =3 L EE
wn wn wn ~ wn
Cluster 1 0.752 0.097 0.280 0.169 <0.0001 0.314 <0.0001 0.244
Cluster 2 0.986 0.001 0.583 0.094 <0.0001 0.301 <0.0001 0.253
Cluster 3 0.965 -0.002 0.828 0.029 0.000 0.249 0.000 0.214
Cluster 4 0.850 0.031 0.713 -0.034 0.002 0.216 0.002 0.199
Cluster 5 0.816 0.052 0.423 -0.086 0.006 0.219 <0.0001 0.216
Cluster 6 0.853 0.019 0.696 -0.057 0.003 0.218 0.004 0.211
Cluster 7 0.828 0.029 0.862 -0.025 0.003 0.211 0.002 0.201
Cluster 8 0.931 0.013 0.948 -0.017 0.030 0.202 0.006 0.174
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and CF UV-VISzuo.44|]

and TCO UV-VIS200.44|]

Clusters
Winter Spring Summer Autumn Winter Spring Summer Autumn

Cluster 1 -0.78 -0.91 -0.69 -0.83 0.2 -0.37 0.24 -0.4
Cluster 2 -0.77 -0.91 -0.54 -0.86 0.03 -0.43 0.24 -0.43
Cluster 3 -0.56 -0.92 -0.7 -0.93 -0.13 -0.48 0.13 -0.49
Cluster 4 -0.49 -0.91 -0.77 -0.94 -0.12 -0.48 0.31 -0.44
Cluster 5 -0.66 -0.9 -0.82 -0.91 -0.23 -0.44 0.41 -0.33
Cluster 6 -0.7 -0.9 -0.88 -0.83 -0.31 -0.41 0.58 -0.19
Cluster 7 -0.69 -0.89 -0.89 -0.88 -0.34 -0.37 0.52 -0.11
Cluster 8 -0.69 -0.87 -0.89 -0.92 -0.28 -0.34 0.39 -0.05
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Clusters Winter Spring

Cluster1 | 1889-08L-UV-VISz00.440=0.278TCO-B79.4CE |y /i, ,,=-0.217TCO-854.13CF+3074.946
UV'V|8200_440:0.224TCO'

Cluster 2 627.436CF+1738.858 | UV-VI1S;00.440=-0.02TCO-909.195CF+2953.504
UV'VISZOO,440:O.147TCO'

Cluster 3 457.288CF+1602.044 | UV-VIS500.440=0.142TCO-1051.38CF+2910.157

UV-V|5200_440:O.182TCO- UV-VISZOO_440:0.412TCO-

Cluster 4 399.716CF+1440.785 1285.659CF+2849.056
UV-V|8200_440:'0.006TCO'

Cluster 5 407.444CF+1415.160 | UV-VISy0.440=0.117TCO-1178.85CF+2905.706

UV'V'SZUO_440:'O.151TCO' UV'V|8200_44020.212TCO'

Cluster 6 416.739CF+1420.317 1213.679CF+2742.818
UV'VISZOO.440:'O.56OTCO'

Cluster 7 545.662CF+1591.753 | UV-VIS;00.440=0.64TCO-1280.567CF+2610.607

UV-V|8200_440:-0.816TCO- UV-VISZOO_440:0.723TCO-

Cluster 8 711.382CF+1711.114 1628.137CF+2695.511

Summer Autumn

UV-V|5200_440:-0.779TCO'

Cluster 1 UV-VIS0.449=0.27TCO-424.669CF+2944.653 487.195CF+2407.587
UV'V|8200_440:0.471TCO'

Cluster 2 491.204CF+2892.395 | UV-VIS;y00.440=-0.45TCO-546.715CF+2188.832

UV'VISZOO,440:O.781TCO' UV'VISzgo.440:'0.086TCO'

Cluster 3 673.848CF+2862.215 635.524CF+2002.077
UV-V|5200_44021.417TCO-

Cluster 4 1006.816CF+2699.712 | UV-VI1S;00.440=-0.09TCO-586.346CF+1872.791
UV-VISZOO_440:l.603TCO'

Cluster 5 1108.187CF+2618.299 | UV-VISy00.440=0.244TCO-521.511CF+1668.137
UV'V|8200_440:2.845TCO'

Cluster 6 1230.386CF+2200.607 | UV-VI1S;00.440=0.295TCO-562.612CF+1598.888
UV'VISZOO,440:3.975TCO'

Cluster 7 1295.804CF+1811.524 | UV-VI1Sy0.440=0.182TCO-835.276CF+1686.477

UV-V|8200_44(]:5.11TCO- UV-V|5200_440:-0.34TCO-

Cluster 8 1684.114CF+1532.337 1078.882CF+1804.393
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UV-VIS200-440 CF TCO

p-value Sen's slope p-value Sen's slope p-value Sen’s slope

Cluster\Test Kj/m*.year Percent/year (DUlyear)
Cluster 1 0.282 -0.206 0.649 0.0 0.010 0.218
Cluster 2 1.000 0.000 0.288 0.0 0.017 0.202
Cluster 3 0.633 -0.065 0.186 0.0 0.190 0.142
Cluster 4 0.401 0.188 0.020 -0.1 0.315 0.111
Cluster 5 0.006 0.513 <0.0001 -0.1 0.362 0.106
Cluster 6 <0.0001 1.081 0.002 -0.1 0.333 0.108
Cluster 7 <0.0001 1.319 0.002 -0.1 0.214 0.104
Cluster 8 <0.0001 1.435 0.008 -0.1 0.159 0.097
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Cluster\Test Sen's slope Sen's slope
p-value DU/year p-value DU/year
Cluster 1 0.001 -0.283 0.001 0.532
Cluster 2 0.024 -0.268 0.000 0.595
Cluster 3 <0.0001 -0.357 0.001 0.586
Cluster 4 <0.0001 -0.367 0.002 0.601
Cluster 5 <0.0001 -0.391 0.001 0.625
Cluster 6 < 0.0001 -0.417 0.001 0.608
Cluster 7 < 0.0001 -0.423 0.003 0.620
Cluster 8 0.018 -0.446 0.000 0.578
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