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Effect of ozone variation on the ultraviolet radiation
at some places in China
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Abstract-— Results of numerical simulation of UV-radiation and UVB-radiation incident at the
ground for different seasons and geographical regions in China are presented, The change of UYB
incident at sea level due to ozone content depletion of 5% are evaluated too. All these
computations are cartied out after taking into accounts of Rayleigh scattering, acrosol scattering
and abserption, ozone absorption and so on. The monthly mezn daily sums of ultraviclet radiation
in UVB (285—2325 nm) and UV (285—400 nm) in different sea-level elevation by integrating with
zenith ungle and wavelength. It is ¢stimated that in summer, the monthly mean daily sums of UV
have little change with the latitude increase, while UVB decreases significantly; in winter, the month-
ly mean daily sums of both UV and UVR decrease obviously with the increase of latitude. Suppos-
ing the ozone amount depletion of 5%, the increase ratic of UVB radiation is greater in high lati-
tude than that in low-mid latitude, and lower in summer than that in winier. So the influence of
ozone depletion to biosphere may be greater in the north of China than that in south.
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i Introduction -

Ozone is an important trace gas in the atmosphere. Solar radiation absorbed
within the atmosphere drives the photo<chemical process and maintains the ozone lay-
er, and it is just the absorbed solar energy that determines thc structure of the
stratospheric temperature field, imposes on the circulation, and shields the biosphere
from harmful solar ultraviolet. The depletion of stratospheric ozone caused by human
activities may lead to increase of UV radiation incident at the ground, and the in-
crease of ozone content near the ground is very harmful to biosphere.

The ultraviolet radiation incident at the ground depends on a large of factors,
such as the extraterrestrial solar irradiance (Thekackara, 1974), the transmittance of
solar .irradiance through the atmosphere, and underlying surfaces. So the
changes of the sun-<arth distance and ground reflectivity have to be considered first;
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and we also have to take into accounts of the effects of Rayleigh scattering, scattering
and absorbing of aerosol, absorbing of ozone and other trace gases, cxtinction of
clouds ard so on.

In the past years, several computations have been made for spectral distribution
of the direct and scattered solar components for various atmospheric models and sur-
face conditions (Halpern, 1974; Cuthis, 1974; Green, 1974; Nack, 1974; Dave, 1976;
Shinhirne, 1978), most of these results are presented in the form of tables or figures
for a specific solar zenith angle. Although the clouds pose tremendous effects on the
ultraviolet radiation incident at the ground, most of the calculations (Harlpern, 1974,
Nack, 1974; Shinhorne, 1978; Frederic, 1988; Frederick, 1989; Frederick, 1990) just
consider uniform-homogeneous cloud layers, and assumed cloud types, cloud droplet
size distribution. However, as the variation of cloud thickness, cloud height, droplet
size distribution, cloud cover and so on exert influence a lot on the spectral
composition of radiation, so the cloud is a more complicated, variable and uncertain
parameter for calculating the transfer of UV and UVB passing through the atmos-
phere. In this paper, we just highlight the cffects of ozone depletion on the UVB radi-
ation incident at the ground, and calculate UV-radiation and UVB-radiation incident
at the ground and its variation with ozone depletion in clear sky in China.
Considering the computational speed and accurate, the delta-eddinton approximation
method are used to solve the transfer equation, and by Gauss quadrature formula over
solar angle, and simpthon quadrature formula over wavelength to give out the month-
ly mean daily sums of UV and UVB radiation in clear sky in summer (July) and win-
ter (Jan.) and the variation of UVB with ozone depletion of 5%. On basis of these,
when an action spectrum of ultraviolet radiation is given (Robert, 1983; Cole, 1986), it
is very easy to calculate biological effects and evaluate the so called “UV damage” due
to ozone depletion. As ground pressure is on behalf of the length of air in the col-
umn of atmosphere, and in some way it can represent the magnitude of Rayleigh scat-
tering of atmospheric molecules, so we select the ratio of ground pressure change as
an amplifier factor of optical depth of Rayleigh scattering.

2 Computational procedure of model

There are a number of methods that can be used to solve the equation of the
transfer of UV and UVB radiation through the atmosphere. In this paper, we use the
deita-eddington approximation method (Joseph, 1976), which is computationally rapid
and accurate.

The azimuthal averaged the equation of radiance in planec-parallel atmosphere is:
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The phase function can be approximated:

P(cos?) =2 P, ,,(cos@) =2f3(1—cost) +(1—f ) (1+3g cosh), (2)
here,
g= g-f

-1 (2a)
f=q. (2b)

The deduction refers Joseph (Joseph 1976), f is the fractional scattering into the
forward peak and g is the asymmetry factor of the truncated phase function.
By us¢ of eddington approximation:

op) =I(zp) +I(np (—1spsT). (3)

Where 7 is the optical depth, and p is the cosine of the zenith angle. Diffuse
irradiance can be computed from I, (z, g) and I, (7, u), that is;

+71
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Where >0 corresponds to F + and <0 corresponds to F { .
I and I can be computed from Equations (1), (2) and (3). Then within each
layer of nonconservative atmosphere there are:

LI(t)=A, exp( —kz) +B, exp( +kz) +oa, exp( —1./4,),

I=P(A exp( —kt) =B, exp( +kz)) +F exp( —/4,). &)

where,

f=3(]_mi)(l_wi gi)/(l_wiﬂ)z’
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As the radiance between layers must be continuous, so there are boundary condi-
tions as follows:

I(t) =L""(z),

E(x)=1{'{z),

F Y () =as[F (1) + gaFexp(— 7,/ o)) (7)

Now there are 2N unknown constants and 2N equations altogether, and they
forms a closed equations, so they can solved. Then the solar radiation incident at the
ground can be written as folows:

2
o= Fdf’r + thj = _LLORFOCXP(—IN/;LG)+?£[AN(1 - ? PN)CXP(_kﬁn)*' Bu‘(l

2 PJexD(kyt) + (= = FIXD(— T/ B = I C XD~ Tl )

+ C.exp{— kNTN) + Caexp(knrt.v) + C‘exp( - rN/buD)’ (3
where,
— 2
Cl_nFo: Cz=ﬂAN(17 ? PN)’
Ci=nB(1+ = P),  C.=nloy— = B).
3 N 3 Nl 4 N 3 N, (9)

The daily sums of UV and UVB is obtained by integration in zenith angle and
in the wavelength. Integration in zenith angle is completed by the method of Gauss
quadrature formula. Integration in the wavelength is completed by the method of
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Simpthon quadrature formula for UVA (325—400 nm), and as for UVB, owing to
large variation of absorption coefficient over the small spectral wavelength region, the
integration can be made by approximation method suggested by Hunt et al (Hunt,
1969} and by Yamamoto (Yamamoto, 1970).

3 Atmospheric model

The atmospheric model used for our numerical simulation is one-dimensional,
plane-parallel atmosphere with nonhomogeneity restriction in the verticai direction.
Ozone profile and other mixed gas profiles for the model atmosphere are given by
McClatchey (McClatchey, 1970).

Aerosol model, as developed by Shettle and Fenn (Shettle, 1976), there are diffe-
rent size distribution and vertical profile for boundary layer, upper troposphere,
stratosphere and mesosphere. For the boundary layer (below 2 km) 10 models have
been defined which describe the aerosols in rural, urban, and maritime environments
urban and rural environments with visibility 23 km are selected. For the upper
troposphere two aerosol models defined for spring-summer condition and fall-winter
conditions respectively are all chosen. In the stratosphcre (up to 30 km) there are mo-
dels for background, moderate, high, and extreme volcanic conditions for each seasonal
models, and in this paper, only the model for background condition are used. For the
upper atmosphere (above 30 km), as the aerosols is considered to be meteoric dust,
so a model for background condition is wused.

The size distribution for stratospheric aerosol models are represented by a modi-
fied Gamma distribution: '

_‘fg_ = n(r) = Ar.exp(—br,). (10)

The parameters are given in Table 1.

The size distribution for other models are represented by the sum of two
log-normal distribution:

dN(r) _ ¥ Ni _| (Qogr—logry’
dr ‘Z( In(10)ra, o 27 )exp [ 207 ] (11)

where N (r) is the cumulative number density. The parameters defining the size
distribution are given in Table 1.
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Table 1 Size distributions (normalized to 1 particle/cm®)

Log-normal
Type of aerosol N1 rl a N2 r2 2
Rural 0.9999975 0.005. 0.475 25e-6 0.5 0.475
Urban 0.9999975 0.0054 0.475 25-6 0.5 0.475
Tropospheric 1 0.005 0.475 - - -
Meteoric dust 1 0.03x 0.5 - - -
Modified gamma
A o B b
Background stratospheric 324 1 1 18
Fresh volcanic 341.33 1 0.5 8

1. NI+N2=1

The aerosol refraction index of 1.5—0.01 iis chosen for all models, this value of
refraction index corresponds to background aerosol for continental condition (Hanel,
.1978). The size range is from 0.1 to 10um.

The whole atmosphere is divided into 21 plane parallel layers, the optical depth
of the layer i is: |

=7+ + . (12)

Where 7 is the optical depth of scattering by molecules, and 7 is the optical
depth of ozone absorption, t! is the optical depth due to aerosols scattering and
absorption, which is calculated by Mie scattering theory. As pressure at the ground
changes from P? (pressure of the model atmosphere) to F (the observed pressure),
then

rym
= N P,

S (13}

Where ©™ is the optical depth of model atmosphere molecules scattering, which is
caiculated by Rayleigh scattering theory.

As the total amount of ozone changes from HY' (cm-atm) (the ozone amount of
the model atmosphere) to H” (cm-atm) {observed ozone amount), then

T:J3mHUS

] s
i H(:I}

03

(14)
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where 1" is the depth of ozone aBsorption of model atmosphere.

4 Results

In order to investigate -ultraviolet radiation distribution in China, several
typical districts are selected to calculate the monthly mean daily sums of UV
and UVB radiation. The pressure at ground surface is taken as an average of ten
years ground pressure observed at meteorological station; the ozone amount is
interpolated on basis of observed data of the year 1985; the albedo of ground surface
is carcfully selected by the types of the surface, vegetation and so on (Konderageve,
1972).

In summer, variation of monthly mean daily sums of UVB and UV as a function
of latitude and height are plotted in Fig. 1 and Fig. 2, respectively. From Fig.1 and
Fig.2, it can be seen that at the same sea level elevation, ultraviolet radiation changes
little with latitude, and in latitude of 36° N, there exists a maximum; UVB radiation
decreases significantly with the increase of latitude. From Table 2, it can be seen that
from south to north in China, the monthly mean daily sums of the UV radiation in Ju-
ly have little difference, which result in the decrease of zenith angle and the increase
of sunshine time as latitude increase. The monthly mean daily sums of the UVB radia-
tion exist a decreasing trend from south to north, which results in the increase of
ozone amount.

< 46.00 Akm 300.00 4km
E 3km 255.00
44.00

= 2k 5 250.00 N

= 42.00 - . 245,00 2%km

? 40.00t 1km 5 240.00 A

2 3.0 = 235.007 lkm

o " Sca-level . 00 £

£ 36.00 > 2% : * Seadevel

.% 100 = 225,00 /"o\g‘,

5 220.60

;32.00—‘— TR D N T S T S 215.00 IR SRS N WY VAN SN SO N
23.00 27.00 31.00 35.00 39.00 43.00 "23.00 27.00 31.00 35.00 39.00 43.00

Latitude, °N Latitude, °N
Fig.1 The variation of monthly mean daily sums of Fig. 2 The variation of monthly mean daily sums of

UVB-radiation with latitude and height in July UV-radiation with latitude and height in July
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Fig.3 and Fig.4 show variation of monthly mean daily sums of UVB and UV
with latitude and height in Jan. It can be seen that at the same sea level elevation,
UV radiation and UVB decreases with latitude significantly, Because of sea level

Table 2 The monthly mean daily sums of UV and UVB radiation in
different places in China in clear sky in summer and winter
(unit: J}(em® - d)

Station, Elevation, uy UVB uv UVB
lat., long m {Jan.) (Jan.) (July) {July)

Erlianhaote

(43.39°N, 110°E) 965.9 453 14 2301 4.8
Beijing

(39.48°N, 116°E) 323 553 4.9 222.2 335
Zhengrhon

(34.43°N, 113°E) 111.4 71.8 7.3 225.9 359
Shanghai

{3LI°N, 121’E) 8.6 83.6 9.5 2231 36.1
Guangzhou .

(23.08°N, 113°E) 7.6 113.8 16.1 219.3 36.8

elevation changes a lot in different districts in China, and because of the zenith
angle and the sunshine time decreasing as latitude increases, the monthly mean daily
sums of UV radiation in Guangzhou are almost twice than that in Beijing, and its
UVB is almost three and half than that in Beijing. The ratio of monthly mean daily
sums of UVB radiation in Jan. to that in July is 0.45 in Guangzhou, and 0.15 in
Beijing. The ratio of UV radiation in Jan. to that in July is 0.52 in Guangzhou, and
0.25 in Beijing. It shows that with latitude increasing, the annual variation of
UVB and UV radiation increases a lot. Fig.5 gives the ratio of UV at sea level in
Jan. to July, for comparison the ratic of UVB is also given in Fig.5. It is obvious
that the annual variation of UV is bigger than that of UVB,

Fig. 6 and Fig.7 give the increase ratio of the monthly mean daily sums of UVB
radiation in different latitude and height with ozone depletion of 5% in winter
and summer, respectively. It can be seen that if ozone amount is decreased by 5%
from the value of 1985, the increased ratio of UVB is bigger in high-latitude than
that in low-latitude, and the increased ratio of UVB is larger in winter than that in
sumrner. For example, in summer in Guangzhou districts, UVB increases by 3.1%
with ozone depletion of 5%, and in winter the value becomes to 3.6%. In
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Fig.3 The variation of monthly mean daily sums of
UVB-radiation with latitude and height in Jan.
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Fig.4 The' variation of manthiy mean daily sums of

UV-radiation with latitude and height in Jan.

summer of Beijing district, UVB increases by 3.3% with ozone depletion of 5%, while

in winter the value becomes to 5.4%.

%
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Fig.5 Vanation of the ratio of monthly mean daily sums of
UVB and UV radiation at sea-level in Jan. to that in

July with latitude
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Fig.6 The increase ratio of monthly mean daily
sums of UVB-radiation with ozone deple-
tion 5% in July

[f the action spectrum of UV-radiation E(4) is given, the biologically effective in-

fluence rate F,, is:

F,, =J E(A)F(A)dA.

(15)
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Where F(4) is the radiation flux incident at the ground. As the ozone depletion,

F,. can written as:

F,= J E(DF(A)A(A)dA. (16)

Where A(1) is the increased factor of
radiation flux due to ozone depletion. It is
obviously that a little change of F(A) may
have a large influence on the F,. Consi-
dering the radiation flux incident at the
ground and the increase of radiation A (A)
due to ozone depletion, the increased ratio
of biologically cffective influence rate F,
caused by ozone depletion is greater in high-
latitude. However, as UVB flux incident
at the ground in south of China is much
more strong than that in north, so, with the
depletion of atmospheric ozone, damage
of the inerecased UVB to biosphere in south
districts in China may be more dangerous.
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