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ABSTRACT

Based on data collected from January 1996 to May 2000, this paper
outlines a general climatology of the noontime maximum ultra-violet index
(UVI) in Taiwan. In summer, high UVI values of 14~15 can be observed at
a 2400m-high mountain site and at southern and eastern coastal sites. It is
noted that Taipei, a polluted city, has only a 19% chance of observing a
UVIover 9 in July, while Hualien, a clean coastal city, has an 83% chance.
In addition, total ozone has a minor spatial variation pattern and is not the
major factor affecting the change in surface UVB flux. Flux transmissivity,
which is estimated by dividing the observed UVI with a model-estimated
value for a clear sky condition, has a positive correlation coefficient of 0.73
~ 0.84 with the UVI, which supports the idea that clouds and local pollution
strongly affect the surface UVB flux. A UVI forecast system is developed
based on the findings stated above. Forecast of total ozone is simplified,
while subjective and objective cloud-effect adjustment processes are
emphasized. The root-mean-square difference between the forecast and
observed UVI is about 1.7 ~ 2.9, with a correlation coefficient of 0.6 ~ 0.76
and a bias of -0.54 ~ 0.5. The worst forecast is at Alishan, the mountain site,
because the local fast-changing weather is difficult to forecast.

(Key words: Ultra-violet B flux, UV-index, Climatology, Forecast)

1. INTRODUCTION

After the discovery of the Antarctic ozone hole, monitoring surface UVB flux and fore-
casting daily noontime maximum UV index (UVI) emerged as new tasks for government
agencies around the world. The World Ozone Data Center in Canada was renamed in June
1992 to become the World Ozone and Ultraviolet Radiation Data Center. In the meantime,
issues such as comparing UV spectrometer and radiometer measurement data (Leszczynski et
al. 1998), analyzing long-term UV trends (Kerr and McElroy 1993; Borkowski et al. 1998),
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modeling UV radiative transfer (Koepke et al. 1998), developing UVI forecast methodology
(Austin et al. 1994; Long et al. 1996, Jendritzky et al. 1997), have attracted the attention of
many scientists. To standardize the UV index, the World Meteorological Organization con-
vened a meeting of experts on UV indices in 1994 (WMO 1995). The standard for the UV
index was defined by WMO as the solar noon erythemally weighted dose divided by 25
mWm?,

In 1992, the Central Weather Bureau (CWB) set up two Brewer Spectrometers in Taiwan,
at Taipei and Chengkung (see Fig. I and Table 1), to monitor the column total ozone (Liu et al.
1995). The spectrometer measures spectral UVB irradiance, which can be weighted by the
CIE Erythema Action Spectrum (McKinlay and Diffey 1987) and integrated to provide a reli-
able UVB dose rate (McElroy et al. 1994; Bais 1997). In May 1997, a UVI forecast system
was put into service by the Environmental Quality Protection Foundation (a nonprofit
organization) and the Global Change Research Center of National Taiwan University (Liu and
Liu 1997). The Environmental Protection Adminiswation (EPA) of the Executive Yuan took
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Table 1. UVI monitoring sites and basic information.
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Al B c D’ E? P ¢ H r
Taipei | Taichung Chiayi Alishan | Kaohsiung | Hengchun | Hualien | Taitung | Chengkung
Latitude °N 25.03 24.15 23.5 23.51 22.57 22 23.98 22.75 23.1
Longitude °E 121.51 120.68 120.41 120.8 120.3 120,73 121.6 121.15 121.3
Altitude m 6 84 27 2413 2 22 16 9 34
Data period 1/1/96 ~ | 12/1/97~ | 4/1/98~ | 5/1/97~ | 4/1/98~ | 5/1/97~ | 4/1/98~ | 4/1/98~  .1/1/96 ~
5/31/00 | 5/31/00 | 5/3t/00 | 5/31/00 | 5/31/00 | 5/31/00 | 5/31/00 | 5/31/00 | 5/31/00
uvIt
Maximum UVI 114 12.5 12.2 14.4 14.8 13.1 14.3 13.4 13.8
Mean UVI 4.6 5.6 5.8 6.3 7.5 7.1 6.6 7.6 6.8
g(sd.) 2.5 23 25 3.t 3.1 2.6 3.3 33 3.2
Correlation coefficient with total ozone (QOS)
\_UVI &Qo, | 0.43 ] 0.35 ) 0.41 1 0.11 \ 0.46 \ 0.364L o.zsj 0.40 0.41 ]
Correlation coefficient with total ozone (903) / cos (zenith angle)
|UVI &00,/cosO I -0.53 _L -0.54 [ -0.57 ] -0.27 | 0.56 | 053 | -0.54 | -0.55 -0.53 ’
Daily erythemal dose ( DUV; KJ m?)
Maximum DUV 6.1 6.1 6.2 7.0 7.2 6.8 7.6 73 8.8
Mean DUV 2.1 2.6 2.7 29 3.5 33 29 35 3.8
a(s.d) 1.3 1.3 1.3 1.4 1.7 1.4 1.7 1.8 2.2
Transmissivity (Tr)
Minimum Tr 0.02 0.06 0.0t 0.02 0.03 0.01 0.03 0.02 0.02
Mean Tr 0.47 0.57 0.68 0.6 0.72 0.68 0.64 0.72 0.65
a(s.d.) 0.2} 0.18 0.19 027 0.21 0.19 026 0.24 0.24
Correlation coefficient of Tr with some parameters
Tr & UVI 0.84 0.73 0.73 0.79 0.81 0.73 0.83 0.81 0.83
Tr & visibility 0.52 0.32 0.54 0.69 0.54 0.54 0.61 0.68 0.53
Tr & cloud -0.66 -0.61 -0.70 -0.75 -0.50 -0.70 -0.61 -0.73 -0.72
amount
Tr & RH -0.61 -0.58 -0.64 -0.75 -0.45 -0.64 -0.42 -0.42 -0.35
Tr & Sunshine 0.75 0.70 0.79 0.83 0.71 0.79 0.77 0.83 0.79
duration hour
Noontime Cloud amount (Cld)

Mean Cld 0.81 0.62 0.61 0.76 0.51 0.61 0.68 0.66 0.70
a(sd.) 0.25 0.34 0.29 0.26 0.33 0.29 0.32 |.0.31 0.28

'Spectrometer data during Jan. 1996 ~ April 1997 ; Radiometer data after May 1997.
3Spectrometer data.

Radiometer data.

over daily operation of UVI forecasting in July 1998. Many new UVB monitoring sites have
been set up to assist in the improvement of the UVI forecast system (Liu et al. 1998). Each
station uses a Solar Light Co. Model 501 Biometer to provide directly an erythemally-weighted
UVB dose rate. By May 31, 2000, at least 25 months data had been archived at nine CWB
stations (Table 1). Itis worth noting that the Brewer Spectrometer is operated manually under
conditions of no-rain and gives an instant output, while the Solar Biometer provides the hourly-
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mean value continuously. Hence, the former tends to give a slightly higher value. At Taipeli,
output from two different monitoring systems has been available since May 1997. From May
1997 through May 2000, the root mean square of the difference between UVI measured by the
Solar instrument and that by the Brewer is 0.86, which is about 16% of the Brewer mean value
of 5.21, while the correlation coefficient between these two datasets is 0.98. UVI from the
Brewer is about 0.6 higher than the Solar value. This analysis agrees with the conclusion
reached by Leszczynski et al. (1998) that, with strict quality assurance/quality control
procedures, the accuracy of the temperature-controlled erythemally weighted radiometers is
not significantly worse than that of spectroradiometers.

In this paper, noontime maximum U VI data collected at nine different stations are analyzed.
Meanwhile, to study the attenuation effect of cloud and air pollutants, a flux transmissivity is
retrieved by dividing the observed UVI with a model-estimated value for a clear-sky condition.
In addition, the UVI forecast system is elaborated on in detail.

2. DATA ANALYSIS

UVI at nine stations have a range between 4.6 2.6 and 7.6::3.3 (Table 1, Fig. 1a). High
indices appear at Taitung and Hualien, both located on the clean eastern coast, while at Taipei,
a polluted city in northern Taiwan, the values are low. UVT larger than 9 occur at all stations,
mainly during February ~ October (Fig. 2a). Among these stations, maximum UVI of larger
than 14 have been observed at Kaohsiung, Alishan and Hualien. Alishan is a mountain site at
2400 m altitude, while Kaohsiung is on the southwest coast. As expected, summer has the
highest monthly-mean UVI and the winter months record low indexes. Fig. 1a illustrates the
spatial distribution of maximum and mean UVI in July 1998. Differences in local pollution
and weather conditions are crucial in determining the spatial variation in UVI.

The frequency of UVI of between 10 and 15 (Fig. 2a) peaks in July and August. Hualien
has the highest frequency with 83% in August, while in the same month Taipei has none. As to
the occurrence of UVI less than 2, Taipei has the highest chance of nearly 95% in December
and January, while in the same period Hualien has only 60%. In all, Taipei has the highest
chance (47%) of observing UVI less than 5, while Taitung and Kaohsiung have the highest
chance (30 ~ 35%) of observations over 9. Both spatial and temporal variations of UVI in
Taiwan are quite significant.

Calculation of the cross-correlation coefficient of UVI between different stations shows a
high correlation among stations other than Taipei and Alishan, suggesting that factors causing
the variation of UVI at most stations are very similar, e.g., the synoptic weather system. At
Taipei and Alishan, on the other hand, local pollution or terrain-forced circulation plays an
important role in affecting the surface UVB flux. Interestingly, the correlation coefficient
between surface UVI and total ozone is only about 0.25 ~ 0.46 (excluding Alishan), but it
becomes -0.53 ~ -0.57 when UVl is correlated to the total ozone value divided by the cosine of
zenith angle (cos 0) (Borkowski 2000). The weak positive correlation between UVI and total
ozone seems to suggest a weak correlation between these two values, but by dividing total

ozone by cos@, we have a value be embedded with the same solar seasonal cycle as UVI and
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Fig. 2. Monthly variation of the occurring frequency of (a) UVI 210 and (b) flux

transmissivity (Tr) 20.8.

hence a clarified negative correlation, which implies that the decrease of column ozone amount
does enhance the surface UVB flux. Still, the correlation coefficient is not large enough to
suggest that the variation of total ozone is the only factor affecting the change in UVI.

The total ozone data (not shown here) are monitored daily by Brewer spectrometers at
Taipei and Chengkung. From 1992 through 1999, total ozone ranged between 200 ~ 330 D.U.
with peak levels in April ~ May and minima in November ~ January. The root mean square
difference between these two stations” data is 12 D.U., which is about 4.5% of the long-term
mean of 266 D.U. On average, the column ozone over Taipei is about 6 D.U. higher than that
over Chengkung, while the correlation coefficient between these two data sets is 0.86. Since
Taipei and Chengkung are essentially along the same meridional line but 200k apart in latitude,
this suggests that column ozone plays a less important role than other factors, such as clouds,

on the spatial variation of UVI over Taiwan.
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Seckmeyer et al. (1995) compared the daily integrals of erythemal flues (DUV, kJ m™?) at
12 stations worldwide and noted that geographic differences were much larger than the mea-
surement uncertainties. This study shows that DUV is a useful parameter for comparing the
surface UVB flux reached at different locations on the globe. In Taiwan, mean DUV range
between 2.1 +£1.3 ~ 3.5% 1.8 with maxima of between 6.1 ~ 8.8 kJ m? (Table 1). July-maxi-
mum DUV of 7.3 ~ 7.6 kJ m* at Hualien and Taitung are higher than those observed at San
Diego (32.5°N) in July and close to that recorded at Darwin (12.5°S) in November. The high-
est July-mean DUV of 6.1 kJ m? is at Hualien, which is higher than the July-mean at San
Diego and the November-mean at Darwin. The data for San Diegoand Darwin are available in
Seckmeyer et al. (1995). The lowest July-maximum DUV of 5.7 kJ m? is at Taipei, with a
July-mean DUV of 3.9 kJ m? which is close to that measured at Melbourne (37.8°S) during
winter. It is noted that the latitudinal difference between Taipei and Taitung is about 2.28°, but
the equivalent latitudinal difference between the surface UVB flux received at theses two
stations is about 25.3°. Clearly, the spatial variation of UVB flux in Taiwan is quite significant.
This is further illustrated in Fig. 1b which shows the monthly-maximum and mean DUV in
July 1998.

As expected the noontime flux contributes the major portion of the daily integral of erythe-
mal flux. Analyses show that the noontime (10am - 2pm) integral of erythemal flux contrib-
utes about 50 ~ 75% of the daily integral, with a lower percentage in summer and a higher one
in winter and spring.

3. FLUX TRANSMISSIVITY

In this section, a reduction factor for erythemally-weighted UVB flux is calculated and
named as the flux transmissivity (Tr) of UVB flux passing through clouds and air pollutants
(SO, and aerosol). A radiative transfer model UVSPEC is used to calculate the surface UVB
spectral irradiance at each wavelength between 290 nm and 400 nm for clear-sky noontime
conditions. These spectral irradiances are then weighted by the CIE action spectrum (McKinley
and Diffey 1987) and are integrated to generate an erythemal irradiance (mW m™) or dose rate,
which is then divided by 25 to give a UV index (WMO 1995). The UVSPEC package devel-
oped by Kylling et al. (1995) comprises three different radiative transfer solvers (Kylling
1995). The general-purpose discrete ordinate algorithm, DISORT, is selected for our radiative
transfer calculation (Liu et al. 1998). The model intercomparison study done by Koepke et al.
(1998) indicates that results of this model’s calculation are not significantly different from
those obtained by other multiple-scattering spectral models. Since the development of the

. radiative transfer model has been quite successful and can provide accurate calculations, the
major source of inaccuracy should be from the input data. These include column ozone amount,
ozone profile, aerosol optical depth, single scattering albedo and ground albedo (Weihs and
Webb 1997a,b; Schwander et al. 1997). In the calculation, daily spatial-mean total ozone and
the long-term monthly-mean ozone profiles measured by Vaisala ozone sonde at Taipei (Liu
et al. 1995) are used. The ozone profile is adjusted with respect to the daily total ozone amount.
Meanwhile, the ground albedo is set at 0.02 for vegetation conditions, as suggested by Feister
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and Grewe (1997), and the background clean environment with visibility of 95km is applied.
Table 1 shows that Tr values are between 0.47 1£0.21 and 0.72 £0.24. The lowest value is
about 0.01 ~ 0.09. As expected, Taipei has the lowest transmissivity, with a 72% chance of
occurring in the 0.3 ~ 0.8 range, whereas Taitung has the highest transmissivity with a 51%
chance of being over 0.8. The contrast is quite significant. Clearly, a positive correlation exists
between Tr and UVI. Table I shows that the correlation coefficient is about 0.73 ~ 0.84. In
comparison with the low correlation of -0.55 between UVI and the total ozone divided by cos
0. the importance of local meteorological conditions on attenuating the UVB flux is clearly
evident (Liu et al. 1998). Meanwhile, Fig. 2 shows that UVIs over 9 occur mainly between
May and August, while Tr values over 0.8 appear in all months and are generally more fre-
quent between May and August. For instance, Taitung’s highest occurring frequency of 74%
is in July, Kaohsiung’s at 61% and Hualien’s at 58% are in August. Still, Alishan has its
highest chance of 60% in January, Hengchun in November (47%), Taipei in October (16%).
Further analysis of the variation of Tr with surface meteorological parameters shows that
Tr varies positively with visibility and sunshine duration hours, but negatively with cloud
amount and relative humidity (Table 1). This result indicates the importance of weather varia-
tion to the change in Tr. Among all surface meteorological parameters, noontime cloud amount
appears to be the dominant factor affecting surface UVB flux. Table 1 shows that Taipei and
Alishan have the highest mean cloud amount of 0.76 ~ 0.81 with the highest chance (>69%) of

observing cloud amount over 0.8 and the lowest chance (<8%) of observing cloud amount
less than 0.2. Whereas high UVI stations along east and south coasts have a much lower
chance of observing high cloud amount but higher chance of observing low cloud amount.
Among these high UVI stations, Kaohsiung, the second most populated city in Taiwan, has a
mean noontime cloud amount of 0.51 and a 34% chance of observing cloud amount less than
0.3. Hence, even though Kaohsiung is also a polluted city, mean Tr at Kaohsiung is much
larger than that at Taipei.

4. UVI FORECAST SYSTEM

The UVI forecast system in Taiwan has been in operation since May 1997. AT first, it
forecast next-day noontime maximum UVI at 16 locations. After May 1998, the system was
modified to forecast UVT at 200 grids for the Intemet release of an islandwide UVI plot (Fig.
3) and the public announcement of UVTF at 49 selected locations. The system which is summa-
rized in Fig. 4, consists of four major processes: data input, calculation of next-day clear-sky
noontime maximum UVI, objective and subjective cloud-effect adjuswnent, and output of fore-
cast results.

The task of next-day total ozone forecast is quite simple. We first get today’s spatial-mean
total ozone, i.e., the averaged Taipei and Chengkung total ozone. Then the ratio between today’s
value and the long-term mean is used to forecast the next day’s total ozone by multiplying the
ratio with the next day’s long-term mean. To check the error caused by using the daily spatial-
mean total ozone, the clear-sky ncontime UVI at Taipei during the period 1996 through 1997
has been calculated for three different conditions, i.e., using the observed total ozone, the
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spatial-mean total ozone, and the spatial-mean total ozone estimated by the method described
above. As shown in Table 2, the latter two outputs differ slightly from the former one by a root
mean square (rms) difference of 0.32 and 0.47, and a bias of 0.25 and 0.42, respectively.
Furthermore, if we separate the whole two years’ data into four different seasons, it appears
that the differences are higher in summer and lower in winter. By comparing the rms differ-
ence with the mean UV], the ratio is only about 5%. Thus, even if the daily total ozone level
can be forecast very accurately, the estimated clear-sky noontime maximum UVI will improve
only slightly. Such minor improvement is less important than the errors embedded in the daily
total ozone forecast and the cloud effect on attenuating the UV flux. In future, a total ozone
forecast system will be developed, as done by Long et al. (1996), Kerr et al. (1997), among
others, as a lower priority project.

To estimate the next-day cloud attenuating effect on UVI, an empirical equation was
developed to objectively adjust the cloud-effect, i.e.,

f — ;¢ _ _ _ _ 'max _
ui-i-l_ui+1 a0 aIAui a2Pi+l aBT i+l a4ATi+I ! (1)

where i+1 stands for next day; i stands for today; u’_. is the next-day UVI forecast value; u®.

i+l i+l

is the next-day calculated clear-sky maximum UVI; A ui is the deviation of today’s calculated
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clear-sky noon-time maximum UVI from the observed maximum UVI; P_, is the next-day
forecast precipitation probability; T™* | is the next-day forecast maximum temperature; AT, |
is the next-day forecast temperature range between the maximum and the minimum temperature.
The coefficients a ~a,canbe updated every six months. At most of the UVI observation sites,
Eq. (1) maintains a correlation coefficient of over 0.7. In this regard, we note that the next-day
maximum temperature, minimum temperature, precipitation probability and weather pattern
over thirteen inland areas and three major outlying island regions are forecast daily by the
Central Weather Bureau. However, there is no quantitative forecasting information about cloud
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Table 2. The calculated clear-sky noontime UVIs at Taipei during 1996-1997 for
three different conditions: (1) the daily observed total ozone at the same
location, (2) the spatial-mean total ozone, and (3) the spatial-mean to-
tal ozone estimated by the method outlined in the pape. The bias and
root-mean-square error of (2) and (3) from (1) are estimated and listed.

Winter Spring Summer Autarmn 1996~1997
Mean | bias rms | Mean | bias rms | Mean | bias tms | Mean | bias ms | Mean | bias rms
UVI Uvl Uv] UVI UVI
{i) 7.2 - 8.4 12.3 12.4 - 10.3 -

{(2) 7.2 018 | 023 8.4 14 ] 020 [ 126 | 024 | 03] 128 | 019 | 044 | 103 | 025 | 0.32
(3 7.2 030 | 032 8.5 038 | 046 | 126 | 046 | 051 128 | 049 | 0.54 103 | 042 | 047

amount and cloud type, which are extremely important for improving the forecast.

Two factors are important to implement Eq. (1). These are UVI observation and weather
forecasts at each forecast point. Unfortunately, there are only a limited number of UVI obser-
vation sites, while weather forecasts are not for a specific point but a general area. For these
reasons, it was decided to adjust the UVI forecast for local effect, first at existing observation
sites, and then interpolate or extrapolate flux transmissivity, Tr, to other forecast points. Here,
Tr is defined as the ratio of u,, to u®,,. Clearly, the quality of UVI forecasts will improve with
the increase in the number of UVI observation sites in the future. Between May 1997 and
April 1998, the first-generation forecast system used only four UVI observation sites. Only
Taipei and Chengkung have enough historical UV data to generate a_ ~ a, coefficients. Dur-
ing that period, 16 forecast points were selected. The coefficients used at the other 14 sites
were determined subjectively based on the coefficients at Taipei and Chengkung. After April
1998, the number of monitoring sites increased to 9 and by the mid-1999, the total was over
25. The a_ ~ a, coefficients at each site can now be determined based on each site’s own
observations.

From May through August 1997, i.e., the first four months of UVI forecasts, the disad-
vantage of the objective adjustment scheme was noticed. Often, a fairly reasonable prediction
is obtained when the synoptic weather conditions vary moderately. However, some unex-
pected weather conditions, such as a fast moving cold front, can easily make the observed UVI
stray considerably from the forecast level. To enhance forecast reliability, an experienced
meteorologist was invited to subjectively modify the forecast UVI after the objective adjust-
ment is applied. This turned out to be a valuable way of cutting down the incidence of incor-
rect forecast during extreme weather change, and of improving considerably the forecasts at
mountain sites. For example, from August 28, 1997 to April 26, 1998, the rms difference
between the forecast and observed UVI at four observation sites, with and without applying
the subjective adjustment approach are compared. These four sites are at Taipei, Chengkung,
Alishan and Hengchun. The rms in the former case is 1.78, 1.95, 2.88 and 1.96, respectively,
while it is 2.09, 1.85, 3.27, and 2.50, respectively, for the latter one. Except at Chengkung,
lowering of the rms difference after applying the subjective adjustment is obvious. This is
particularly important at Alishan, the mountain site, where the rms value is down from 3.27 to
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2.88. Since the weather forecast information over the mountain region is unreliable, the im-
provement at Alishan is'most valuable. The slight increase of rms difference at Chengkung is
not statistically significant. ,
Comparison of the forecast UVI with observed in five different ranges at the four sites are
shown in Table 3. If the forecast UVI does not match closely with the observed value, we hope
they match in a close range. Table 3a suggests that without applying the subjective adjustment,
the range match is good for the moderate and high range and worse in the low range. The

Table 3. Net number of forecast UVI at Taipei, Chengkung, Alishan, Hengchung
and Taichung, compared with those observed in five different ranges.
during May 1997 ~ April 1998, (a) without and (b) with applying the
subjective adjustment approach. Table 3c is the subtraction of Table

3a from Tabie 3b.
(a) : Forecast UVI
‘ (without subjective adjustment)
UVIO~2 | UVI3~4 | UVIS~6 | UVI7~9 [uvi10~15| Total
minimal low moderate high very high
= UVI 0~2 19 29 25 4 5 . 82
= UVI 3-4 10 32 62 25 4 133
7 uvl 5~6 11 56 139 49 10 265
g UVl 7-9 16 | 15 101 136 40 308
S |UVI10-15 3 1 6 35 47 92
© Total 59 133 333 249 106 880
(b) Forecast UVI
{with subjective adjustment)
UVI0~2 | UVI3~4 | UVI5~6 | UVI7-9 |UVi10~15| Total
minimal low moderate high very high
= UVvIi0~2 23 28 25 5 1 82
= UV 3-4 9 33 60 26 5 © 133
2 UVI 5~6 5 55 137 55 13 265
E UvI 7~9 7 15 96 147 43 308
2 |UVI10~15 1 1 7 30 53 92
© | Total 45 132 325 263 115 880
(c) Forecast UVI
(b} - (a)
UV10~2 | UVI3~4 | UVi5~6 | UvI7-9 [UVI10~15| Total
minimal low moderate high very high
~ UVI 0-2 4 -1 0 1 -4 0
= |uviz4 | -1 1 2 1 1 0
< |uvis6 [ -6 -1 2 6 3 0
2 UVl 7-9 9 0 -5 11 3 0
B |uviio~-1s5| -2 0 1 -5 6 0
© [ Totat | a4 | -1 | -8 14| 9 0
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trouble is in the extremes. There are five occurrences when the observed UVI was low, but
was forecast to be very high, and three occurrences when the observed UVI was very high, but
was forecast to be low. With the subjective adjustment approach, improvement in the forecast
results for extreme values is achieved (Table 3). The number of extremely bad forecast has
decreased, and the number of matched cases has increased. It is particularly noteworthy that
the number of UVI forecasts in the minimal range has decreased by 24 %, while that in the very
high range has increased by 9%. Only through a subjective adjustment approach can the fore-
cast UVI be moved from one end to another.

Figure 5 shows the rms difference, correlation coefficient and bias between the forecast
and observed UVI at nine UVI monitoring sites during two forecasting periods. The first pe-
riod is from May 1997 to April 1998, and the second from May 1998 to May 2000. In general,
the rms is about 1.7 ~ 2.9 and 1.9 ~ 2.7, respectively, for the first and second periods. An rms
higher than 2 appear at Alishan, the mountain site, and at sites along the eastern and southern
coasts. Further analyses show that rms is higher in spring and summer, but lower in autumn
and winter. Such a seasonal cycle is related to not only the change of radiation flux but also the
weather system. During winter, UVI is low and the change of weather system is easy to forecast.
While in spring and summer, UVI is high and the fast-moving front and afternoon thunder-
storm are difficult to predict.

In the meantime, the forecast UVI has a very good correlation with the observed one. The
correlation coefficient is about 0.6 ~ 0.76 and 0.58 ~ 0.73, respectively, during the first and
RMS 1ST/2ND CORRE

. COEFF, 15T7/2ND BIAS 18T/2ND

T T TTTTT T T
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Fig. 5. (a) The root mean square (rms) difference, (b} correlation coefficient and
(c) bias between the forecast and observed UVIs during two forecasting
periods. First period is May 1997~April 1998. Second period is May
1998~May 2000. A dash indicates no data.
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second forecasting periods. The bias of forecast UVI from the observed one is generally quite
low, at about -0.1 ~ 0.5 and -0.54 ~ 0.29, respectively, during the first and second forecasting
periods. In all, we tend to forecast higher UVI at Alishan and lower at Hualien and Taitung.
Hence the higher rms at these sites. This provides a good direction for future improvement.

To understand how closely the forecast UVI is to the observed value, we calculated the
frequency of days with the absolute difference, |d|, equal to 0, smaller than 1 and 2. Days with
|d| £ 2 accounts for 64 ~ 87% and 66 ~ 86%, respectively, during the first and second forecast-
ing periods. Furthermore, performance is much better during the winter months. For instance,
77~95% of days with |d| < 2 occur during November 1998 ~ February 1999, but only 56~86%
are during June ~ August 1998. As to days with |d| < 1, the frequency of occurrence is about
46~63% and 43~64%. Having |d| =0 is quite difficult. The chance is only about 16 ~ 26% and
13 ~ 27%, respectively. As expected, the worst record is at Alishan.

Table 4 shows the frequency of days where the forecast UVI in five different ranges
matched those observed. We have adopted the convention of setting UVI between 0 ~ 2 as
minimal, 3 ~ 4 as low, 5 ~6 as moderate, 7 ~9 as high and 10 ~ 15 as very high (Long et al.
1996). The majority of the observed UVI lie in the moderate and high ranges. In general, 39
~55% and 21 ~ 50% of the forecast UVI match with the observed ones, respectively, during
the first and second forecasting periods. The matching frequency increases with the UVI range.

Table 4. Matching frequency for forecast vs. observed UVI at all stations in five
different ranges during two forecasting periods.

(a) May 1997 Forecast UVI
~ April 1998 UVI 0~2 |UVI 3~4 |UVI 5~6 | UVI 7~9 [UVI 10~15
minimal low [moderate] high | veryhigh | sum
5 | UVIO~2 | 39% 35% | 20% 5% 1% | 100%
= | UVI3~4 | 10% 40% | 30% 18% 2% | 100%
3 | UVIS~6 | 3% 20% | 43% | 28% 6% | 100%
§ UvVi7~9 | 0% 8% 28% | 52% 12% | 100%
8 |UVI10~15 0% 0% 6% 39% 55% | 100%

Forecast UVI

(E)l\ﬁ?zl()%%s UVI 0~2 [UVI 3~4| UVI 5~6 [ UVI 7~9 [UVI 10~15
minimal low |moderate| high | veryhigh | sum
= [uvio2 | 21% | 51% | 20% | 7% 1% | 100%
S uviz-a| 7% | 41% | 39% | 12% 1% | 100%
< [ UVIS~6 | 2% | 25% | 45% | 25% 3% | 100%
5l Uvi7~9 ] 1% | 9% | 28% | 50% | 12% |100%
£ [Uviio~15{ 0% 4% | 10% | 43% | 42% |100%
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Also, note that the forecast UVI spreads in ranges considerably wider than the observed UVI
in the minimal or low range, compared with the mild spreading in the high and very high
range. Besides being related to a loose definition of the high and very high range, this phenom-
enon illustrates the difficulty of capturing cloud effect on UV flux when the weather system
changes swiftly. In contrast, when a high-pressure system prevails, the forecast system can
easily make a reasonable prediction of high UV index.

5. SUMMARY AND CONCLUSION

In general, high erythemally weighted surface UVB flux occurs frequently in summer
with the highest UVI occurring at a mountain site and clean coastal sites. Whereas, at the
polluted city of Taipei, high UVI occurs much less frequently than at other sites. Comparison
of the daily integrals of erythemal fluxes (DUV, kI m?) with the data shown in Seekmeryer et
al. (1995), we note that July-maximum DUV at eastern and southern coastal sites are close to
the July-maximum at Darwin (12.5°S). But the July-maximum DUV at Taipei is close to the
winter-maximum at Melbourne (37.8°S). In short, the latitudinal difference between Taipei
and Taitung is about 2.28°, but the equivalent latitudinal difference between the surface UVB
fluxes received at theses two stations is about 25.3°, which illustrates how significant the
spatial variation of UVB flux in-Taiwan is.

Further analysis suggests that column ozone has a minor spatial variation pattern and is
not a major factor affecting the change of surface UVB flux. A flux transmissivity obtained by
calculating the ratio of the measured flux for actual weather conditions over the calculated
irradiance for clear-sky conditions shows a positive correlation with visibility and sunshine
duration hour, and a negative correlation with cloud amount and relative humidity. Among
these surface meteorological parameters, change of cloud amount is the dominant factor and is
associated with the change of synoptic weather condition and local terrain-forced circulation.

Based on the above results, a UVI forecast system has been developed. Forecast of total
ozone is simplified, while subjective and objective cloud-effect adjustment processes are
emphasized. The forecast UVI vary closely with the observed value with an acceptable error at
nine UVI monitoring sites. Since UVI at a total of 49 locations is forecast daily, more UVI
monitoring stations will be set up in order to evaluate more thoroughly the forecast results and
to retrieve the cloud-effect adjustment coefficients for each forecast location.
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