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Towards Improving Visibility Forecasts: A Statistical Approach

Kuei-Pao Lu Lin, John Chun-Han
Weather Center Weather Wing, CAF ROC

ABSTRACT

Vis.ibility is a cruci.al'variable influencing airport operations and general aviation safety.
In this study, a stat.lstlcal regression analysis was used to investigate the relationship
between the CAF airport-based observations of visibility and the relevant atmospheric

physical variables.

The preljminary results reveal that four factors can affect visibility: relative humidity, PM
concentration, month of year, and presence of rainfall. The relationship between visibility
and these four factors more or less depend on station location, but in general, RH and PM
are the variables most related to visibility. With increases in PM and RH, visibility
decreases. Moreover, visibility is more sensitive to changes in PM2.5 concentrations than to

PM10.

1. Motivation

The objective of this research project is
to improve forecasts of visibility at airports
over the Taiwan area.

Visibility is a crucial variable
influencing airport operations and general
aviation safety; hence the need for
improving the Air Force’s capability in its
forecast. While visibility prediction has
been recognized as a difficult research task,
this work is motivated by the perspective
that the current approach to visibility
forecasts is ad-hoc and lacking in physical
grounding, leaving room for considerable
improvements.

2. Methodology

This study makes use of the large
observational database gathered by the Air
Force at over 10 airports from 2002 to
2007. Every hour, the Air Force measures
visibility as well as meteorological
variables such as temperature, dew point,
rainfall, windspeed, and wind direction.
Visibility observations were reported at
discrete levels, with a maximum value set
to 9999 m. This dataset is combined with
hourly measurements of particulate matter
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(PM) concentrations (in g/m3) carried out
by Taiwan's Environmental Protection
Agency (3E1%%&). Measurements of both
PM2.5 and PM10 were available, where
PM2.5 and PM10 refer to concentrations of
PM below diameters of 2.5 pm and 10 pm,
respectively. Since PM measurements were
not coincident with those from the Air
Force, we had to merge the two datasets by
simply choosing the PM measurement site
closest to each airport. Distances between
airport and PM measurement sites ranged
from 1 km to 36 km, resulting in inevitable
uncertainties due to spatial displacement in
visibility and PM.function).

Relationships between visibility and
variables were determined through a linear,
multiple regression method. The initial
statistical model is as follows:

Visib = M, + B;*[100-RH] + B>*[PM]+
B;*[Rain]
(Eq. 1)

where Visib indicates visibility, M; denotes
a “month” factor with i ranging from 1~12
indicating the 12 months of the year, RH is
relative humidity, PM is the particulate
matter concentration, and Rain is a factor
indicating presence of rainfall. (100 — RH)
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can be regarded as a measure of the
deviation from saturation—i.e., a measure
of the atmosphere's “dryness”. Windspeed
and wind direction were initially included
within the regression model, but due to the
fact that these variables were found not to
be statistically significant at the 5% level,
they were dropped from the model. We
also omitted data from the months of
May~September due to the significant
influence of typhoons that may be hard to
incorporate within a statistical model.

Values of M; , By, Bs, and By were
established through a least-squares method
that minimizes the squared differences
between the observed and calculated
visibilities. We carried out the multiple
regression calculation using the function
“Im” within “R”, an open source, data
analysis software (downloadable from
http://www.r-project.org).

3. Results

Results from the multiple regression
are shown in Table 1. A rough assessment
of the statistical model's performance can
be arrived by using the R® and residual
standard error. Regressions using PM2.5
rather than PM10 exhibit higher R* and
lower residual standard error, implying that
PM2.5 is more closely related to visibility.
Hence all of the regression coefficients and
subsequent  discussions  derive  from
adopting PM2.5 as the PM ncentration.

R® range from 043 to 0.62,
suggesting that 43% to 62% of the
observed variance in visibility can be
accounted for by the regression model. The
residual standard error is on the order of
~1000 m to ~2000 m, indicating that the
visibility predicted by the regression
deviates from measurements by this
amount. We expect part of this deviation to
be due to the significant uncertainties in
visibility observations.

AR BIRE N

34

% 195 #4

ANt R2 R Residerr Residenr monthd monthi? mon®0) moathd montill moathlt meami2 RHunst  PMRS  ndTRUE

(PHLY) PALS) (PuE) (Pa2S) %) [nimoogm
RCPO 055 0 TR ED TR TN TS TR 6R9 B M e) &3 1205
JRCGM 054 05 191 M6 TR e I B6 BER B BAR WS S -1656
FO 04 08 2 N 566 68 EM0 TEM M¥ O TEs 14 %) 125
RO 07 05 180 M8 TS MM T KB e B BB mg A4 -1
RN Q4 05T 187 1R NS T WME TR BN TEE TR 1211 RS 1250
JRCAY 04 Q56 132 158 TS TM0 B8 TH) T O TEY TR M4 41X 115
Fosa o2 093 173 10 M @GR @B 28 & 5 W9 .13 134
PCOC 0R 09 U 1SR S5 BMS BT BB &M 6 RICE B :E 133
RCOC 04 04 T 1m0 BT T TRM TR TR T T 163 &0 -TET2
FCYU 041 0@ MO 122 WS 50 Wi [ W13 P w0 an 4233 -1999
JRCCS 041 047 ME1 1218 WIS S WH 913§ W40 o508 45N A1 1985

0% 00 1M W0 BN 62 2 N3 5B B E O RBe M5 -m
Table 1: Multiple regression results for

different airports, based on the statistical model in
Eq. 1. Values of M; for June, July, and August are
omitted due to the significant influence of typhoons.
For comparison the R* and residual standard error
for PM10 are also shown.

The values of regression coefficients
shown in Table 1 provide the “leverage”
different physical variables have on
visibility. For instance, the presence of
rainfall can decrease visibility by as much
as 2000 m. Given a maximum visibility
0f 9999 m, this translates into a large, 20%
decrease in visibility, on average, when
rainfall occurs.

The coefficient B, in front of PM is
negative: in other words, visibility declines
with increasing PM concentrations. This is
because aerosols comprising particulate
matter scatter + absorb radiation as well as
serving as cloud condensation nuclei
necessary for fog formation.

The coefficients to (100 — RH) are
positive, suggesting that as the atmosphere
becomes drier, visibility increases. This
is likely because fog formation requires
saturation conditions for water vapor to
condense to the liquid phase.
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Fig. 1. Spatial patterns of regression

coefficients B, B,, and B3 (from top to bottom).
The values at the airports are interpolated
to construct a continuous map.
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Spatial maps of the regression
coefficients are shown in Fig. 1. Distinct
spatial patterns can be seen in Bj, B», and
B; . The impacts of RH is clearly more
pronounced at airports along the west coast
of Taiwan. The response to PM exhibits a
more complicated pattern, showing lower
sentivities in southern Taiwan and at
Hualien, reflecting the fact that other
physical mechanisms play more important
roles in controlling visibility. The impact
of rain exhibits a north-south rather than a
east-west gradient, with the rainfall-
induced decrease in visibility being larger
in northern Taiwan.

4. Summary/Conclusions

In summary, a statistical, regression
analysis of airport-based observations of
visibility and relevant atmospheric physical
variables reveals the following:

e Wind direction and wind speed
were found to be poor predictors of
visibility.

e Visibility is related to RH, PM
concentration, month of year, and
presence of rainfall.

e The relationships between the
aforementioned variables depend
on station location, but in general,
RH and PM are the variables most
related to visibility.

e With increases in PM and RH,
visibility decreases.

e Visibility 1is more sensitive' to
changes in PM2.5 concentrations
than to PM10. '

e Sensitivity to RH is higher 1n
western Taiwan.

e Sensitivity to PM2.5 exhibits a
complicated spatial pattern. '

e The impact of rainfall in decreasing
visibility is larger in northern
Taiwan.

5. Future Directions

One future development in the
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proposed work is to assess the statistical
model by applying it in an actual
operational, forecasting setting. This would
allow one to examine the regression
model's performance in the actual
application it was envisioned for. Larger
uncertainties are expected, since errors are
expected in the predictor variables. For
instance, RH and rainfall need to come
from NWP model output, rather than actual
measured values as is currently the case.
The statistical, regression-based approach
can also be compared against previous
attempts based more on a conceptual
approach.

Secondly, another key future direction
of this work is to incorporate information
provided by atmospheric models. Recent
developments in Lagrangian modeling
enable the transport of air parcels to be
simulated backward in time while
incorporating turbulent dispersion.
Therefore, by choosing target airports as
starting locations and simulating
trajectories of air parcels backward in time,
air parcel locations at different times prior
to the starting time can be known. The
Stochastic ~ Time-Inverted  Lagrangian
Transport (STILT) model carries out such
simulations. STILT is an “off-line” tool,
which means that it does not solve the
equations of motion to derive windfields
but ingest windfields produced from
another (Eulerian) atmospheric model.
High-resolution windfields will be used to
drive STILT, suitable products will be
derived from mesoscale atmospheric
models such as MM5 or WRF.

The STILT atmospheric model yields
air parcel trajectories arriving at each
airport. This information elucidates the
different flow regimes affecting airport
weather. Because it is highly probable that
specific flow regimes are associated with
low visibility events, by identifying the
association between flow regimes (as
elucidated by STILT) this opens that
possibility of improved visibility forecasts
based on identifying these regimes by
running STILT in a forecast mode.
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