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Abstract

Nationa BWeatier Service wind forecast and obsena-
tions over a nine-year period (1985-1993) were ana bzed
o detrmine tie usefu hess of these forecast for forestry
smoke m anagem ent. Data from Macon, Georgia indicatd
tatforecast were acaurat owitin plis or minus 225
deg about38% ofthe time .When awider plis or minus
67 5degwindow was used, acouragy inaeased o about
79%.When forecastw ind speeds were 15 m ph or m ore,
forecastw ind direction im prowed in accuragy by about
15%. Som e bias was presentin wind-direction forecast.
Errors of 225 © 675 deg o e Iftofthe forecastdirec
tion (one semiquadrant Bfwere m ore conmon t an sim -
i Brerrors to the righ € This bias is m ostpronounced for
forecast \erifying atnigh t w it leftward errors occurring
up 25 times m ore frequently tan righ tward errors.The
biaswas mucd Bss during 19 85-1986 tt an during Rtr
years.Some wind directions were forecastm ore acaurat-
b and witt Bss bias ttan oters. Limitd data at
Augusta, Georgia show ed forecastacauracy and bias were
genera ¥ simi br o t atatMacon . Forecastperform anc
for specficw ind directions varied considerab ¥ between
Macon and Augusta.

1. Introduction

An estimated 6-8 m i Mon acres of forest knd in the
southern Unitd Stats are treatd annua W by pre-
scribed fire. The Hrge number of fires required © main-
tain soutiern forestecosystms chalnges knd man-
agers dharged witt maintaining air qua ity and keeping
smoke from sensitive areas. One of the majr questions
facced by Bnd managersis, Where does the smoke go?’

As southern wood Bnds become more urbanized, deter-
mining the direction smoke mowes from individua Bpre-
scribed fires willbecome more criticallto phnning and
executing each burn. Wind-direction forecasts are the
basis ofsud p hns and execution. Their accuracy is clar-
¥ Inked to te sucess of prescribed burning programs.
The question of Where does the smoke go?’becomes a
question of ‘4 ow accurat are tie wind-direction fore-
casts provided by the NationalWeather Senice ?’

Pub Bc wind-direction forecasts used in mosthurning
operations are made avaihb B ear¥ in the moming ofthe
day ofthe forecastor during tie Bt afternoon ofthe pre-
\vious day. Wind directions are typica ¥ gien to one or
twoofeigh tardinallpoints, i.e., N, NE, E, etc This paper
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in\estigats the frequency ofsucess and mode of fai bires
of publc wind-direction forecasts by te National
Weather Senice (NWS) for Macon (MCN) and Augusta
(AGS), Georgia.” Armed with tis information, tie forest
hnd manager can beter exallat thie risk ofsmoke prob-
Ims from an individua Bfire exen when a forecastis
faully. Otier forecastusers for whom wind direction is a
criticale Imentshou Bl aBo find this inform ation va bi-
abl. Final¥, tie data can provide valiabl edback
te forecasting conmunity itse F

2.Methods
a.Description oftie sits, data, and ana bsis approad

Macon, Georgia is bcatd at32”’42”N and 8339 "W at
354 fete Ivation. The sit is aboutl.5mills westofthe
Ocmu Bee River and is surrounded by predominanth fht
trrain ttatis we BMwooded exceptforaffw farms. The
wind instrumentation is on re htinve ¥ high ground and is
we Mexposed. The site is fair¥ representative of much of
cntralGeorgia, being Bss subpctto coll air drainage
than the Byron Agricu luralExperimentStation a fw
mills ote soutiwest butomsiderab ¥ more sothan the
auth or3 residence 4 mills to the south on a bw ridge of
approxim at ¥ 420 fete Ivation.

Augusta, Georgia is bcated at33”’22”N and 81758°W
at136 fete Ivation. The sit is about2 mills westofthe
Savannah River,with h il about200 fethighertan the
sit aboutl mill o the westand swamp hnd bcatd
immediat ¥ ©© te north, east, and south. The sit is great
¥ subpct o coll air drainage and is representative of bca-
tions near tie fall Inc we Mwithin substantiallva Bys.

Nationa BWeather Service wind forecasts and wind
observations were ana bzed and com pared for Macon
(MCN). The data for the nine-year period (1985-199 3)
contained fw gaps. The data setused ear¥ moming fore-
casts (re Based atapproxim ate ¥ 0500 LST) com pared
againsthour ¥ wind obsernvations for the subsequentday-

[1] National Weather Service forecasts for Macon were issued
from the NWS Forecast Office at Atlanta with rare modifications by
the Macon NWS Office to period 1 forecast information only.
Forecasts verified at Augusta were issued by the NWS Forecast
Office in Columbia, South Carolina for the Savannah River Site.
These forecasts were not modified.
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Igh t(period 1;0800 1 19 00 LST) and dark ness (period 2;
2000 0 0700 LST the nextday) intnal.

A shortr data set, with numerous gaps in coverage,
was ana bzed for NW S forecasts made for the Savannah
River Sit, South Carollha during tie period 1989-199 3.
Augusta (AGS) about20 mills distantwas used as the
\erification sit for te forecasts. The data setused after-
noon forecasts (re Based by 1500 LST) com pared against
hour¥ wind obsenations for subsequentdarkness (peri-
od 1, 2000 t 0700 LST tie nextday) and day lgh t (peri-
od 2, the nextday at0800 t 1900 LST) intnalk.

b . Ana ¥sis d nique

Nationa IWeather Senic wind-direction forecasts are
genera ¥ gien for one ofeigh tdirections, i.e., NE (45
deg), E (90 deg), SE (135 deg), S (180 deg), SW (225 deg),
W (270 deg), NW (315 deg), or N (360 deg). Sometimes no
wind direction is forecast, as in “cahh ”or “Igh tand \ari-
ab 1”— these forecasts were discountd in the statistics.
Hourl¥ obserned wind directions are avaikb I in 10-
degree increments (wind observations of “cabh”were not
considered). IFan obsered wind b lw out of the correct
predicted direction, i.e., 0 the nearesteigh tpoint com -
pass direction to the obsened, the forecastwas hbe ld a
directhitfor ttathour. For exampll, if 190 deg was
obsened and a S wind was forecast, tie forecastw as
hbe Bd a directhit(the next chsestpossibl forecast
pointis 225 deg). A forecastwas hbe Bd anear miss
te Bftifthe direction of trave Bofwind-borne smoke was
approxim at ¥ one com pass pointto the Bftof thatindi-
cated by te forecast For exampll, given a NE forecast
and a 350-deg obsenation, tie forecastwind wou B take
smoke soutiwestward, whill the observed wind took
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Fig. 1. Percent of forecasts off one semiquadrant left (slashed to

upper left), scoring a direct hit (cross slashed), off one semiquad-

rant right (slashed to upper right), and missed (solid), by wind
direction at Macon, Georgia.
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smoke soutiward (to the nearest com pass point).
Because south is adjpentand o tie left of soutiwest
when fadng SW, tie forecastwas hbe Bd a near miss
te left for tathour A simikr tabu ktion was made for
forecasts thatwere near misses t the righ t Forecasts
tatwere adirecthit anear miss to tie Bft and a near
miss o the righ twere combined into a nearAlirecth itat
egory, alothers were Hhbe Bd a missed forecast
Occasiona Imu Kip 0 wind-direction forecasts may “brack-
et’an obsened wind direction, e.g., a forecast of SW, shife
ing to NW bradets an obsened 270 deg direction. Such

cases were scored 1/2 “a near miss o e Bft’and 12 “a
near miss o the righ €’

3. Analysis of Forecasts
a. Macon, Georgia — overa

Figure 1 shows the ana Wsis for MCN ear ¥ m oming
forecasts for “today” and “tonigh £’ ata Mwind speeds for
ead individua Bwind direction and for a Bw ind dire ctions.
From left o righ t tie bar graph groupings sh ow forecasts
with \erifyingwinds erring one semigquadrantto tie Bft
directhit forecasts, forecasts with \erifying winds erring
one semiquadrant o tie right and missed forecasts.

About 38% of aMobsened wind directions representd
directhits,whill 21% were missed forecasts (i.e., 79%
were nearMirecthits). A marked left to righ thias (more
forecasts missing by a semiquadrantto the Bft\s. one o
the righ Hexistd in e overalnear-miss \erification cat
egories. Rough ¥ 25% of forecast\erifications were offone
semiquadrant Bft; on ¥ 16% being off one semiquadrant
righ t Accuracy and bias varied considerab ¥ as a function
of forecastwind direction. Directhits at MCN were most
frequentfor NE, W, and NW forecasts, whill missed fore-
casts were mostfrequentfor SE, S, SW, and N forecasts.
Leftto righ thiaswas mostnotab I for E and N forecasts,
whill SW and W forecasts actua ¥ h ad a sm a Hrigh tto
Bft bias.

b .Macon, Georgia — year-to-year performanc

Intresting¥, Fig. 2 shows forecastleft to righ thias
near ¥ absentin the MCN data for 19 85-19 86 (21% left
\5. 20% righ t). The bias is consistentl strong (26% left \s.
15% righ ) during tie remaining years (1987-1993), sug-
gesting a drange in wind-direction forecasting procedure
t atintroduced bias at M CN.

c.Maoon, Georgia — day, nigh t and resu Bantw inds

Figure 3 compares overaBwind-direction \erification
data against ‘day-on §” forecasts, “high ton §”’, and 12-h
resu Bantwinds (i.e., \ector-a\veraged winds) used as \er-
ification. Modest diferences appear between day and
nigh t forecast accuracy — day scored 40% directhits
whill nigh tscored 35%. Missed forecastscores were 20%
day and 23% nigh t Leftto righ thiaswas mua more pro-
nounced for nigh tth an day — day scores were 22% Bft
\s. 19% righ t whill nigh tscores were 30% Bft\s. 12%
righ t The day forecasts were more accurat for MCN for
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Fig. 2. Percent of forecasts off one semiquadrant left (slashed to
upper left), scoring a direct hit (cross slashed), and off one semi-
quadrant right (slashed to upper right), by year at Macon, Georgia.
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. 4. Percent of forecasts scoring a direct hit (vertical lines), scor-
ing a near/direct hit (horizontal lines) for all forecast cases; and
scoring a direct hit (horizontal and vertical crossed lines), and scor-
ing a near/direct hit (diagonal crossed lines) for forecast wind
speeds greater than 10 mph at Macon, Georgia.
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Fig. 3. Percent of forecasts off one semiquadrant left (slashed to
upper left), scoring a direct hit (cross slashed), off one semiquad-
rant right (slashed to upper right), and missed (solid), by forecast
type (All, Day, Night, and 12-h Resultant Winds) at Macon,
Georgia.
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Fig. 5. Percent of forecasts off one semiquadrant left (slashed to
upper left), scoring a direct hit (cross slashed), off one semiquad-
rant right (slashed to upper right), and missed (solid), by forecast
wind speed (All, Greater Than 5 mph, Greater Than or Equal to 10
mph, Greater Than 10 mph, and Greater Than or Equal to 15 mph)
at Macon, Georgia.
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sexerallreasons. They were aMperiod 1 forecasts, \erify-
ingwithin about12 h. The nigh tforecasts were period 2
forecasts, \erifying in the 12-24 h forecast period.
Moreowver, surfac winds atnigh tare genera® more dif
ficu k to forecast because inwersions are frequentand
bcallscall phenomena tnd to dominat fibws.

Using 12-h resu Bantwinds as the \erification basis for
wind-direction forecasts considerab ¥ improwed forecast
accuracy butdid notsignificanth crange te left to righ t
forecasthias (Fig. 3). Both directhit and nearAlirecth it
forecasts im proved by about7%;howe\er, left o righ t
bias was 26% 1 16%, com pared  25% t 16% for all
hour¥ winds. The improvementin accuracy is expectd
for resu lantwinds because smalr scall flictuations
thatmay nothaw been considered in the forecasts wou B
tnd  be averaged out The Rha ofimprovementin bias
scores suggests thata systmatic error for forecasting
wind direction atMCN m ay exist, particu hr ¥ during
nigh th ours.

d .Macon, Georgia — by seasons and by forecastw ind
speed

Figure 4 shows the performanc ofwind direction fore-
casts for MCN by seasons. Seasons are defined as Mar-
May = spring, Jun-Aug =summer, Sep-Nov= fa B and
Dee-Feb =wintr. The bar graph s show directhits and
nearAfirect hits for al cases, and direct hits and
nearflirect hits for forecast wind speeds of greatr th an
10 mph. There is a seasona Bresponse (summer mini-
mum A intr maximum ) of about8% for directh its and
nearAlirecthits for aMcases as we Mas for directh it for
greatr than 10 mph forecast There is Bt response 1
nearAMirecthits for greatr than 10 mph forecast The
seasona Bresponse is due to pressure fie Bs being general
¥ beter defined in tie coollr partofthe year. H owe\er,
there is a greater response when forecastwind speed is
direct¥ considered. When the forecastwind speed is
greatr than 10 mph, there is rough ¥ a 10% im proe-
mentin forecast\erification statistics for each ofthe four
seasons, hott for directh its and nearAirecthits.

In Fig. 5, MCN com bined day and nigh t forecasts are
grouped by forecastwind speeds. In detrmining forecast
wind speeds, forecastgusts were ignored and where a
range ofspeeds was given (¢.g., 5-10 mph ), the a\erage
was used. Figure 5 shows th atowera B\erification statis-
tics improved marked ¥ (up o 15% for forecastwind
speeds of 15 mph or more) with increased forecastwind
speed, aswou B be expected. Forecastw ind-direction bias
did notsignificanth cnange with forecastwind speed.

e. Sanannah River Sit, South Carollna and Augusta,
Georgia

Despit sexerallprob Ims with the Savannah River
Sit data set(inchding data gaps and a remot \erifica-
tion sit), overaBforecast performanc was \ery simihr
to thatof MCN. As shou B be expected, te performanc
for individualwind directions wvaries considerab ¥
between AGS and MCN. Figure 6 shows thatabout 39 %
of overaMobsenations \erified as directhits whill 23%
were missed forecasts. These valies were within 2% of
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Fig. 6. Percent of forecasts off one semiquadrant left (slashed to
upper left), scoring a direct hit (cross slashed), off one semiquad-
rant right (slashed to upper right), and missed (solid), by wind
direction at Savannah River Site, South Carolina/Augusta,
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rant right (slashed to upper right), and missed (solid), by forecast
type (All, Day, Night, and 12-h Resultant Winds) at Savannah River
Site, South Carolina/Augusta, Georgia.
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th ose shown for MCN. Forecasts of W windswere most
acaurate (61% for directhits and on ¥ 15% missed fore-
casts). Forecasts of SW winds (36% directh its) and SE
winds (27% missed forecasts or 73% nearAlirecth its)were
te Bastaccurat. A 24% to 14% Bftkigh thias (witin 2%
of e MCN statistics) is e\vident(Fig. 6). Significanthias
was present for alyears anabzed. Interesting¥, bias was
Bastevident for SW (one of e Bastaccurat) and W (the
mostaccurat) wind directions.

Figure 7 summ arizes a lw ind directions for overa il
day on ¥, nigh ton ¥, and 12-h resu Bantwind statistics as
\erified at AGS. As migh the expected, AGS day-on ¥ sta-
tistics were s ligh th Uss accurat whill nigh ton § statis-
ticswere s ligh th more accurat for AGS th an th ose for
MCN (Fig. 3). Due t tie period 1 advantage, nigh t fore-
castperformanc for the AGS data setwas s ligh th beteer
than day performance. The 12-h resu Bantwind resu ks
for AGS are aBosimihr to th ose for MCN with directhit
and nearAirecthitscores within 3% of th ose shown in
Fig. 3. Excptfor nigh tforecasts, e Bft\s. righ thias
was a It greatr atAGS ttan atMCN. H owve\er, Iftto
righ tforecasthias at AGS was more pronounced atnigh t
than atday, which indicats t atforecastprob Ims asso
ciatd with nigh tare more serious than the advantage
gained by period 1 being atnigh tfor tte AGS data set

4. Summary

1) Wind-direction forecastaccuracy (overal day on ¥,
and nigh ton ¥) for directh it\erifications ranged from
35% ©40%,whill nearAlirecthits ranged from 77% to
80%.

2) Firstperiod forecasts (i.e., tose tat\erify within
aboutl12 h) showed a sligh t (5% or Bss) advantage in
accuracy owver second-period (12-24 h) forecasts.

3) Forecasts for day periods were margina ¥ m ore
accurat than those for nigh t

4) A pronounced left \s. righ thias occurred in wind-
direction forecasts, i.e., more obsened winds \erified as
“off 1 left” t an as “off 1 righ t” The oweraMbias at MCN
was 25% \s. 16%.

5) The Bft\s. righ thias was near ¥ absentin the first
two years ana ¥zed (1985-1986) at MCN. This bias was
consisentl presentin aMsubsequentyears, both at
MCN (1987-1993), and AGS (1989-199 3).

6) Left \s. righ thias was m ostpronouncd (approad -
ing a ratio of2.5:1) for forecasts th at\erified atnigh t
Forecasts \erifyingduring the day had re htixe ¥ bw bias
(Wss tan 1.25:1). Forecastwind speed seemed tohaw e
th efRct on left \s. righ thias.

7)Using a 12-h resu Bantwind for \erification purpos-
es improved the accuracy statistics of forecasts by 7% at
MCN. This finding imples that bng-range transport
direction of smoke is forecasts lgh th beter th an short-
range (1 h or Ess).

8) Using a 12-h resu lantwind for \erification did not
greath affct Ift\s. righ thias. This finding suggest th at
the cause of the wind-direction forecasthbias is reallin a
synoptic metorobgy sense — imp¥ing th atimprove-
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ment in forecast € di niques cou B reduce ore Iminat it

9) Forecasts made in wintr were about8% m ore accu-
rat than tose made for summer. The diference was ewen
greatr (about10%)when wind direction forecasts for
periods ofhigh forecastwind speeds were con pared o all
cases. Thatis, the improvementin accuracy seen in win-
trwas aloobsened duringhigh wind cases in summer.

10) A forecastofhigh wind speed improwed the accu-
racy (butnottie bias) of the wind-direction forecast The
improvementatMCN was 17% for directh itstatistics
and 14% for nearAirecth itstatistics, given a forecast
speed of 15 mph or more.

11) Both tie accuracy and the bias ofa forecastwas a
strong function of forecastwind direction. Specifics, sua
as mostor Bastaccurat (or biased) wind direction were
strong¥ dependenton the sit.

5. Implications

Forecasting wind direction accurat ¥ ower a time
frame, usefu o forestry prescribed burners, is difficu k
butcaucia o the sucess ofburning programs. Mua of
the proo Bm resuls from tie we Mknown \vagaries of
weather systms thatproduc wind fie Bs in various spa-
tialland tmporallscalls. This study has atemptd ©
quantify the prob Im in a manner understandab I and
usefu I o forecast users, particu hr¥ tose in forestry. The
resuls of this study i Bistrat thatusers shoull not
expect forecastwinds to be confined t a narrow direc
tionall bandwidtt and shoull albw for significant
vagaries in tie wind fie B.

The Bftto righ thias found in wind-direction forecasts
considered in tis study is troub Ing, especia ¥ because
the bias increased aftr 1985-1986. Future researd
shou B inwestigat the causes of this bhias. With this
inform ation, others may be ab I to reduc itand im prow
forecasts of wind direction.
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