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t_rg._ams It has long been recognized that atmospheric conditions play a critical role in _" g

c_m_s_.-_._ affecting the behavior and severity ofwildlaud fires as well as the probability of .. •
_._,_,_._c,_._ their occurrence. Fire managers rely heavily on current observations and

forecasts of local, regional, and synoptic atmospheric conditions to prepare for
fire suppression and prescribed fire activities. Understanding the relationships of

large-scale upper and middle atmospheric processes to regional-scale fire-weather systems is critical for establishing reliable forecasts of fire-weather and ,-, =for assessing how potential large-scale changes resulting from a globally _kO

gegi.t_aa! changed climate might influence fire occurrence and severity in the US. _ m

_qeatktu_ter_ One of the most comprehensive observational studies of atmospheric synoptic-!g
Research scale linkages with high fire danger was performed by Schroeder et al (1964_. _<
Prom'ams Through subjective analyses, they were able to identify specific surface and 500 _

mb circulation patterns conducive for high-fire load index values for 14 different _ _.
NC_¢E,q_S regions of the US. As an extension of this study, a statistically based

classification of middle atmospheri_eireulation patterns and lower atmospheric O.a
LibraryServices

temperature and moistm'e patterns prevalent at the onset of severe wildland fires _ _,for Online Publicationf

in different regions of the continental US has been performed. Although many _
factors in addition to atmospheric conditions prior to and during a wildland fire _-_.-,"

determine the probability of a severe fire occurrence, this study addresses only _

the synoptic-scale atmospheric circulation, temperature, ana moisture fields as
forcing mechanisms for fire occurrence.

A_._p_er_ Archived US wildland fire data for the period 1971-1991 were obtained for
!_sy_e_ fires that burned more than 1000 acres. Fire occurrence data were organized

!_:e<_n;_ according to the geographic locations of the fires. For those days when wildland
Home fires occurred in each defined region, the 1200 GMT 500 mb geopotentiat

height fields, the 0000 GMT 850 mb temperature fields, and the 0000 GMT
.4ImO$1)heri('

Disturbance lower atmospheric relative humidity fields were extracted from the National
tHtmatolo,72 Center for Environmental Prediction's (NCEP) Limited Fine Mesh ILFM)

Model initialization fields data base. Gridded geopotential height anomaly fields
G!_b_l.f_i!!.a.tlg_ were calculated by subtracting the appropriate 1971-1991 gridded monthly

R_sec_r¢'!_ averages of 500 mb _eonotential heights from me extracted LFM initialization
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fields. These anomaly fields provided the basis for determining the prevalent
_?0!.ica_i_s circulation patterns at the onset of severe fires in each of the six defined regions,

$_a_ff The 500 mb geopotential height anomaly fields were subjected to empirical-
_ orthogonal-function (EOF) analyses to determine the principal components of

the anomaly fields. Those EOFs accounting for the most variance in the
observed geopotential height anomaly fields were used as guidance in
establishing a set of synoptic 500 mb circulation pattern classifications that
characterize the atmosphere at the onset of most severe fires in each of the six
defined regions. Average gridded 850 mb temperature and lower atmospheric
relative humidity anomaly fields associated with each of the synoptic 500 mb
circulation patterns were also determined from the LFM data base.

Results from the EOF analyses indicate that there are typically two or three
specific middle atmospheric (500 mb) synoptic circulation patterns associated
with severe wildIand fire occurrence in each of the six regions. These circulation
patterns lead to specific lower atmospheric (850 mb) synoptic temperature
patterns and lower atmospheric (surface to 700 rob) synoptic relative humidity
patterns.

_Region1 (NWl R_ggion2 (NC_ eR_n 3 O/E.[

ei_RggJoxt_SW) Region 5S_S_.) Region 0_(S_
I I/ I II [

"['he 500 mb circulation patterns and the associated lower atmospheric
temperature and moisture patterns over the US can influence the Lower
Atmospheric Severity Index (LASI), also known as the Haines Index. This
atmospheric index represents the potential for severe wildfire occurrence based

httD://climate,us£s,msu.edu/climatotogy/firewx/ 8/30/99
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solely on lower atmospheric temperature and moisture conditions. Current and
forecasted LASI values can be obtained fi'omthe University of Wisconsin
Nc_Oyflt:os:tatg:Modeling S2,)'te_b

A variety of atmospheric-related information can be obtained from Yl!e._)_nisys
Weathe.r.Pr0cessor, including:

Current Pattern Forecasted Patterns
500.m.h CirculatD!! 5.QQ..m.h..Cir_u!afio.n

850..rob.Te.mp_erature 8..50..mh.T_p.e_a.t_ui'e
Surface Dew Point Lower Atmospheric Moisture

Publications can be obtained from your local library, the appropriate journal, or

the authors, if supplies remain.

Synoptic circulation and temperature patterns during severe wildland
fires. Heilman, W. 1995. In: Proceedings of the Ninth Conference on
Applied Climatology, Jan 15-20 1995, Dallas TX. American
Meteorological Society, Boston MA. p 346-351.

Synoptic weather types associated with critical fire weather.
Schroeder, M; Glovinsky, M; Hendrieks, V; Hood, F; Hull, M; Jacobson,
H; Kirkpatrick, R; Krueger, D; Mallory, L; Oertel, A; Reese, R; Sergius, L;
Syverson, C. 1964. Pacific Southwest Forest and Range Experiment
Station, Berkeley CA. 492 pp.
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Research Work Unit 4401

i_ Atmospheric
Disturbance Region 1 Fires

;_a_:ig_'.ai Climatology

Researcfl Synoptic Circulation, Temperature, and Moisture Patterns

f _swr._rA_

........_n_'" evere wildland fires (>1000 acres) in the Northwestern region of the US
typically occur during the months of July, August, and September. Analyses

:__ii'iiiii'ii:::iy I suggest there are three synoptic circulation patterns associated with the onset of
il_ severe wildland fires in this region. Each figure depicts the 500 mb height

contour pattern (in meters) along with the 500 mb streamlines which portray
wind directions. Higher wind speeds occur in regions where the 500 mb height

ge'_-_ contours are more closely packed together.

Researct]

p_o_m., Circulation Pattern 1

5';'2A!Eg'S Strong 500 mb ridge centered over the
Western US and Southwestern Canada, with

Library Services a 500 mb trough centered over the Eastern
fo,o,l_°_P_bH_,,_o,_ or Central regions of the US.

Ci_r_cu!a.ti_o.n_P.a.tte rn.2Zonal flow over the Northwestern region of

_m_os.p,n_r_c the US accompanying a northward shift of
Ecosys_cn_ the jet stream over much of the US.

Jr_er_;._t_,_n:_ Northeastern US and Southeastern Canada
Home dominated by prominent ridge or trough.

A:mospOe;_c _ '

.c..,_,.:o_, Cir¢ u!atio n_Pat_er_n.3.
ffl_D:d.f,l!ang¢ 5 00 mb ridge centered over the Northern

Research Great Plains and South-central Canada. with

http://climate.usfs.msu.edu/climatology/firew x/region 1,html 8/30/99
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...._:i_.: the extreme Northwestern and Northeastern

publica_ior_s US dominated by 500 mb troughs.
S_aff

III IHI IIIIIll II Illl

Associated with these 500 mb circulation patterns are typical lower

atmospheric temperature and moisture (relative humidity) patterns. The figures

below depict average 850 mb temperature anomalies (°C) and lower

atmospheric relative humidity anomalies (%) associated with each of the three

circulation patterns that were present dm'ing past severe wildland fire episodes
inRe ;ion 1 (1971-1991).

Cireulatior Temperature Anomalies Relative Humidi ,ty Anomalies
Pattern 1 _

Pattern 2 x

Pattern 3 x

North Central Research Station
Forestry, Sciences Laborato_
1407 S HarrisonRd, Suite220 Map
East LansingMI 48823

(517)355-7740 fax(517)355-5121
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Research Work Unit 4401

Atmospheric
Disturbance Region 2 Fires

_0._i_).,'_a] Climatology

R_e,_s___b Synoptic Circulation, Temperature, and Moisture Patterns
P_og_.trL_

c_,-r.-_._.r._ Severe wildland fires (> 1000 acres) in the North-central region of the US
typically occur during the months of Mareh and April, and then again during the

...................::i"?" months of June, July, and August. Analyses suggest there are three synoptic

circulation patterns associated with the onset of severe wildland fires in thisregion. Each figure depicts the 500 mb height contour pattern (in meters) along
with the 500 nab streamlines which portray wind directions. Higher wind speeds

!?,_g_._)_i. occur in regions where the 500 mb height contours are more closely packed
_¢_._k_r_¢_:_ together.

Research

Pro_I_ Circulation Pattern 1
,'Yf'.Sfg_'-_ Strong 500 mb ridge centered over the

Central Plains and extending northward into
LibraryServices Canada, with the Eastern and Westernfor Online Publications

regions of the US dominated by troughs.
Classic "Omega" blocking pattern.

C!rc.t!!.a.U...on.....Pa.ttcrn2
,'34J.-'.-._ri_" 500 mb ridge centered over the Eastern half
_:x.'._s_:_:_ of the US. with the Western States

.It_teracL¢)_._ dominated by a 500 mb trough.
_o._ Southwesterly flow over the Northern Great

Plains.
_her_c

_isturban_:e
Climccf_ _:_" "

Circulation Pattern 3
Resea.:_:!. Stron_ northwesterly flow at 500 mb over

http://climate.usfs.rr_su.edu/climatology/firewx/region2.html 8/30/99
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_ the No'hem Great Plains in response to aPu'_ljc_._iq'o.s _ strong ridge and trough over the Western

_and Eastern US, respectively.
k I Illl I

Associated with these 500 mb circulation patterns are typical low_r
atmospheric temperature and moisture (relative humidity) patterns. The figures
below depict average 850 mb temperature anomalies (°C) and lower
atmospheric relative humidity anomalies (%) associated with each of the three
circulation patterns that were present during past severe wildland fire episodes
in Re ;ion 2 (1971-1991).

Circulatiot temperature Anomalies Relative Humidity Anomalies
Pattern 1 _ x
Pattern 2 _x x

Pattern 3 _ x

North Central Research Station

Forestry Sciences Laboratory
1407 S Harrison Rd. Suite 220

East Lansing MI 48823

(5171355-7740 fax/517)355-5121

Page last modified 4102199

All contents are in the public domain,
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Research Work Unit 440I

Atmospheric

Disturbance Region 3 Firesi.L:. ?2_a._.,,m Clkmatology
-{c,_dq_arters

aeseo_ch Synoptic Circulation, Temperature, and Moisture Patterns
Pro_ams

_"_="_°_"" Severe wildland fires (> t000 acres) in the Northeastern region of the US

typically occur during the months of April and May, and then again during the

i_i_............................_:'"".i. months of October and November. Analyses suggest there are two synoptic
circulation pattems associated with the onset of severe wildland fires in this
region. Each figure depicts the 500 mb height contour pattem (in meters) along
with the 500 mb streamlines which portray wind directions. Higher wind speeds

l_¢g_moi occur in regions where the 500 mb height contours are more closely packed
fk.adc!.,_,r..... together.

Rese_rch

Circulation Pattern 1
_(;,_%q_ 5 00 mb ridge over the Western half of the

US accompanied by a prominent trough over
LibrarvServices the Eastern half of the US and Southeastern

tbrOnlinePublications Canada, resulting in the transport of cool dry
air into the Northeastern US.

Circulation Pattern 2
,u,m ..:merit Strong 500 mb ridge over the Eastern half of.... I

E_osymem the US or offthe Eastern US coast, with the
Inleracdon:_ Western and/or Central States dominated by

a 500 mh trough.

.'l H;IO3_D/!t?;TC

]_)[_fl:_'hafl('e ....
, IRIIIIIII Ir II I I I I

(_i[ola_olo',ff

Associated with these 500 mb circulation patterns are typical lower
(i#fi?(_[(,7!an_e atmospheric temperature and moisture {relative humidity) patterns. The figures

/ frhttp:,/climate.us fs.msu.edu/climatology/firewx/r%ion3.html 8/30/99
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Global below depict average 850 mb temperature anomalies (°C) and lower
Change atmospherie relative humidity anomalies (%) associated with each of the two

Research circulation patterns that were present during past severe wildland fire episodes
in Region 3 (1971-1991).

PuNications
Circulation temperature AnomalieslRelative Humidity, Anomalies

Staff Pattern 1 x_ x
Pattern 2 _X x

North Central Research Station

Forestry Sciences Laboratory.
1407S HarrisonRd,Suite220 Map
EastLansing/vii 48823

(517)355-7740 fax(517)355-5121

PageIn m_i_,_4/02r99

All content5are inthepublicdomain.
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Research Work Unit 4401

Atmospheric
Disturbance Region 4 Fires

Nati_aJ Climatology

Res.c01"ch Synoptic Circulation, Temperature, and Moisture Patterns
Pro_0_ms

U2d_dT¢ i g2¢

Co_'_,:ntCard Severe wildland fires (>1000 acres) in the Southwestem region of the US

typically occur during the months of June through September. Analyses suggest
there are three synoptic circulation patterns associated with the onset of severe
wildland fires in this region. Each figure depicts the 500 mb height contour
pattern (in meters) along with the 500 mb streamlines which portray wind
directions. Higher wind speeds occur in regions where the 500 mb height

!_e:gi.o_i contours are more closely packed together.

Research Ci.r.gu!at!QnPattern1
Programs Strong 500 mb ridge centered over the

Western US and Southwestern Canada, with
,"(C.:_!E_57 a 500 mb trough centered over the Eastern

LibraryServices or Central regions of the US. Upper
forOnllnePubliemions atmospheric support for the Santa Ana

winds.

Circulation Pattern 2
Strong 500 mb trough over the Western
States with a ridge over the Eastern US or

A,"_n_.>.'r_i_e"c Western Atlantic, resulting in cooler than
_sys_<_ normal conditions over much of the Western
ln.!¢_._i_ US but drier than normal conditions over the

extreme Western States.

A_Lm_ospher_c ._:._;g_ -.._,_

_e,,,,_e_,,,:_ _T&_g.__ Circulation Pattern 3

Clim_bP.logv 5 00 mb ridge centered over the Central and
Gl(_l)(tl(jut ge

8e._eorq Northern Great Plains• with troughs

http://climate.usfs.msu.edu/climatology/firewx/region4.html 8/30/99
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[;;_:_i_,,_,_j__i!_'_ ctomlnatmg me Lastem and Western Ub anti
Publications __ drier than normal conditions over the

:_[ii_;_..... Western and Eastern sections of the region.

,I IqH II I[ll I [I Ill I

Associated with these 500 mb circulation patterns are typical lower

atmospheric temperature and moisture (relative humidity) patterns. The figures
below depict average 850 mb temperature anomalies (°C) and lower
atmospheric relative humidity anomalies (%) associated with each of the three
circulation patterns that were present during past severe wildland fire episodes
in Region 4 (1971-1991).

Eireulation temperature Anomalies Relative Humidity Anomalie
Pattern 1 x
Pattern 2 x x
Pattern 3 x

NorthCentralResearchStation
ForestrySciencesLaboratory
1407S HarrisonRd, Suite220
EastLansinghi] 48823

(5171355-7740 fax(517)355-5121

Page l_t modified 4/02/99

All contentsare in thepublicdomain.
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Research Work Unit 4401

Atmospheric O*DisturbaneoR%lon 5 Fires?_ati._.p.,4t Climatology

Researcta Synoptic Circulation, Temperature, and Moisture Patterns

<_mm_t_::_+,_ Severe wildland fires (>1000 acres) in the South-central region of the US
typically occur during the months of March and April. Analyses suggest there

......................................are three synoptic circulation patterns associated with the onset of severe

wildland fires in this region. Each figure depicts the 500 mb height contourpattern (in meters) along with the 500 mb streamlines which portray wind
directions. Higher wind speeds occur in regions where the 500 mb height

t_egEoE_a_ contours are more closely packed together.Ij*:a.,;k!R_trt¢s

Re+e._h C.irc.u.!a.tion.pattcr.o...!
Programs 5 O0mb ridge over the Westem half of the

I,¢L.A_F..g_S US accompanied by a prominent trough over
the Eastern half of the US o1 off the Eastern

LibrarvServices US coast, resulting in dry conditions and
fo_ora_,o_,_o,+ northwesterly flow over the South-central

US.

500 mb trough over the Western States with
,¢,.'..nQs_{!¢_'ic a ridge over the Eastern US. resulting in a

l_gzosyst_
!_!g_?ac!i._!:_ warm. dry southwesterly flow over the

home South-central US.

;.wnosp_er_c= . " .!i!

[)istttrba* c¢

_>_o,o,,o_,: C!r_c_ul_atjo_n_P_att_e_rn 3
ci!f&#.._t._t.ge Relatively strong 500 mb zonal flow over

R¢_:@ most of the US. Portions of the re__ioncan

http://c imate.usfs.msu.edu/climatology/firewx/region 5.html 8/30/99
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__:_ experience Chinook winds fiom westerly

_'t_bli_a0{ms _flow over the Eastern slopes of the Rockies.

S_aff

Associated with these 500 mb circulation patterns are typical lower

atmospheric temperature and moisture (relative humidity) patterns. The figures
below depict average 850 mb temperature anomalies (°C) and lower

atmospheric relative humidity anomalies (%) associated with each of the three

circulation patterns that were present during past severe witdland fire episodes
in Region 5 (1971-1991).

Circulatio_ Temperature Anomalies Relative Humidity Anomalie,_
Pattern 1 x ...... x
Pattern 2 x x
Pattern 3 x

North Central Research Station
Forest_ Sciences Laboratory
1407 S Harrison Rd, Suim220 M_p
East tamsing MI 48823

(517)355-7740 fax(517)355-5121

Page last modified 4102199

All contents are in the public domain,
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Research Work Lnit 4401

Atmospheric
Disturbance Region 6 Fires_,_,ti Climatology

Re_earct_ Synoptic Circulation, Temperature, and Moisture Patterns

f" u,s t,_g j" 3¢_i¢:!

,_m_,,'.__ Severe wildland fires (> 1000 acres) in the Southeastern region of the US

typically occur during the months of March through June, and then again during

the month of November. Analyses suggest there are three synoptic circulation

patterns associated with the onset of severe wildland fires in this region. Each
figure depicts the 500 mb height contour pattern (in meters) along with the 500
mb streamlines which portray wind directions. Higher wind speeds occur in

[_,e°..o,.a. regions where the 500 mb height contours are more closely packed together.

pr_gams 5 O0 mb ridge over the Western half of the
_Y(.7._\_*_',_' US accompanied by a prominent trough over

the Eastern half of the US or off the Eastem
LibraryServices US coast. Cool dry air from Canada moves
for Online Publications

into the Eastern States.

_C__ir_cu!atign_P_a_tter_n25 00 mb ridge over the Eastern half of the

A,_.,,,_,_,_, US with the Westem and/or Central States
_sys_ dominated by a 500 mb trough. Warm and

lo_r_ _>_ dry conditions dominate much of the
_m¢ Southeastern and Northeastern US.

j_mo_pkerc'

_x,,,,,._,_:,. Circulation Pattern 3
C'limato.logk' Zonal flow over the Southern regions of the

ff'#_!_a_.Li!._nge US. accompanied by larger than normal 500
R_se_r¢/_ mb heights over the Southern US and

http://climate.usfs.msu.edu/climatology/firewx/region6.html 8/30/99
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_ :::_!_g,?,_: : , !.;, -......... _ ...............
_:,,:_:_: ,_:: Northern Mexico. and a 500 mb trough over

Public,_io0s Canada.theNorthwestern US and Southwestern
i

Associated with these 500 mb circulation patterns are typical lower

atmospheric temperature and moisture (relative humidity) patterns. The figures

below depict average 850 mb temperature anomalies (°C) and lower

atmospheric relative humidity anomalies (%) associated with each of the three
circulation patterns that were present during past severe wildland fire episodes
in Re_.ion 6 (1971-1991 ).

Circulation temperature Anomalies _elative Humidity Ant_malies
Pattern 1 x x

Pattern 2 x x

Pattern 3 x

NorthCentral ResearchStation
ForestrySciences Lahoratory
1407S Harrison Rd, Suite 220 Map
East Lansing MI 48823

_517"_355-7740 £ax(517}355-5121
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