
QC
995
.U61
no.73

OAA TECHNICAL MEMORANDUM NWS CR-73

^rcs of ^

THE BLIZZARD OF FEBRUARY 4-5, 1984 OVER THE EASTERN DAKOTAS

AND WESTERN MINNESOTA

Michael Wei land
Weather Service Forecast Office 
Sioux Falls, SD

October 1984

U.S. DEPARTMENT OF 
COMMERCE

National Oceanic and 

Atrooepheric A cfrrrlnlg (ration /
National Weather 

Service



F

*0*1 TZOOttUL XWOMNO*
Itllaiul Vattkir larrlM, Ctnlnl M»*lo« SokiariM

TN. Motional M««U»#r J.rrte. C»nir«l M»rto» (CM) xiba.rl.e provtd.o ul Informal m)1u< for U»o doetjnontoltoa *nd quick 41*..mlnatlo«
,f rvsiUli not. »rproprl*t», or not jot r.mlj, (or formal publication. Tho oorloo It u««d La roport on war* In progr-o.o, La doocrlba 
technical procedure* uid practleoo, or La rulata prarroao La a Halted audience. Tho*. Technical Kmorania will report on lnnetl/ae 
tlon, devoted prlrarllr La rerlonel and local problane of Lnteroet oalnljr to regional pereonnel, and hence «Lll not bo wtdelj dlatrlbutode

pepero 1 La 1] are In the for*er aarlee, IZZX Technical Kenoranda, Central Region Technical Iteeoranda (Cltn)j paper* It La Jt era 
In the for«er aerlee, fTC* Technical I*rnoranda( Veathar Beraaa Technical Memoranda (VBTM). S.gLmvUig <rt Ui 37, the papers ana no** port 
of the aerlee, KOJU Technical MamorarHa I2«C.

Pecere that have a TB or COM number are aeallable from the Mettonal Technical Information Sar-rlco, 0. S. OoparLiaont of Coma a re a,
J1S1 Tort loyal Toad, Jprlnrfleld, Te. 22151. Wi Order bp accaaatan number ehoen la
parentheita at and of each entry. *11 other paper* are available from the National Waalhar Sarrlea Central legion, Sclentlfla S.rrlc.o 
Otel.lon, Moon 1*3*. <01 K. 11th Jtre.t. tan,.. City, To. *10*. prices vary for aU paper COpy $2> 25 mlcroflch

E5SA Technical Knerindi
• < . / * *

CPTK X Precipitation Probability Porecaet Verification Stanmarj Roe. 1965-Mar. 1964. 550 Staff, WOCJW - Kay 1964 
CTTTt 2 1 .lulj of durwr Shower* Qv*r the Colorado Mountains. We. G. GuIIItui end J«mi 0. Severson • Juno 1964 
C*TN 3 Areal Shower Distribution - Mountain Versus Valley Covers**. to*. C. Sullivan and Jan re 0. Carers on - Juno 1944 
CT.T1 4 Heavy Relive In Colorado Juno 14 a/vJ 17, 1965. SCU Staff, TO™ - July 1964 
err?. 5 The fluie flro. Vie. C. Cull lean - Auruet 1944
am 4 Precipitation Probability forecast Verification Summary Roe. i.965—July 1964. 150 Staff, VBCPM - September 1964
errr. 7 E/frct or Olumai leather Variations on Coy be an Harvest Efficiency. Leonard P. Hind - October 1964 
ant S Climatic frequency of Precipitation at Central Per Ion Stations, 550 Staff, VBCRH - November 1964 
am. 7 Heavy Snow «r GLtxln*. Harry W. W*Liheuaer - Oeceaber 1944
arm 10 Oetrctlon of a Weak Trent by W5R-57 Radar. Harry W. Valdheuser - Oecember 1944 
arm 11 Public Probability forecasts. 550 Sta/f, wtJCW! - January 1967 .
CKTN 12 Heavy Snow forecastInf Ln the Central United SUtea (An Interim jUport). 550 Sta/f - January 1967 
am. 13 Diurnal Surface Ceostrophlc Wild Variation* Over the Croat Plain*. W>Vne E. Songster - March 1947 
am. U Torecastlnr Probability of Survnec-tbee Precipitation at Oenver. V*. C. Sullivan ori J«m« 0. Severeon - Mare* 194?
arm. 15 Improvinr Precipitation Probability forecaeta Ueln* the Central Reylon Verification Printout, lawrenee A. Hughes - Kay 194?
VBTX cm 14 Small^Scal* Circulations Associated With RaJlatlonal Coo Un*. Jack R. Cooley - June 1967
WOTTt CM 17 Probability Verification Results (4—Month and lR-J*onth). Lawrence A. Hurhee — June 1947
vrrrr cm IS On the Use and Rl*uee of the Orler Verification Score. Lawrence A. Hurhee - Auruei 1V67 (PB 175 771)
VOTM CM 17 Probability Verification Reauils (24 Months). Lawrence A. Tfuyhee - Tebruary 1964 
vtmi cm 20 Jtarlar Oeplctlon of the Topeka Tornado. Norman K. Prosser - April 1964’
UOTM CM 21 Wind V*av«a on the (treat Lakes, fnwrvnee A. Hurhee - May 1968
VDTj; CM 22 Seasonal Aap-ct.- of TroteM lily forecasiet 1. Summer. * Uvr»ne« A, Hurhee - June 1964 (P8 185 733)
VtTTN CM 23 Seasonal Aspects of Probability forecaeter 2. fell.' Lawrence A. Hushes - September 1968 (P0 185 734)
VOTT1 CM 24 The Importance of *resl Coversre In Treclpltat!on I'robaMllty forecaetln*. John T. Curran and Lawrence A. Hurhee - Sept 1944 
vom cm 23 Reteorolorica 1 Condition* ee to Air Pollution CMcero, Illinois, April 12-13, 196). Charles H. Swan - Oetober 1964
VDTN CM 24 Tee-one 1 Aepecte of Probability forecaatei ). Winter. Uwrence A. Ilue he* - aecembar 1968 (PU 1U5 735)
van: cm 27 Sea-one 1 Aepect* of Probability for-caetsi t. Spring. Lawrence A. Iturh«e - Tebruary 1969 (P0 IH5 7)6)
VBTX CM 28 HlnLmee Temperature forecaetlnr Lairing Possible f root Periods at Arrlcultural Weather Stations Ln Veatem Ml a hi«an.

Marshall A. Soderberr - Parch 1969
VMTN CM 27 An Aid for Tornado Wamlnre. Harry W. Valdheuser and Lawrence A. Huyhee - April 1969 
kmt cm 30 An Aid In forecastlnr Slrnlflcant Lake Snows. H. J. Rothrock - November 1969 
van cm 31 A forecast Aid for Boulder t’lnda. V^yne £. S.anrster - fvbruary 1970
van cm 32 An Objective Method for fatlmetln^ the Probability of Severe Thunderetorme. Clarence L. Oarld — Pebmary 1970 
van cm 33 Kentucky Airfoil T#nperature Cllmetolory. Clyde B. Lee - Tebruary 1770 4
van cm 3*. Effective U«e of Hon^Structural Methods In Vater Kanamment. Verne Alea^rder - March 1970
van cm 35 A Rote on the Caterorlcal Verification of frobablllty forrcaata. Lawrence A. Huyhee and V*yne E. 3 a raster - Aucust 1970 
van cm 34 A Comperlaon of Observed and Calculated Urban Mixing Oepthe. Oonald E. Wuerch - Auyuat 1970

IIOAA Technical Memoranda 1W

M5 CM 37 forecaetlnr MaxLimus and Mlntnws Surface Tnwperaturee at Topeka, Kaneae, Ualnij Guidance from the FZ Numerical fredletlon 
Mwtmi (FC* 15). Morrie 5. Webb - Poveeber 1970 (CO.M-71 -00118)

v-a
XVS CTl 3« Snow forecastlnr for Southeastern Maconelji. Rhelnh.art W. Marmo - November 1970 (COM-71-00019)

« 37 A Synoptic CILnatolory of 811xxarde on the North-Central l*lalns of the United States. Robert E. Black - feb 1971 (COM-71 ^30)69) 
1WS CM LO

a
forecastlnr the Spri/i* 1969 KIdvwet Snowre*,lt Tloode. Neman t. MondacheLn - Tebruary 1771 (COM-71 -00689)

FU3 CM The Temperature Cycle of Lake Mlehl/an 1. (Sprlrur and Sumer). Lawrence A. Hughes - April 1971 (CQM-71 -^0545)
VV5 CM 42 Duet Devil Meteorelory. Jack R. Cooley - May 1771 (CCM-71-C0628)
KW3 CM 43 Sumer Shower Probability in Colorado as Related to Altitude. Alois G. Topil - Kay 1971 (C0X-.71-00712) ‘
m CM 44 An Investigation of the Resultant Transport Wind Wltnln the Urban Gowpl

till
ejc.

 
 lonaJ-d E. Wuerch - June 1971 (COM-71-00766)

W3 CM 45 The Relationship of Some Cirrus formations to Severe Local Stones, W te E. WLLLlaoo - July 1971 (CCH-71-0C444 >
SN3 CM 44 The Temperatury Cycle of Lake Hlchl/an 2. (fell and WLnter). Lawrence A. Hurfxom - 5 1771 \,C0M-71-O10r
Nua CM 47 Practical Application of a Graphical Method ef Ceoetropftle Wind Determination. C. 1. Johnson - November 1971 (COM-71-01G£

(Continued on back inside cover)



4

F NOAA TECHNICAL MEMORANDUM NWS CR-73

THE BLIZZARD OF FEBRUARY 4-5, 1984 OVER THE EASTERN DAKOTAS

AND WESTERN MINNESOTA

Michael Weiland
Weather Service Forecast Office 

Sioux Falls, SD

F

October 1984

UNITED STATES 
DEPARTMENT OF COMMERCE 
Malcolm Baldrrge. Secretary / National Oceanic and 

Atmospheric Administration 
John V Byrne. Administrator 

 National Weatitei
 Service/

Richard E Hallgren.

Assistant Administrator

F



THE BLIZZARD OF FEBRUARY 4-5, 1984 OVER THE EASTERN DAKOTAS

AND WESTERN MINNESOTA

Michael Wei land
Weather Service Forecast Office 

Sioux Falls, SD

Winds of 40 knots with gusts to 70 knots roared through the northern plains on 
the afternoon of February 4, continuing into the morning of February 5, 1984. The 
strong winds and a light snowfall reduced visibilities to zero at times during the 
afternoon and night over the eastern Dakotas and western Minnesota. Where existing 
snow cover and new snowfall were the greatest.,conditions were worst. This area was 
roughly southwestern Minnesota, eastern North Dakota, and northeastern South Dakota.
Up to one and a half inches of new snow fell over parts of eastern North Dakota. 
Temperatures dropped sharply during the evening of February 4, falling to below 
zero over most of the northern plains by the morning of February 5. Wind chills 
of 50 to 80°F below occurred.

In these adverse weather conditions a score of people lost their lives. It 
was the strong wind and the speed of the system that made the storm so severe and 
deserving of a closer look at what happened on those two days.

An Arctic air mass with very cold temperatures extending to above 700 mb was 
poised over the Northv/est Territories of Canada for nearly a week before the blizzard. 
The jet stream was from the northwest late in the week over the northern United States 
and Canada.

On February 3 the flow in the upper atmosphere began to change. The ridge at 
300 mb over the Pacific coast was building (compare Fig. la with Fig. lb and note 
the height rises over British Columbia and Alberta in Fig. lb). The result was more 
northerly flow over the Northern plains and Canada in the upper atmosphere. A very 
strong short-wave trough with temperatures of -40°C or lower at 500 mb was entering 
the Northwest Territories. At the surface, the Arctic high over northern Canada 
began to move south on the evening of February 3 in response to the upper system.
The sea-level pressure in the Arctic high began to increase rapidly on the evening 
of February 3. Strong cold-air advection was apparent at 850 mb in the vicinity of 
Great Slave Lake (GSL in Fig. 2) at 1200 GMT Feb. 3 and 0000 GMT Feb. 4. Note the
8°C temperature drop at the station just south of Great Slave Lake.

During the morning of February 4 surface pressure rises of 4 to 8 mb in three 
hours were occurring in the Arctic high, now centered over northern Manitoba and 
Saskatchewan. The short-wave trough in the upper atmosphere was beginning to enter 
those provinces at that time.

Conditions at 300, 500, 700, and 850 mb, and at the surface for the 24-hour per
iod encompassing the bulk of the storm are shown in Figs. 3-5. At 300 mb a jet streak 
with winds of 150 knots or so entered the northern plains (Fig. 3). With the strong 
northerly winds aloft over the Arctic air it began to move southward. Note the 
strong cold-air advection present at 700 and 850 mb over behind the cold front (Fig.
4). The rapid southward movement of the cold air at the surface is shown in Fig. 5.
Surface winds over the northern plains increased from 15 to 25 knots early in the 
afternoon to 30 to 40 knots during the evening on February 4.
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Fig. 1. 300 mb Analyses at a) 1200 GMT Feb. 3, 1984 and
b) 0000 GMT Feb. 4, 1984.

Fig. la.
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Fig. 2b.

Fig. 2. 850 mb Analyses at 

Great Slave Lake is

a) 1200 GMT
b) 0000 GMT 
just south

Feb. 3, 1984 and 
Feb. 4, 1984. 
of "GSL" on map.

Fig. 2a.
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300 MB 500 MB

Fig. 3. 300 mb. and 500 mb. charts for 1200 GMT Feb. 4, 0000 GMT Feb. 5, and
1200 GMT Feb. 5, 1984.
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700 MB 850 MB

1200 GMT 4 Feb. 84 a. 1200 GMT 4 Feb. 84 b.

1200 GMT 5 Feb. 84 e. 1200 GMT 5 Feb. 84 f.

F1g. 4. 700 mb. and 850 mb. charts for 1200 GMT Feb. 4, 0000 GMT Feb, 5, and
1200 GMT Feb. 5, 1984.



SURFACE CHARTS

0600 GMT 5 Feb. 84 e. 1200 GMT 5 Feb. 84

Fig. 5. Surface charts with sea-level Isobars. 0600 GMT Feb. 4 to 1200 GMT 
Feb. 5, 1984.
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By 0000 GMT on February 6 the long wave trough had shifted to the east, upper 
winds diminished, and 500 mb heights had risen 7 to 18 dm over the northern plains. 
The center of the Arctic air mass was over the central plains with diminishing winds.

The synoptic situation described was similar in several ways to a "typical" 
blizzard over the northern plains. It also had several differences. According to 
a paper by Black (1971), the majority of blizzards are associated with an intense 
surface cyclone which originates in either Alberta or Colorado. With the surface 
cyclone is a deep, digging trough at 500 mb which moves east out of the Rockies onto 
the plains. In the blizzard under discussion there was only a weak surface low over 
the plains, the trough at 500 mb deepened over the plains and did not move east from 
the Rockies. High pressure plunging into the northern plains was the main surface 
feature.

The most dangerous aspect of this storm was the occurrence of very strong winds 
at and near the surface. What process was responsible for converting the potential 
energy to the kinetic energy evidenced by the strong winds? In looking at the upper 
air analyses during the storm it is apparent that strong subsidence of the cold air 
was occurring. At 500 mb temperatures warmed over North and South Dakota between 
1200 GMT Feb. 4, and 0000 GMT Feb. 5, apparently due to adiabatic subsidence. (BIS 
warmed from -34 to -21°C and at HON the warming was from -35 to -26°C.) Upper level 
convergence may have been a factor, since the northern plains was an exit region at 
300 mb (Fig. 3).

The subsidence can be observed on soundings (not shown) from the storm area at 
1200 GMT Feb. 4 and 0000 GMT Feb. 5. The sounding at BIS at 1200 GMT already indicated 
warming temperatures and winds of over 100 knots down to 400 mb. By 0000 GMT the sink- 
ing at BIS was nearly complete with warmer temperatures down to 800 mb and winds of 
70 knots down to 7000 ft above MSL. This process continued from north to south over 
the northern plains as the 300 mb jet and Arctic high moved south. The strong winds 
began at HON about 0000 GMT Feb. 5 and the sounding from HON at that time shows a sink- 
ing up to 600 mb. At that time wind speeds were 90 knots at 600 mb and 55 knots at
700 mb.

Cross sections were made from RAP to GRB for 1200 GMT Feb. 4 and 0000 GMT Feb. 5.
At 1200 GMT the jet core was to the east of RAP with maximum winds of 130 knots at
280 mb. The sinking of the atmosphere below that part of the cross section can be 
seen by the close spacing and sloping of the isentropes between RAP and HON. (Fig. 6).

By 0000 GMT the jet was over HON with winds in excess of 50 knots just above the 
surface at RAP, very near the surface at HON and at 8000 ft above MSL at STC. The 
300°K isentrope descended in the twelve hours between RAP and STC, indicative of the 
subsidence. At the same time the 100 knot wind area increased toward the surface.

In addition to the strong geostrophic winds present, there was a strong isallo-
baric wind due to the gradient of the pressure tendencies. The total wind including 
the contribution of the isallobaric wind is given by Haltiner and Martin (1957) as:

Thus there is an additional component to the wind which is directed from pressure 
rises to pressure falls.
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Fig. 6a. Cross section from RAP to GRB at 1200 Gf1T 4 Feb, 1984.
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Two isallobaric charts at 1800 GMT Feb. 4 and 0000 GMT Feb. 5 are shown in Fig. 7.
At 0000 GMT Feb. 5 the pressure tendency difference between FAR and AXN was 6.1 mb/3 hrs. 
Putting the observed values into the above equation we get for the isallobaric compon
ent a wind from the northwest of 58 knots.* Admittedly this is over a small area, but 
the magnitude is so large that it was no doubt an important contribution to the observed 
wind in this case. Forecasters should be on the alert for strong rise-fall couplets 
like this.

Another contributing factor to the large speeds was the vertical mixing of momen
tum which would allow stronger speeds aloft to be mixed down to the surface.

SUMMARY

The very strong winds and resulting ground blizzard of February 4 and 5, 1984 
over parts of the northern plains were not readily obvious from data during the day 
on February 4. Expected strong winds of 20 to 30 mph during that time were actually 
40 to 70 knots. The transfer of winds aloft to the surface and the isallobaric 
addition to the geostrophic winds created the observed winds at the surface. A closer 
look at the flow aloft and the changes that were taking place in the upper atmosphere 
along with a closer look at the isallobaric vector that was to occur would have made 
for a better forecast.
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*As a matter of interest the isallobaric component can be determined from an ordinary 
geostrophic wind scale at 40o latitude. At this latitude the Coriolis parameter is 
nearly exactly the reciprocal of the number of seconds in three hours, so factors in 
(1) cancel. At 50° latitude the resulting speed from the scale should be multiplied 
by .79 and 300 latitude by 1.27 to account for the variation of f with latitude.
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b) 0000 GMT 5 Feb. 1984, Isopleths are whole 
millibars and station values are tenths of a 
millibar.
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APPENDIX

SURFACE GEOSTROPHIC WIND SPEEDS

A new version of the surface geostrophic wind chart run at the National 
Meteorological Center, but developed in the Central Region Scientific Services 
Division, was run for this case and isotachs of geostrophic wind speeds for 
four times from 1800 GMT Feb. 4 to 1200 GMT Feb. 5, are shown in Fig. Ala - d.

It will be seen that a 43 knot maximum over Manitoba at 1800 GMT increased 
to 56 knots at 0000 GMT as it moved south-southeastward. At 0600 GMT a maximum 
of 64 knots was over western Minnesota. The last chart in the series shows a 
70 knot maximum over southern Iowa.

It would appear that winds were highly ageostrophic during the afternoon 
of Feb. 4 just behind the cold front, probably mainly due to the very intense 
isallobaric gradient with the front, as mentioned in the paper.

The geostrophic wind speeds shown here were 10 to 15 knots greater than 
those shown by the operational (at that time) surface geostrophic wind chart 
(9AM on AF0S).

0600 GMT 5 Feb. 1984 c. 1200 GMT 5 Feb. 1984 d.
Fig. Al. Isotachs of surface geostrophic winds from the new (see TPB 341) 

version of the program used at the National Meteorological Center.
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