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Silver Spring, MD 20910
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equal to 0.1 kPa
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National Weather Service

National Oceanic and Atmospheric
Administration

8060 13th Street

Silver Spring, MD 20910
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which a particle is injected into the
atmosphere; a hypothetical "eruption
time"
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A Plotting Program for Producing Ashfall Prediction Maps
from Qutput of the NOAA Forecast Trajectory Program: -
Application to and Examples from the
1980 Mount St. Helens Eruptions

by William K. Smith
INTRODUCTION

The recent eruptions of Mount St. Helens, Wash., have demonstrated the
need for some system of predicting downwind areas likely to be affected by
ashfall, for use by various agencies involved with emergency planning. This
paper presents a program for plotting data obtained from the NOAA wind '
trajectory program. The overall system operates as follows:

1. Wind data and other weather observations are telemetered to the NOAA
computer in Suitland, Md., twice daily.

2. A series of programs is executed autcmatically on the NOAA computer to
produce a variety of weather forecast information. One of these
programs denerates data which is used as input to the forecast
trajectory program.

3. The NOAA computer is accessed from a time-share terminal and the forecast
trajectory program is executed. The program produces a table of
latitudes and longitudes of expected particle positions. This table is
recorded in the tarminal memory or on an external device such as tape or
disk. -

4. The table of latitudes and longitudes is transferred to the USGS camputer,
again through the time-share terminal. The plotting program described
in this report is executed from a graphics time-share teminal and a
series of maps of the Northwestern States showing the forecast
trajectories is generated on the temminal screen. Hard copies of the
maps are made for use by interested persons.
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THE NOAA FORECAST TRAJECTORY PROGRAM

ARL of NOAA has a forecast trajectory program initially developed for
predicting the path of radioactive debris from a nuclear explosion. The
program computes the path of a hypothetical particle injected into the
atmosphere at a particular place, time, and elevation, based on the latest
observed winds and the NWS computer forecasts extending 3-1/2 days beyond the
latest weather observations. The wind data forecast is updated every 12
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hours, at noon (12Z) and midnight (00Z) Greenwich time. The program output is
in a standardized format which gives the latitude and longitude of the
hypothetical particle at travel times of 3, 6, 12, 18, and 24 hours for
different atmospheric-pressure levels. The levels used are 850, 700, 500,
400, 300, 200, and 100 mbar. These levels correspond approximately to the
elevations shown in table 1. The program does not take into account settling
of particles or dispersion about the trajectories.

Description of Data Files

The output files from the NOAA forecast trajectory program consist of
sets of latitude and longitude with appropriate identifying headings and some
interspersed system commands. These data become the input to the plotting
program. The formats for the morning and afternoon data sets are slightly
different because the morning set gives a slightly extended forecast in case
of system malfunctions or communications problems later in the day. The
morning set contains forecasts for start times of 18, 24, 30, 36, and 42 hours
after map time. These correspond to 1000, 1600, 2200, 0400, and 1000 PST
(Pacific Standard Time)!. The afternoon data set uses start times of 12, 18,
24, -and 30 hours, corresponding to 1600, 2200, 0400; and 1000 PST. Thus, each
data set gives forecasts at 6-hour intervals until 1000 PST on the following
day. For each atmospheric pressure level, the position of the hypothetical
particle is given for travel times of 3, 6, 12, 18, and 24 hours after start
time. For the 300, 200, and 100 mbar levels and start time of M+l18 hours,
positions are also computed for the additional travel times of 30, 36, 42, and
48 hours. This additional upper-level information was requested by offices of
the National Weather Seirvice and is not used in the USGS ashfall plotting
program. The morning data file contains 120 lines; the afternoon, 106
lines. These minor differences between the morning and afternoon data files
account for the complex reading procedure in the plotting program. Examples
of morning and afternoon data sets are shown in tables 2 and 3.

The naming convention used when transferring the data files to the USGS
camputer is to use the date and an indication of morning or afternoon data
{for example, mayl8am).

OPERATIONAL SYSTEM

The output file from the forecast trajectory program on the NOAA computer
is recorded at the terminal, either internally or on an external storage
device, then read directly into the USGS computer. The plotting program on
the USGS computer (program fallout map, described in the next section) then
uses this data file to create the plots of the trajectories on an outline map
of the Northwestern States. The entire operation can be conducted from the
field office.

1Examples described in text are for Mount St. Helens, so all times are
converted to Pacific Standard or Pacific Daylight Time for the convenience of
users. :



© Table 1.--Correlation of atmospheric

pressure levels and altitude

Pressure Approximate altitude
(mbar) (km) (ft)
850 1.5 5,000
700 3 10,000
500 6 18,000
400 7 23,000
300 9 30,000
200 12 39,000
100 16 53,000




CFREE F(FO00,F12,F24,F36,F48,F60,F72,F84)

CFREE F(F100Fu01,FTOUSFOOL)

CFREE F(SYSULUT]1,S5YSUIR2,SYSUT3,8YSUTA)

ALLUC F(FTO06F001) DA(»)

ALLOC F(FTO0S5F001) DA(’W.FKL.R32.RRD.T00Z.MSH1")
ALLOC F(FO0) UA( NWS.NMC.PRUD.FO0,.TUO02.UPRNL’)
ALLOC F(F12) VA(’NRS.NMC.PRUD.F12.T00Z.UPKNL?)
ALLOC F(Fel) UA('NWS.IiML.PRUD,F24,T00Z,UPKNL?)
ALLOC F(F36) LA("AWS.NMC.PRUD.F36.TO0L,UPRNL®)
ALLUC F(F60) vA( NW3.NMC.PRUD.F60,.TUO0/L,UPRNL?)
ALLOC F(F72) UA(’NWS.NMC.PRUD.F72,TU0Z, UPRNL”)
ALLUC F(FB4) DA(’NWS .NML.PRUD.FBA4,T00Z,UPRNL?)
DUPGM MSHRUN LIB(‘W,EnL.R32.M5.MESSLD")

INITIAL PUSITION: d6.20N 122.20W

DATA 1S BASEN O THE 18 MAY B0 02 FORECAST MAP TIME
TRAJECTUORLIFS STARIING AJ 18HRS AFTER MAP TIME

TRAVEL TIME(HKS) 03 06 12 18 24
LEVEL (MB) LAT LUNs LAT LONG LAT LONG LAT LONG LAT LONG
850 10,0 121.9 45.7 121.7 45.3 121.2 44.7 121.0 44,1 121.1
700 6.4 121.7 Q6.8 121.2 47.6 120.1 48,3 119.0 49.0 117.9
500 47.0 121.1 47.8 120.0 49.6 117.4 S1.2 113.9 S2.2 109.b
TRAJECTORIES STARTING AT 24HKS AFTER MAP TIME
TRAVEL TIME(HRS) 03 06 12 18 24
LEVEL (M8) LAT LONG LAT LUNG LAT .LONG LAT LUNG LAT LONG
850 46.0 121.9 45.7 121.6 45,2 121.4 Q4.6 121.4 84.0 121.2
7oo 46.6 121.7 47.0 121.2 47.6 120.3 48.2 119.5 48.8 118.5
47,1 121,1 48.0 120.0 . 89.9 117.3 S1.4 113.7 52.4 109.5
TR JECTURIES 'STARTING "AT " 30HKS AFTER 'MAP TIME
TRAVEL TIME(HRS) 03 06 12 ‘ 18 24
- LEVEL (MB) LAT LONG " LAT LUNG .LAT LONG LAT LONG LAT LONG
& 850 45,9 '122.0 45.6 121.9 45.1 121.8 4d.6 121.6 43,5 121.1
Z 700 46.5 121.7 46.8 121.4 47.3 120.8 47.8 120.0 48.7 118.6
] 500 47.1 121.3 Q8.0 $120.2 49.5 117.6 S50.9 11d4.6 S2.7 106.0
~ TRAJECTORIES STARTING AT  36HRS AFTER MAP TIME
/ TRAVEL ' TIME(HRS) 03 06 12 . 18 -1 :
' LEVEL(MB) LAT LONG LAT LUNG “LAT LUNG LAT LONG LAT LONG
Eg 850 45.9 122.2 45.7 122.1 45.2 121.9 44.4 121.4 43,7 121.0
= , 700 46.4 121.9 4ok 121.6 47.0 121.0 47.9 119.9 49.1 118.8
= 500 . . 46,9 121.3 47.5 120.3 48.7 118.2 51.2 112.6 S52.2 104.2
‘m TRAJECTURIES STARTING AT U2HRS AFTER MAP TIME

) o TRAVEL TIME(HRS) ~ 03 s 06 12 18 2a; -

‘ < LEVEL (MB) TLAT  LONG , LAT -LONG  LAT LONG LAT LUNG LAT LONG
= 850 460 122.1 45.6 122.0 45.1 121.6 04.7 121.2 44.6 120.6
— 700, n6.4 121.9 46.5 121.0 47.4 120.6 086.6 119.6 S50.2 118.9
- 500 . . fb.6 121.4 47.0 120.6 49.2 116.7 S1.07111.1 51.7-102.5
m CFREE F(FTO5F001) :

— ALLUC F(FT05F001) DA(“W.ERL, a$z RRNLTQOL.MSH2?):oa - N
m NOPGM MSHRUN LIu(’W, ERL.R32.MS. ME§§LD ), ,;; e ¢ T R
-n INITIAL PUSITION: H6.20N 122.20W. CEEI 3 o ryp g
= DATA IS BASED ON THE 18 MAY By .0/ FORECA;T MAP rxna R T
< TRAJFCTURIES .3TARTING AT 18HRS AFTEP MAP TIME : .
— TRAVEL TIME(HRS) . 03 . (0 06 .pu 12 18 ‘ 24
o ttvtL(Me) LAT .LONG® AT  LUNG LAT LUNG L LAT LUNG LAT LONG
= o RO0, .. 47,1 120.7 47.9 19,2 49,4 116.0 S0.7 1§243 S51.4 108.1
% ya VEL giag;qq§) $} 06 12 18 24
b VEL (MB) LAT .LONG  LAT .LUNG .LAT ,LUNG .LAT sLUNG LAT LONG
b gf " 87.1 1242 47,7 15pe2 48,3 114,85 4B.5 1iLee  d8.6 108.5
m YRBVEL"Timenks) ~ 30 36 42 48 .
= LEVEL (Mb) LAT LUNG LAT LUNG LAT LONG LAT LUNG  LAT LOUNG
4 300 48.3 105.7 46,8 101.7 44.8 99.9 42.5 99.2
- TRAYEL AIME(HgS) 03 06 12 18 24
2 CEVE g(M LAT  LUNG _LAT ,LONG LAT ,LONG ,LAT ,LONG .LAT ;LUNG
& 00 46,9 119.7 47.2 117.2 4p.8 112.7 45.5 109.4 43,7 106.7
m TRAVEL TIME(HRS) 30 36 42 4 o
3] LEVEL (Mb) LAT LONG LAL .LUNG LAT LUNG  LAT .LUNG .LAT LONG
o (200 . 41.8 104,33 3v,2 98.9 38,9 92.8 81,2 B86.3 ‘ s
= ATRAJECTuleb STARTING AT 24HKS~AFTER MAP TIME v
~ THAVEL TIME(HRS) 03 . , .. 06 ... . 12 18 24
' LEVEL(MB). .. . LAT .LUNG, .LAT .LUNG. . LAT LUNG LAT LONG LAT LONG
S 400 . 47,2 120.8- 48.5 119.3 S0.35 115.8 S51.8 111.5 52.6 106.2
=) 300 47.4 120.3 48.4,118.3, SU.5 114,3 S1.4 109.4 S1.7 103.9
§§ 200, , . L. 47.2 119.7 47.9 117.4. 48.9 112.8 48.6 108.5 47,7 105.3
. rRAJE;ruales STARTING AT 30HRS AFTER MAP TIME"
- TRAVEL TIME(HRS) 03 S 06 s~ s ocl2. %y . 18y -1 . 28
o] LEVEL (M) LAT LUNG LAT LUNG LAT -LUNG (LAT :LONG -LAT LUNG
x 400 47.2 121.0 48.2 119.6 50.0 116.5 Si.6 112.4 52.8 101.2
- 300 47.3 120.6- 48,4 118.9 5S0.6 114.9 52.2 109.9 S2.1 96.7
3 1200, ., 47,2 120.2 48.2 117.9 49,0 113,2 50.2 108.4 49.7:100.0
- TRAJECTORIFS STARTING AT 36HKS AFTER MAP TIME
= TRQVEL TIME (HRS) 03 06 12 : 18 24
3 LEVEL (MB) LAT LOUNG LAY LUNG LAT LONG LAJ LONG LAT LONG
400 6.9 121.1 47.6 119.9 65.9 117.4 S1.5 109.9 S2.3 98.5
3Q0 . 47.0 120.8 47.7 119.4 49.5 110.1 S1.9 106.3 S1.4 93.4
200 o . 47.0 120.2 47.5 118.4 4Gp.8 114.4 S0.4 104.7 49.4 96.2
TRAJECTURTES STARTING AT 42HKS AFTER MAP TIME
. TKAVEL I[IME(HRS) 03 06 : 12 18 24
- LEVEL (MB) LAT LUNG LAT LUNG LAT LONG LAT LUMG LAT LONG
100 Qo.0 121.2 67.0 120.¢ 49.2 115.3 S1.3 107.6 S1.7 95.5
300 46.5 121.0 46,9 119.8 49.5 113.4 S1.6 102.7 50.7 89.5
200 46.3 120.8 G6.7 119.4 49,8 112.1 S0.2 102.4 49.2 93,0
CFRLE F(FT05F001) .
ALLUC F(FI105F001) DAC*W,FRL.R32.RRD.TVOZ.MSH3* ) L
e "*‘”””“ﬂﬂ?ﬁﬂ‘HSﬂK"N“ETbT’W“ERL“W3Z”Ho"HESSLD ) D )
INITIAL PUSITION: 46.20n 122.20W !
DATA 1S BASLD ON IHr 18 MAY R0 0Z FORFCAST MAP TIME
TRAJECTURLES STARIING AT  18HKS AFTeR MAP TiMt
TRAVEL TIME(HKS) 03 06 12 18 24
LEVEL (MY) LAT LUNG LAT LuNG LAT LUNG LAT LONG LAT LONG
100 46.7 120.7 47.0 119.2 47.0 116.4 48,0 113.6 48.4 110.8
e ces o= e SCTRAVEL TIME(HRS) 307 7 36T 42 Y B
LEVEL (MY) LAY LUNG LAT  LUNGL LAT LUNG LAI LUNG LAT LOUNG
100 48.7 108.1 4vy.5 3101.8 49,3 95.0 49.2 87.9
TRAJECTURIES STARTING Al 24HKS AFTER MAP TIME
TRAVEL TIME(HRS) 03 06 12 18 24
LEVEL (MY) LAT  LUNG LAT LUNG LAT  LUNG LAT LUNG LAT LONG
100 6.5 120.5 4o0.7 119.0 47.1 116.1 47.4 113.2 47.7 110.0
TRAJECTURLFS STARTING Al 30HRS AFTecR MAP TIME
THRAVFL TIME(HKS) 03 06 12 18 24
LEVEL (MB) LAT LOUNG LAT LUNG LAT LUNG LAT LUNG LAT LUNG
100 o.3 120.7 4o.% 119.2 Uo.7 110.3 40.8 113.7 4d7.0 108.4
TRAJUCTURLES STARIING Al JoHNS AFTLR MAP TIML
THRAVEL 1IME(HRS) 03 06 12 18 24
LEVLL (MB) LAl LUNG LAT LUNG LAT LUNG LAT LUNG LAT LOUNG
100 Qo.0 120.8 fH6.5 119,95 fdo.0 117.0 47.0 112.1 47,3 107.8
TRAJECTURLES STARIVING Al 42HKS AFTER MAP TiME
TRAVEL TIME(HRS) 03 o6 12 18 24
LEVLL (M) LAT LUNG  LAT LUNG LAY LUNG  LAT LUNG  LAT LUNG
100 6.3 121.0 Ho.4 119.8 Ho.8 115,34 46,9 110,68 8.7 100.7

CHRLE F(FUO0,F12,Fe4,F56,FuB,F5%4,F00,F72,FB4)
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CFREF F(FUO,F12,Fcl,F36,FuB, Fu0,Fl2,Fod)

CFRLE F(F100F001,FTUSFLOL)

CFREE F(SYSUTL,5YOU12,815UTs,5YsU14)

ALLUC F(FI00Fu01) Naulx)

ALLUC F(F109FU01) DA( 4 FRL,R32,P:ulT12Z44r81017%)
ALLUC FLFUD) GAL HND e LerRul Ful,T122Z UPKYL®)
ALLLE FUF12) VAL I3 enliLPRUlFIP2,.T12Z.UPRILT)
ALLUC F(Fed) LA RS e v Lab Ul F 20, T12L.uPRML?)
ALLULC F(F36) hA('uho.n”C.H‘uP.FSH.Tlal.uPﬂRL')
ALLUC F(Fdl) UL IS D el L o LN JFur  T12LouPrIL?)
ALLUC F(Fob0) LA S e CoPrlifl JFo0 , T122.UPi"iL?)
ALLLC FUFT72) LAC 1Ok CoPRul FT2.T12£.UPREL?)
ALLLC F(Fef) DAL ImSei ML 'RULD.Fod , T122.UuPRHL?)
DUPGM MSkrlin LIn( n ML, R32,.75,.mFLSLD?)
INITIAL PuS1T10n: Ho.cOn 1224200

DATA 15 %aSLP D. IHE ¢5 "aY 8u 172 rORELAST MAP TIME

TRAJECTURLIES STaRITWE A1 12MiS AFTeR Mal TINE

TRAVFL VIME(HRS) v3 e 12

LEVEL (M) LAT LuML ~LAT  Lutly LAY LuNe -

© 850 19,9 121.4 45,7 12v.0 45.7 11idv.0
700 45,5 1217 43,7 1P1.0 43,4 159,94
500 Uy .4 l?c-Z dq .0 124.2 45.1 1?‘.0

TRAVECTURLES STARIING AT  1otkS 2P TeR MuP Tlive

TRAVEL TIME(HKS) vl 06 12

LEVEL (M) LAT  LuNe LAT "Lute LAl LuNe

850 as.? 1?‘.} 45,0 l?v.“ "ol |1b.3
700 45.4 1215 44,7 12v.7 U4s.n 115.0
500 U,9 1P2.2 Ulher 121.9 45.5 12v.9
TRAJECTURLES STARI1nG &1  24HnS ¢FTeR MaP Ti'e
TRAVEL 1Ist(mrS) = V3 . Ab 12
LEVLL (M) LAT  LuMe LEl  Lute LAl - LUNG
850 i Hoel 1213 Un.l 12ved Hn,0-110.1
700 45,5 121.4 H5.U 12v.3 4,5 11l.0
500 05.6 12149 45,0 121.5 duow 1201
TRAJECTUFIFYS oTAKITnG 81  3uHRS AP TLR Mab TIML
TRAVEL 1T&F (BKS) 03 v ub SIS V-
LEVEL (Mb) LAT Lt LAl Luhe LAl Luhu
850 Uoe2 121.2 Ho.u J2vel A7.0 118.0
700 8.7 121.1 5.3 119.& 44,9 llo.d
509 B9.7 121ef 5.2 121.1 4du.d 11v,.0

CFREE F(FT105FV01) )

ALLUC F(FT09 001) Du(?2 Enl R32,000.T12448H2%)
DUPGIZ Mottty Lle (7w L oa2 Mo iFssSLN®) - !
INTTTIAL PUSETION: dbJef. 1¢2.20%

18
LAl LUMNG
46.2 1Ly
42.¢ 117.3
41,7 120.4

iR
LAl LUM6
4o.b6 1lo.1
43.9 11000
82,7 119.5

18
LAT LUNG
47.4 115.9
4y.¢ 114.4
4.4 1105

13
LAl LuNo
47.7 115.7
44,7 112.b
44.0 117.0

DATA 1S RASED N IHE €% “aY Ru 122 FOAELAST ™MAP TIME

TRAJECTURIFS STAPTIAG A" 12hik$  ARTER waPs T1ue .

TRAVEL 1Int(rksy U3 ve 12

LeVel (ve) CAL  LuMG  “LAT 'Lude  LAT  LUHG
Mapg!~t} 5.6 12¢<7 f5uw 12840 63,9 123,13
teigpt PIVLIHMZ1g5,07125.8 A>.60123.9  Ad,Y.124.0

Used 12sed 4d4.d 129.7
1o0HRS3 AFTER i'aP TliMc

200 05,9 125.4

TRAJECTURIFS STaPITUE AT
TALPL TTRE(HKS) Y G357

TRAVFL (lik (1nS) v3
LEVEL (M) LAl Lon

200, 4.0 125.3
TRAVE[ TTRE(HRS) 30 ’
LthLf"u) LAl Lui,
. 2uo0 4.5 125.0
TRAJFLTUPLES STARI1.6 Al
TRAVEL T1rmF(11¢S) v3
LEVEL (Mu) LA LuNe
. 4900 45,0 122.3

""300 45.7 122.9
200 G9.7] 1273.¢2

TRAJECTUFIES ST£R21TuG Al

TRAVFL [IME(hiS) v3

VIV NOOMYILAY “HVED0Y4 AYOLAICWIELSYIRY0S WyON-HOYA <3114 :LAALAD ITdWYS-— €

LEVEL (Mu) LAL  LuNo
, 400 45.0 12¢.1
300 45,9 1ed.5
200 49.6 122.Y

CrHRLY F(FI05F00})

LﬁVEstu) CAT TLURGS
byp - ¢ ub.7 12248
fratel {InECHRS) 03
CEVEL(hy) " 1T AT LONG
U360 ag )y 1229
TRAVEL 1TiF(HeS) 30
tLV;L("u) LAT  LuMe
. 300 15.1 1Pd.0

B . T RS T-ERNTE PN
vLAT ThuNu LAY LuNy
4542 12d.7 Uu.¢ 122.4
06 12
LAY Lulis LAl LunNb
H9.% 128.9 84,0 124.2.:
- .36 42
T AT LOML LMY LuNe
dieu 124.2 4v.l t2e2.7
) 12
LAl Lude  LAT Lo
4.4 124.2 "u.l 129.2
S0 'Y

Ll Luve LAl LuMo
0.7 12¢ed 3Y.0 111,11

2uMr3 AFTeP MAP Tl

vb 12
bl Lute LA} LuNe
45,2 122.¢ 84,5 121.7

5,4 125,2
5,5 123.¢0

45,0 125.0
ba.q 124.7

39S AFTER AP Tlve

vé 12
LAl LUl vl LMo
9. P19 laE 121.¢
4545 )24-/ 4y v 123.1
5.4 1259 4,0 124,

ALLUC FLFIO05FU01) Na( u . FRL.RIZ,WRD.T12¢.n5113%)
DUPGH MSHnUN LILE A bRl ,R32.5enf 3SLD”)

INTTTAL PUSITINNS: Hu.” 0,
TIRAIFCTOUITFS STaRI LG R
TRAVEL L IRE (HKKS) 03
LEVLL (M) LAl LuHe

100 do,1 125.4
CTRAJECLTUFLIFS STRRIING Al 1
TRAVEL T1rE (MKS)y v3

LEVEL (MD) LA Luide
©TTRAVEL TIME (MKS) vl
Levet (M) LAT LUt
100 4% .14 1rsed
TrAvFL TUF(HKS) 50
LEVEL (ML) LA LiaMG
100 Ivey 1708

TRAJLCTUFLIFS STanl]nt A)
TRAVFL 11IMF (4 S) L3
LEVLL{MD) LAY Ll
100 05,5 125.4
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The essential items of equipment necessary to make the system function
are: '

1. A CRT graphics terminal with a hard-copy device--located at the field
office site where the information is needed.

2. A termminal with internal memory or an external data-storage device capable
of recording at least 121 80-character lines. This should also be
located at the field office site, although in an emergency it can be
Jocated elsewhere. This may be the same term1na] as descr1bed inl or
it may be a separate terminal.

3. A modem capable of 110- or 300-baud transmission (300 baud preferred) fof
communication with the NOAA computer. Time-sharing baud rates greater
than 300 are not available at NOAA.

4. A voice-grade telephone line.

5. A modem capable of 1200-baud transmission for communication with ihe USGS
computer. This is highly desirable but not absolutely essential, since
graphics work can be conducted at 300 or even 110 baud. For items 3 and
5, the best solution is a single modem with 300/1200 baud capability.

The overall system is shown graphically in figure 1.
THE PLOTTING PROGRAM

, Description

The plotting program, fallout map, is the program which rfeads the data
file obtained from the NOAA computer and generates a series of plots of the
trajectories on a map of the Northwestern States. The source program,
fallout map.fortran, is written in FCRTRAN IV, card-image format, for the USGS
HoneyweTl 60-80 computer and a Tektronix graph1cs terminal. The plotting
routine uses Version 8.0 of DISSPLA, a graphics software package of Integrated
Software Systems Corp. (ISSCO).

During execution, the program asks for three items to be entered from the
terminal: the name of the input data file, the date, and whether the run is
for morning (map time = 00Z) or afternoon (map time = 12Z) data. The program
then generates one map for each start time, showing the trajectories at the
various atmospheric levels, with symbols plotted at the 3-, 6-, 12-, 18-, and
24-hour travel-time points. Between plots the program waits for a carriage
return from the terminal before proceeding. An explanation of the map symbols
is shown in figure 2 and plots for wind data of 00Z, May 18, 1980, the date of
the devastating eruption of Mount St. Helens, are shown in figures 3 through
7. Other plots for wind data of 12Z, May 24, 1980, showing a different wind
pattern, is given in figures 8 through 11. An eruption on the morning of
May 25 produced about 3 mm of ashfall at Portland, Oreg (C. D. Miller, oral
commun., 1980).

. Detailed program documentafion, including flow charts, a list of
variables and def1n1t1ons and a compiled FORTRAN listing, is given in the
appendix. .
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Figure 2.--Explanation for ashfall trajectory maps.



Comparison of Predicted and Observed Ashfall Patterns

Comparison of the forecast map for 1100 PDT, May 18, 1980 (fig. 3), the
time nearest the eruption for which data is available, with an isochron map
showing the extent of the ash plume determined from satellite images (Sarna-
Wojicki and others, 1980, fig. 4) shows the same general pattern in the two
types of maps, with the observed ashfall pattern being somewhat south of the
predicted pattern. The observed rate of travel of the ash cloud is somewhat
- faster than predicted, however. The satellite images revealed that the ash
plume extended to the vicinity of Missoula, Mont., in approximately 6 hours,
while the forecast map indicates a travel time of about 10 hours. The
southerly trajectory for the low-altitude winds (850 mbar, 1.5 km) is not
reflected in the observed ashfall pattern because the ash was injected into
the atmosphere above this level. Also, the 850 mbar trajectories are affected
more by local surface topography than the higher-altitude trajectories.

The observed ashfall pattern from the May 25, 1980, eruption (Sarna-
Wojicki, written commun., 1980) does not agree so well with the predicted
pattern (figs. 9 and 10). The predicted wind pattern at the time was highly
unusual, with the trajectories for the various levels fanned out over the
southern half of the map. The observed ashfall deposits were mostly west and
northwest of Mount St. Helens, with one lobe extending to the south and
southwest.

More study is needed before the overall reliability of the predicted
ashfall patterns can be properly assessed. .

Program Modifications and Usage

One minor modification of the program needs to be made twice yearly, in
April and October, to change the time conversion to Pacific time between
Standard and Daylight Saving Time. The conversion from Greenwich (Z) time to
Pacific Standard Time (PST) is -8 hours; to.Pacific Daylight Time (PDT) it is
-7 hours. :

The area of map coverage can be altered by changing the latitude and
longitude 1imits and increments in the call to subroutine mapgr (line 105) in
subroutine pltmap(i). The default map projection used is cylindrical
equidistant. When changing the area of map coverage care must be taken to *
scale the length of the axes to avoid distortion.

Changing the initial position on which the data file is based on the NOAA
computer (in case of eruption of another volcano) can be accomplished by
coordination with the ARL.
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The most desirable improvement to the present system would be- the ability
to generate the plots on the NOAA computer, thus e11m1nat1ng the need to
transfer the data file to the USGS computer.

Interested users on the Denver USGS computer can generate plots with the
following procedure:

add_search_rules >iml>disspla -after work1ng_¢1r

setup tektronix tcs
change wdir >udd>Egb00647>CDMiller

fallout_map

REFERENCE

Sarna-Wojicki, A. M., Shipley, Susan, Waitt, R. B., Dzurisin, Daniel,
Hays, W. H., Davis, J. 0., Wood, S. H., and Bateridge, Thomas, 1980,
Are:l distribution, thickness, and volume of downwind ash from the
May 18, 1980 eruption of Mount St. Helens: U.S. Geological Survey Open-
File Report 80-1078, 13 p.
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APPENDIX--PLOTTING PROGRAM DOCUMENTATION

Flow Charts for Plotting Program
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Figure 12. Generalized flow chart of program fallout_map.fortran.
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Variable List and Definitions

Variable Type and Definition
‘ dimensions
ampm integer Code to identify morning or after-
noon data sets:
1 = morning
2 = afternoon.
da integer Day of month for map time.
dal integer Day of month in Pacific time zone.
filein character*32 Name of input data file.
i integer Index relating to start time:
1=12h
2=18h
3=24h
4 =30h
5=236h
6 =42 h
ifin integer’ Ending value of index i.
imark integer Symbol code for plotting trajectories. .
init integer Starting value of index i.
jstart integer Start time in hours after map time.
J integer Index relating to pressure level:
1 = 850 mbar
2 = 700 mbar
3 = 500 mbar
4 = 400 mbar
5 = 300 mbar
6 = 200 mbar
7 = 100 mbar.
k integer Index relating to travel time:

1 =0 (initial position)
2=3h

3=6h

4=12h

5=18 h

6=24nh
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Variable List and Definitiaons--Continued

Variable Type and® Definition

‘ dimensions '

Tmo T character*4 - Month name abbreviation.

mo integer Month (numeric).

pdt ‘ : Pacific Daylight Time'} 24-h clock,
integer only one appears

pst : Pacific Standard Time | in program.

xlat(i,j,k) real (6,7,6) ' Latitude array.

xlong(i,j,k) real (6,7,6) Longitude array.

ylat(k)- real (6) One-dimensional latitude array.

ylong(k) real (6) One-dimensional longitude array.

yr ' %hteger Year.

z- integer Map time.(either 0 or 12).

Notes: 1) Longitudes read from the data file are positive west; DISSPLA
subroutine mapgr requires longitude to be positive east. This
change- is made by the program. .

* 2) A1l subroutines called exéépt pltmap(i) are DISSPLA 8.2
subroutines. :

. 25
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