CHAPTER VII

RESEARCH

185



A. GENERAL

Research related to tropical cyclones is limited due
to lack of personnel and time, Once the typhoon season
is over, usually in December, the "Annual Typhoon Report"
is written and published, This is completed by 1 April,
and parts of April, May, and June are devoted to research,
Problems encountered during the typhoon season are always
greater in number than those solved during the research
period, Research may be divided into two types: that
leading to simplification of the forecast problem, and
that research designed to improve the forecast, Projects
are listed and discussed in this chapter.
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.B; A TEST OF THE MILLER-MOORE METHOD OF FORECASTING HUR-
RICANE MOVEMENT AS APPLIED TO PACIFIC TYPHOONS OF 1960

While it is generally agreed that the motion of a ty-
phoon or hurricane is not determined by the characteris-
tics of the circulation at any one level, a number of ob-
jective forecasting methods have used this approach for
sake of simplicity and useability,

One of the more recent studies of this type was made
by B,I, Miller and P,L, Moore of the U.,S, Weather Bureaun
and published in the February 1960 issue of the "Bulletin
of the American Meteorological Society".

Briefly, the method consisted of correlating the storm
movement with a mean geostrophic wind and the past 12 hour
storm movement, Somewhat surprisingly this method, based
upon 18 hurricanes and 127 forecast cases, showed better
results using 700 mb data than either 500 or 300 mb data.

The method involves separate determination of meri-
dional and zonal forecasts of storm movement, The equa~
tions developed by Miller-Moore are:

Initial latitude equal to or less than 27,5°

V = 0.23v; + 0.65Py + 2.3

_ 1V
U = 0,42uq7 + 0,54Px - 2.4
Initial latitude more than 27,5°
V = 0.71vq + 0.40Py + 3,0 2
U = 0,61lu7 + 0,48Px - 3,8
T = forecast mean 24 hour zonal speed of center movement
(kts)
V = forecast mean 24 hour meridional speed of center move-
ment (kts)

v7 = first approximation: mean 700 mb geostrophic wind be-
tween five pairs of points 7.5 degrees E and 7,5 de-
grees W of the storm center and extending from 5 de-
grees S to 5 degrees N of the center. If southward
movement results - no further computation,

-second approximation: add points 7,5 degrees N of
-center to first calculation, If both of the first
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two approx1mat10ns are less than 6,5 kts, use the
largest - no further computatlon. L

third approximation: same as second but adding points
10 degrees N of center to second approximation. Use
the 1argest of the three approx1mat10ns. .

“ug-= mean 700 mb geostronhlc wind between seven pairs of
points 5 degrees S of the initial position of the
storm center and 5 degrees N of the latitude the V

“computation indicates the. center w1ll reach 12 hours:
after chart tlme.' ‘ :

APy = mean meridional speed of movement of conter for the
12 hours prior to chart tlme (kts)

Px = mean zonal speed of movement of center for the 12
- hours prior to chart time (kts),

Cootay and v7 are computed from the latest 700 mb chart
~on the Miller-Moore Grid shown herein., Heights are tabu-
lated for every 2% degrees, In the case of the meridional
~component, the average height difference is computed be-
tween 5 degrees ‘N and S of the center; however, depending
- upon the resulting northward speed of the storm, this grid.
may be .extended to 7% or 10 degrees N of the center in ac-:
cordance with the specified criteria, In the case of the
zonal component, the average height difference between the
two horizontal rows is computed; the bottom row being 5
degrees S of the initial surface position of the storm and
the top row being 5 degrees N of the 12 hour meridional
forecast position of the center., The average meridional
and zonal height differences are then reduced to meters-
per degree and converted to geostrophic wind for the cen-
tral latitude .using the graph shown herein. U and V are
then solved for, using the equations (1) or (2),

The above method was tested at the conclusion of the
1960 Typhoon Season, and the 24 hour forecast errors are
shown on two scatter diagrams in this Section, Forecasts
were made on Typhoons OLIVE through PHYLLIS, There were 29
cases N of 27,5 degrees N .and 173 cases at or S of 27.5
degrees N, The cases used were based on forecasts made
whenever the circulation was of tropical storm or typhoon
intensity, The best tracks (shown in Chapter V) were used
to obtain the data for Px and Py, The meridional and zonal
24 hour forecasts were applled to the best track position,
and the error thus obtained is the difference between the
24 hour forecast position and the corresponding best track
position,
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- The scatter diagram for cases N of 27,5 degrees N
has little significance because the errors appear to be
fairly well distributed; probably due to the limited
number of cases available, In the scatter diagram for
cases at or S of 27,5 degrees N, the majority of the cases
are in the northeast quadrant, This indicates that the
Miller~Moore method can be corrected to better distribute
the forecast error; however, this assumption is based on
data for one year, which includes many unusual tracks,., The
Miller-Moore method will be further evaluated on the data
“available for 1959, which was a season with more normal v
typhoon tracks and on the data that becomes available dur~-
ing 1961, | '

Tables in this Section show the 24 hour Miller-Moore
forecast errors for Typhoons OLIVE through PHYLLIS, The
distance, and meridional and zonal forecast errors are in
nautical miles, The distance error is the difference be-
tween the forecast position and the actual position of the
circulation, The meridional and zonal forecast error is
the distance the forecast position is N,E,S, or W of the
actual position of the circulation, The average distance
error of all forecasts was 138 mi,

It should be emphasized that the Miller-Moore fore-
casts, as presented herein, cannot be compared with the
operational forecasts made by the JTWC for the following
reasons:

(1) JTWC forecasts are issued every 6 hours, Seven
hundred millibar data, the bases for the Miller-Moore
forecasts, are available in the Pacific only every 12
hours, o '

(2) The JTIWC 24 hour forecasts are valid for a full
24 hours from the time they are transmitted. These fore-
casts are therefore often based on surface data as much
as 6 hours old, and upper air data as much as 12 hours
old, Due to the time required to process and analyze the
700 mb data, Miller-Moore forecasts are valid for a period
of less than 20 hours from the time of preparation,

(3) 1In this evaluation the Miller-Moore Px and Py
(past 12 hour movement factors) were obtained from best
tracks. The JTWC forecasts were of course prepared from
the best known positions of the typhoon or tropical storm
at the time the forecasts (warnings) were prepared.
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. MILLER-MOORE 2/ HOUR FORECAST ERRORS

OLIVE
MERIDIONAL ZONAL
DISTANCE ( ERROR
VERIFYING TIME _ERROR N S _E W
25002 88 67 - - 57
25122 103 50 - 85 -
2600Z 124 68 - - 110
26127 48 39 - 26 -
2700Z 72 22 - 9 -
2722 . 5 45 - €2 -
28007 90 - 15 88 -
28122 82 10 - 80 -
29002 133 . 84 - 105 -
20122 146 100 - 113 -
- 3000Z 146 104 - 102 -
Average 101
POLLY
MERIDIONAL ZONAL
: DISTANCE - ERROR
VERIFYING TIME ERROR N S E W
19002 55 52 - - 24
19122 40 36 - - 22
20002 44 .39 - - 19
20122 49 49 - - -1
21002 .20 . 15 - 10 -
21122 85 - 6 84 -
22007 98 42 - 87 -
221272 89 79 - A -
23002 7L . yyA - 61 -
2312Z 85 79 - - 32 -
24002 101 97 - 29 -
24127 12 - 2 1 -
25002 134 3 - 133 -
25122 - 100 21 - -
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MILLER-MOORE 24 HOUR FORECAST ERRORS |

POVLLY (CONT'D)
: MERIDIONAL ZONAL
DISTANCE ERRCR - ERRCR
VERIFYING TIME ERROR . N S E W
26002 . 28 1 . - 28 -
2612Z 15 5 © - - 14
27002 16 - 14 8 -
27122 T - 19 66 -
28002 140 - 67 119 -
28122 111 - 76 T4 -
290042 51 38 - - 35,
Average 68
SHIRLEY
' MERIDIONAL ZONAL
DISTANCE ERRCR ERRCR
VERIFYING TIME ERROR N . S E W
30122 83 84 - 6 -
31122 40 35 - 8 -
0100Z 126 90 - o0 -
01122 87 &2 - 58 -
0200% 149 - 46 - 139
02122 102 - 95 32 -
05122 373 - 320 192 -
06002 197 - 113 - 152
Average 133
TRIX
MERIDIONAL ZONAL
: DISTANCE ERROR ERROR
VERIFYING TTME ERROR N S E W
05122 T4 36 - - €3
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MILLER-MOORE 24 HOUR

FORECAST ERRORS

TRIX  (CONT!D)
MERIDIONAL ZONAL
' DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
0600Z 26 - 20 - 17
06122 72 - 65 34 -
07002 122 - 2 122 -
07122 162 53 - 152 -
08002 192 185 - 52 -
08122 248 205 - 141 -
0900Z 192 140 - - 134
09122 76 58 - - 47
1000Z 188 - 25 187 -
Average 135
 VIRGINIA
' MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
09122 47 - 45 15 -
10002 251 - 192 217 -
1012% 178 - 56 171 -
1100% 103 86 - 46 -
11122 148 103 - - . 102
12002 255 - 43 24,0 -
Average 164
WENDY
MERIDIONAL ZONAL
: DISTANCE ERROR ERROR
VERIFYING TIME _ERROR N S E W
12002 200 - 97
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MILLER~MOORE 2/ HOUR FORECAST ERRORS

WENDY  (CONT'D)

‘ : MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N 8 E W
12122 59 47 - - 37
13002 133 -3 - 112 -
Average 131
BESS
MERIDIONAL ZONAL
DISTANCE : ERRCR ERROR
VERTIFYING TIME ERROR N S E W
18002 _ 162 - 30 - 159 -
18122 190 : 16 - 190 -
19007 91 68 - - 51
19122 105 - g6 - 34
20002 60 - 51 - - 40
20122 226 122 - - 190
21002 264 59 - - 258
21122 205 o3 - - 183
2300z 90 : €2 - - 76
23122 356 72 - 346 -
24002 401 - 12 400 -
24122 210 T4 - 193 -
Average 197 '
CARMEN
MERIDIONAL ZONAL
DISTANCE ERROR : ERROR
VERIFYING TIME ERROR N S E W
1800Z 102 /A - 73 -
18122 108 99 - A -
1900Z 105 108 - 14 -
1912Z 65 58 - - 30
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'MILLER-MOORE 24 HOUR FORECAST ERRORS

GARMEN  (CONT!D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N, S E W
20002 75 - 62 - 46
20122 88 20 - 86 -
21002 119 34 - 111 -

- 2112%Z 201 35 - 200 -
22002 137 - 93 97 -
22122 192 - 149 126 -
23002 201 - 119 16, -
23122 330 - 323 207 -
Average 144

DELLA
: MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S B W
19002 240 08 - 222 -
22002 230 L4 - 215 -
22122 60 22 - 54 -
2300Z. 146 110 - 100 -
23122 M 163 - 106 -
24002 157 148 - - 42
24122 11 11 - 6 -
25002 56 29 - 48 -
25122 136 L7 - 125 -
260072 176 19 - 185 -
26122 184 27 - 175 -
27002 96 - 2 Q0 -
2T1272 57 - 15 55 -
28002 22 22 - - 2
28127 133 131 - 5 -
29002 89 76 - 42 -
20122 AT - 12 - 45
Average 119
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MILLER-MOORE 2/ HOUR FORECAST ERRORS

ELATNE
‘MERIDIONAL ZONAL .
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
21122 138 27 - 132 -
2200Z 117 . 4 - 116 -
22122 137 30 - 133 -
23002 252 - 66 - 240
23122 421 199 - 302 -
24002 294 236 - 180 -
24122 75 - 67 28 -
25002 155 65 - 138 -
Average 199
FAYE
MERIDIONAL ZONAL
DISTANCE . ERROR . ERROR
VERIFYING TIME ERROR N S E W
24007 40 33 - - 25
24122 197 83 - 183 -
2500Z 133 50 - 122 -
25122 180 133 e 118 -
26007 222 190 - 119 -
26127 310 183 - 256 -
27002 273 202 - 183 -
27122 258 153 - 206 -
28007 193 - 40 193 -
281272 100 - 17 og -
29007 154 - /A 140 -
29127 97 - 82 56 -
30007 12 - 12 - -
30122 70 - 70 - 25
31002 36 - 10 36 -
31122 90 41 - - a7
Average 148
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MILLER-MOORE 24 HOUR FORECAST ERRCRS

KIT
MERIDIONAL ZONAL
, DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
05122 86 17 - - 82
06002 38 38 - 3 -
06122 1M 15 - - - 170
07002 68 10 - - 67
07122 154 5 - - 156
08002 110 - 4 - 110
08122 76 13 - 75 -
0900Z 176 - 76 161 -
09122 245 38 - 237 -
1000Z 120 115 - 30 -
10122 33 30 - - 18
11002 94 65 - 72 -
11122 117 118 - 65 -
12002 150 122 - 76 -
12122 92 95 - 52 -
13002 109 80 - 81 -
Average 115
10L&
~ MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S _ E W_
10002 197 186 - - 68
10122 205 181 - - 97
11002 180 163 - 85 -
11122 284 220 - 180 -
12002 114 Yif4 - 88 -
1212% 149 - 125 80 -
13002 270 - 15 270 -
13122 255 - 10 255 -
1400Z 183 82 - 145 -
14122 22 - 22 - -
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MITLLER-MOORE 24 HOUR FORECAST ERRORS

1olA  (CONT'D)

MERIDIONAL ZONAL

DISTANCE . ERROR ERROR .
VERIFYING TIME ERROR N___ s E W
15002 252 54 - C 245 -
15122 188 136 - 127 -
16003 12 7 - 9 -
16122 28 6 - 28 -
17002 131 ' 58 - 117 -
Average 165
MAMIE
MERIDIONAL ZONAL
\ DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S _E W
15122 60 - 35 45 -
1600Z 17 - 7 - 15
16127 107 100 - 32 -
1700Z 84 62 - - 62 -
17122 110 96 - - 52
18002 112 79 - - 76
18122 25 5 - - 25
190072 - 83 - 83 - -
19122 97 - 193 34 -
20002 221 - 178 140 -
20122 - 58 ‘ 29 - - 54
21002 89 23 - - 80
Average 89 .
NINA
MERIDIONAL ZONAL
DISTANCE ERRCR ERROR
VERIFYING TIME ERROR N S ' E W
25002 85 42 - 70 -
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MILIER-MOORE 2/ HOUR FORECAST ERRORS

NINA  (CONT'D)
MERIDIONAL ZONAL
DISTANCE ERROR ERRCR
VERTFYTING TIME ERROR N S F W
25122 65 54 - 42 -
26002 90 8 - 41 -
26127 297 243 - 179 -
27002 282 263 - 113 -
27122 340 262 - 212 -
Average 193
OPHELTA
MERIDIONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
28002 119 68 - - 97
28122 114 65 - 100 -
29002 137 75 - - 110
29122 343 - 50. 34 -
3000z 427 - 5 427 -
01002 118 - 87 81 -
01122 137 - 58 - 121,
02002 89 - 29 - -85
02122 . 198 23 - - 196
03002 107 78 - - 76
03122 151 - 3 151 -
04002 184 - 5 184 -
04122 . 83 60 - - 62
05002 422 - 256 - 349
05122 500 - . 395 - 320
06002 340 - 50 - 335
Average 217
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MILIER-MOORE 2/ HOUR FORECAST ERRORS

PHYLLIS
MERIDIONAL ZONAL
DISTANCE ERROR ’ ERROR
VERIFYING TIME ERROR N S E W
14002 126 9 - - 128
14122 131 40 - - 123
15007 74 74 - 2 -
15122 88 87 - 2 -
16002 147 77 - 125 -
. 16122 216 70 - 203 -
17002 243 7 - 238 -
17122 - 15 - 10 13 -
18002 53 38 - - 42
19007 65 65 - - 125
19122 95 95 - - 3
2000z 83 83 - 15 -

Average , 111

AVERAGE 2/ HOUR DISTANCE ERROR 138 MI (OLIVE-PHYLLIS)
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C. WACHHOLZ GRAPHS

These graphs were compiled by Captain Edward R,
Wachholz, USAF, in April and May of 1960 after a season
of forecasting typhoons in 1959 at FWC/JTWC, The graphs
are compiled from reconnaissance data for 1957, 1958,
and 1959, and were tested on 1956 data, The three years
used provided more complete information than any other
period due to the availability of flight level winds
determined by the APN-82, Doppler wind measuring equip-
ment, -

The first chart, called a coordination chart, is based
on the theory that all typhoons develop in homogeneous
air over areas of similar characteristics, and that ty-
phoons are similar thermodynamically except for differen-
ces in intensity. These variations of intensity are due
to seasonal heat differences, differences in spawning
areas, and geography,

The graphs are as follows:

(1) The first graph (see this chapter) relates
minimum 700 mb height (£t), maximum 700 mb temperature
(0C), and minimum surface pressure (mb), as modified by
latitude, to maximum 700 mb wind speed (kts) and maximum
surface wind (kts). The graph is based on the following
formulas:

: _ L (8 - 15 — 7hm
Sfc wind max = E‘? ‘ ( z >] 372 =5 (1)
700 mb wind max = 50 + ( ,5 +-§§%%—) (Sfcm - 50) (2)

© represents the latitude of the typhoon eyeA
Thm is the 700 mb minimum height of the eye in ft
Sfcm is the surface wind max around the eye in kts

The basis of these formulas is the original formula
by Dr. Robert Fletcher who is presently Director of
Scientific Services, Air Weather Service, This formula
is shown below:

Sfc wind max = 16\/1010 - P, : (3)

1010 represents the pressure in mb at the "bar" of
the typhoon, and may be adjusted if the "bar" pres-
sure differs,
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Pc is the center pressure of the typhoon or hurricane
in mb, '

Note on the coordination chart that the 700 mb-surface
wind relationship is direct (they are the same at 50 and
250 kts only), and that the surface pressure-700 mb height
is also directly related, When the surface pressure is
known, find it on the graph then follow horizontally to
the correct latitude; from there extend vertically to the
surface wind or to the 700 mb wind, ,

This chart was used through the 1960 season and found
to be quite reliable, Information most frequently used
to determine the surface wind was the 700 mb height and
the 700 mb wind which are accurately measured by the air-
craft, The surface pressure was most frequently obtained
from dropsonde equipment and available as raw uncorrected:
data at time of chart use, 1Its value varied at times
from the corrected pressure available later, The 700 mb
temperature parameter was found to be least useful due to
the fact that it is reported in whole degrees, and a small
variation in temperature represents a large variation of
other features in the graph, This graph works only for
circulations thermodynamically classified as typhoons,
The coordination graph is also used as an overlay for the
climatological graphs discussed below,

(2) Three graphs; of typhoon track climatology, using
time and the 700 mb height as ordinates, are shown herein,
The charts are for the periods June-15 August, 15 August-
December, and November-May, for the western North Pacific
and the South China Sea only, These graphs are scaled to
the height values of the coordination graph, The time
varies horizontally and the space between two vertical
lines represents 6 hours, These graphs are "folded" at
A and A', There is an upper, lower and median line for
each graph, Heavy hatching is placed between the upper
and lower limits, Behavior of typhoons of various source
regions is indicated on the graphs, The upper limit line
on the June-15 August graph for the folded part beginning
with A' starts 18-24 hours after A', This is because
those circulations that are weak (have height values that
are near 10000 ft) usually do not re-intensify, For this
reason, no upper limit is drawn in for the second inten-
sification part of the graph,

The June-15 August trace is 7 days in length and the
other traces are 9% to 10 days long, The double minimums
on the June-15 August, November-May charts represent
weakening, and re~intensification as a result of passage
over land, or through the ridge line, The midseason 15
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Auqust—December trace reflects some. of th1s variation be-
tween the 12 18 hour period after A',

The se charts are useful aids in forecastlng typhoon
intensity trends. but may not be used to forecast recur-
vature, minimum height/pressure, lifetime of the typhoon,
or other implied features. To clarify the climatological
aspect, the typhoons (including T.S. LUCILLE and NADINE)
of thlS season averaged 7 days 17 hours, from first to
last warning, comparing favorably with the climatology of ,
the 3 charts, The life of two typhoons were 2% and 15 3/4
days respectively; neither the 2% day nor the 15 3/4 day
“typhoon would fit these charts due to the time difference,
even though the curves would be similar; however, variation
of intensity could be forecast reasonably for each,

In summation, theSe.graphs were used during the 1960

typhoon season and found to be very successful operational
tools.
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