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Abstract

Questionnaire replies from forecasters in 16 tropical-cyclone warning
centers are summarized to provide an overview of the current state of
the science in tropical-cyclone analysis and forecasting. Information is
tabulated on the data sources and techniques used, on their role and
perceived usefulness, and on the levels of verification and accuracy of
cyclone forecasting.
1. Introduction

Tropical cyclones are the major severe weather hazard for a
large "slice" of mankind. The Bangladesh cyclones of 1970
and 1985, Hurricane Camille (USA, 1969) and Cyclone Tracy
(Australia, 1974) to name just four, would figure prominently
in any list of major natural disasters of this century. Even the
less-spectacular cyclones can cause considerable economic disruption to tropical countries. For example, less than 20 percent
of Australia's population is directly threatened by tropical cyclones; yet in the past 15 years 50 percent of the total Australian
insurance payout for weather-related damage was attributable
to tropical cyclones (statistics provided by the Insurance Council of Australia). For these reasons, considerable resources have
been devoted to research, forecasting and socioeconomic preparedness for these systems. How wisely have these resources
been spent? What is the current state of the science in tropicalcyclone forecasting? How relevant is the research to forecasting, and equally important though rarely asked, how relevant
is the forecasting to research? What future directions should
operationally oriented tropical-cyclone research take? We consider these are questions that should be debated in the literature
in much the same manner that basic scientific contributions are
discussed and debated.
A documentation of the current state of the science in global
tropical-cyclone forecasting is presented as a small contribution to this discussion. The documentation is based on replies
received to two detailed questionnaires mailed during 1985 to
individual representatives from a number of different forecast
offices around the world. These representatives were all attendees at the World Meteorological Organization/Commission
for Atmospheric Science (WMO/CAS) International Workshop
on Tropical Cyclones (IWTC) held in Thailand that year. The
first questionnaire was on the subjects of tropical-cyclone formation, intensity, and structure, and was designed to form a
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basis for discussion at particular sessions planned for the workshop. Replies to this questionnaire were received from 16 offices. These are listed in Table 1, grouped according to their
ocean basins. Encouraged by the high information content of
these responses, the authors sent a second questionnaire on the
analysis and forecasting of cyclone position and motion. Replies to this were received from 13 of the listed offices.
This paper tabulates and syntheses information provided on
the following aspects of tropical-cyclone forecasting: 1) the
techniques used; 2) the level of verification; and 3) the level
of accuracy of analyses and forecasts. Separate sections cover
forecasting of cyclone formation; analyzing cyclone structure
and intensity; forecasting structure and intensity; analyzing cyTABLE 1. Forecast offices from which unofficial replies were received to the questionnaires on current forecast and analysis procedures.

Northern Hemisphere—Pacific Ocean
1) Japan (Forest Division, Japan Meteorological Agency)
2) Hong Kong (Royal Observatory)
3) The Philippines (National Weather Office, Pagasa)
Northern Hemisphere—Atlantic Ocean
4) Miami (National Hurricane Center)
Northern Hemisphere—Indian Ocean
5) India (Area Cyclone Warning Centres: Bombay, Calcutta, and
Madras)
6) Bangladesh (Storm Warning Centre, Bangladesh Meteorological
Department)
Southern Hemisphere—Pacific Ocean
7) Brisbane (Brisbane Tropical Cyclone Warning Centre)
8) New Zealand (National Weather Forecasting Centre, Wellington)
9) Fiji (National Weather Forecasting Centre)
Southern Hemisphere—Indian Ocean
10)
11)
12)
13)
14)

Perth (Perth Tropical Cyclone Warning Centre)
La Reunion (Service Meteorologique Regional de la Reunion)
Mauritius (Cyclone Warning Centre, Vacoas)
Mozambique (Meteorological Centre of Mozambique)
Madagascar (Centre de Prevision d'Antananarivo, Meteorologie
Nationale)
Southern Hemisphere—north of Australia
15) Darwin (Darwin Tropical Cyclone Warning Centre)
Northern and Southern Hemispheres—Pacific and Indian oceans
16) Guam (Joint Typhoon Warning Centre)
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clone position; forecasting cyclone position; and a summary of
the results.
The aim is to document the state of the science as it is
currently practiced in forecast offices around the globe. Accordingly, the survey results are simply summarized and synthesized with a minimum of interpretation. Further, no attempt
is made to describe in detail any of the current forecast or
analysis techniques. The reader is referred to the following
reports in which most of the techniques in common use are
summarized: Japan Meteorological Agency (1974); Neumann
and Pelissier (1981); Bureau of Meteorology (1978); WMO
(1979) and JTWC (1984). Other discussions on the current
state of knowledge and problems with tropical-cyclone forecasting and research are contained in the final report of the
IWTC (WMO, 1986).

TABLE 2. Popularity of various formation-forecasting techniques
defined in terms of the number of offices mentioning that technique
as being in current use.

Technique
Satellite interpretation
Surface patterns
Upper-air patterns
Surface isallobars
Sea-surface temperature
Genesis indices
Warning messages from
other nations
Angular-momentum fluxes
Mainly following Dvorak (1975, 1977, 1984)
Gray (1968), McBride and Zehr (1981)
Holland (1983)
1

2

3

No. of offices
16
15
11
8
6
5
3
3

1

2

3

2. Forecasting of tropical-cyclone formation

a. Techniques
Table 2 summarizes the techniques used by the different offices
for the forecasting of tropical-cyclone formation. In addition,
six offices utilize a decision ladder incorporating all of the
techniques considered important in their region.
b. Verification statistics
Twelve offices provide public forecasts of tropical-cyclone formation, but verification statistics were available from only six
of them. Perth gave statistics on the number of correct statements to the public and are thus difficult to compare with the
other offices. Statistics from the remaining five offices are given
in Table 3.
TABLE

3. Verification statistics for formation forecasts over a five year period.

Bangladesh
A) Number of cyclone
formations
forecast 12 hours
ahead.
B) Number forecast 24
hours ahead.
C) Number forecast
more than 24
hours ahead.
D) Number correctly
forecast (A + B
+ C).
E) Number that formed
in the region.
F) Percent correct
(100.D)/E
G) Number of times
formation was
forecast but did
not occur.
H) False alarm rate
(100.G)/(D +
G)
1

Bangladesh and Darwin correctly anticipated all cyclone occurrences 12 hours or more in advance; but it could be argued
that formation had already occurred by the time it was forecasted. The Brisbane and Madagascar offices report much
smaller success rates. Guam did not provide a forecast breakdown into categories A, B, and C of the table; but indicated
that over the five years they correctly forecasted 137 developments with an average "lead time" of 18.6 hours.
The reasons for the apparent large variations in skill are not
clear. In this context, Perth noted that many of their formations
occurred over the open ocean away from populated areas. In
such situations they usually waited until development occurred
before issuing advices to the public. Conversely when development potential exists close to the coast they tend to issue the
"forecast of least regret," i.e. to over-forecast cyclone development. Assuming the same types of considerations apply in
the other forecast offices, it is likely the figures in Table 3

Brisbane

Madagascar

Darwin

Guam

2
0

7
0

0
2

2
6

15

0

2

15

17
17
100

7
18

23

39

4
4
100

35
66

137
140
98

No record
kept

No record
kept

No record
kept

30

7
29

—

—

—

1

—

—

—

18

North Pacific only
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reflect "office procedures" as much as they do "real forecast
skill."
Another difficulty with verification is that many offices do
not issue their advices in the form of Yes/No forecasts, but
rather in a qualitative form such as: "this area of convection
shows potential for development within the next 48 hours."
Most offices carry out no objective evaluation of techniques
and thus were reluctant to comment on their accuracies. Five
offices stated they place a very high level of confidence on
their satellite interpretation. Guam and Brisbane office ranked
their decision ladders as the best indicators of development;
Brisbane ranked satellite interpretation second; and derived
genesis indices third. Perth listed the same three techniques,
but expressed little confidence in any of them. Bangladesh rated
satellite interpretation as being 75 percent accurate, and interpretation of surface and upper synoptic charts as being 60-70
percent accurate. Madagascar sent several very detailed examples of forecast situations. From these examples it seems
they place roughly equal reliance on three factors: surface observations close to the disturbance, the large-scale surface synoptic pattern and satellite interpretation.
3. Analysis of intensity and structure

a. Techniques
All 16 forecast offices carry out analyses of both cyclone intensity and structure. Intensity is quantified by either or both
of minimum sea-level pressure (central pressure) or maximum
sustained winds. Outer-cyclone structure (or size) is quantified
by the radial extent of hurricane or gale force winds. Many
correspondents also commented that they monitored one other
aspect of structure, namely the intensity and extent of heavy
rainfall; though no information was solicited on techniques used
to estimate this.
The survey results are summarized in Table 4. Satellite interpretation techniques (predominantly following Dvorak) are
used by all 16 offices; though three offices with inadequate
satellite receiving facilities rely more heavily on interpretation
of surface observations and warnings from other offices. Interpretation of aircraft-reconnaissance data was listed as a prime
means of determining intensity by the five offices that have
access to this source. Thirteen of the sixteen offices rely heavily
on the analysis of surface data.
Air-reconnaissance estimates of intensity are based almost
totally on central pressure as measured either by dropsonde or
by statistical extrapolation from observed-height deviations of
Techniques used by the different offices as their
primary means of analyzing cyclone intensity.

TABLE 4.

Reconnaissance, satellite, surface data
Reconnaissance, satellite
Satellite, surface data
Satellite, surface data, other centers
Satellite
Surface data, other centers
Surface data
TOTAL:

4 offices
1 office
4 offices
2 offices
2 offices
1 office
2 offices
16 offices

the pressure level flown by the aircraft. Maximum sustained
winds are then derived from the pressure-wind relationship of
Atkinson and Holliday (1977). The correspondent from Miami
listed the reasons for this as being 1) minimum sea-level pressures are consistent and essentially independent of observer
differences; 2) pressures determined from dropsonde seldom
differ by more than 3 mb from those determined by height
deviation of the flight level; 3) horizontal pressure gradients
are small inside the cyclone eye so that errors are small for
measurements not made in the exact storm center; 4) minimum
pressure is highly correlated to maximum sustained wind speed.
By contrast observed flight-level winds show a wide scatter
due to asymmetries and highly localized deviations within a
particular cyclone.
Thirteen offices rely heavily on analysis of surface observations. Seven apparently do so subjectively. Japan and Hong
Kong determine central pressure by fitting the pressure-radius
profile of Takehashi (1939) to surface observations. India estimates the maximum wind speed from satellite interpretation,
then combines this with surface-pressure observations to obtain
central pressure through the Fletcher (1955) wind-V/? relationship. Bangladesh uses Fletcher's pressure-radius formula
to calculate central pressure directly. Brisbane and Darwin use
the (Dvorak) satellite technique to estimate maximum wind
speed then combine this with surface observations through the
formulae of Holland (1980) to calculate central pressure.
Methods of analysis of cyclone size also differed markedly
from office to office. Most offices relate the extent of gale or
hurricane force winds directly to the diameter of the outer closed
isobar. Four offices use estimates based on the extent of cloud
on satellite imagery; eight use analyses of surface observations
of wind and pressure; and two combine reconnaissance and
surface analyses.
b. Accuracy
Only Guam and Miami routinely verify their operational intensity analyses against postevent best-track estimates. The
quoted mean absolute errors are 2.6 m • s at Guam and 3.0
m • s" at Miami (with a bias o f - 0 . 1 m • s" )- Keenan (1982)
evaluated the error in central pressure in the Australian region
(i.e. the Brisbane, Perth, and Darwin forecasts) to be 10.6 mb
(rms). (Assuming a mean cyclone intensity of 990 mb, the
corresponding maximum wind-speed error would be 8 m • s~ ')•
Holland (1981) estimates the best-track estimates of central
pressure in that region have a probable mean bias of +10 mb.
It is difficult to evaluate individual techniques for intensity
analysis for, as indicated in Table 4, most centers use several
techniques in combination. Thus, for example, an office could
verify operational satellite estimates of intensity against the best
track. This is not a true evaluation, however, as in most cases
the operational analyst making the satellite determination would
have had available other information such as reconnaissance
and surface observations.
From the opinions expressed in the replies to the questionnaires, there is no doubt that the single most accurate method
1

_1

1

1

Unless otherwise stated, errors in analysis and forecasting of cyclone intensity and position are the differences between the real-time
operational estimate and the post-analyzed "best track."
1
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FIG. 1.

Check sheet used for subjective determination of intensity trend used by Australia (Bureau of Meteorology,

1978).
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for determining cyclone intensity is through the use of reconnaissance aircraft, when they are available.
Guam quotes the Dvorak "satellite-interpretation" technique
as having a mean absolute error in central pressure of 8 mb.
Mean errors of 11.5 mb were obtained in the North Pacific
Typhoon Operational Experiment (TOPEX). The only extensive nonoperational evaluation of the Dvorak technique to date
is that of Sheets and Grieman (1975). They used fourteen experienced analysts from three different forecast offices to carry
out individual satellite interpretations for series of images spanning the life cycles of 50 cyclones from the Atlantic and North
West Pacific oceans. In the Dvorak technique the cyclone's
intensity is quantified as its current intensity number (CI). For
a cyclone with maximum winds less than 20 m • s ™, a variation
of one CI number corresponds to a change in maximum wind
speed of 5 m • s , while for more intense cyclones (greater
than 50 m • s ) one CI corresponds to a change of 15 m • s" .
Regarding internal consistency of the method, Sheets and
Grieman found that an individual analyst would deviate by more
than ±0.5 CI number from the group average in approximately
17 percent of cases and by more than ±1.0 CI number in
approximately 4 percent of cases. Sheets and Grieman estimated the "absolute accuracy" of the technique by comparing
the analysts' intensity estimates with those of the official best
track. They found deviations from best track of greater than 0,
±0.5 and ±1.0 CI to have respective probabilities of 72 percent, 32 percent, and 12 percent.
1

-1

-1

1

4. Forecasting of intensity and structure

a. Techniques
Fifteen offices indicated that they issue forecasts of cyclone
intensity and size. There are no numerical techniques for intensity forecasting. Nor are there any widely used objective
techniques, though several offices have experimented with simple regression using large-scale analyzed fields as predictors
(e.g. Nyoumura and Yamashita, 1984; Pike, 1985a) and with
objective techniques based on climatology and persistence.
In three offices the major component of the intensity forecast
is based on persistence of current trend; six use the forecast
component of Dvorak's satellite-interpretation technique; and
three use a combination of trend persistence and Dvorak. All
twelve of these offices modify their forecasts by climatology
and through a qualitative assessment of prevailing environmental conditions; and the remaining three rely solely on qualitative synoptic reasoning. In some offices this subjective process is formalized by use of check sheets, an example of which
is shown in Fig. 1. Two correspondents pointed out that their
major operational effort was devoted to predicting sudden
changes, such as rapid intensification or decay.
Forecasts of cyclone size are based entirely on persistence
in twelve offices. In addition, three offices modify persistence
subjectively taking into account both climatology and synoptic
reasoning on expected changes in the large-scale flow surrounding the cyclone.
b. Accuracy
No office verifies forecasts of size, and only Miami and Guam

routinely verify their intensity forecasts. Mean 24- and 48-hour
forecast errors at Guam are 7.2 m • s and 10.3 m • s" respectively. For comparison an objective climatological technique (run by the same office) yields mean errors of 8.2 and
12.4 m • s . Miami lists its errors over 8 years for forecasts
of 12, 24, 48, and 72 hours as being 4.8, 6.9, 9.0, and 10.5
m • s respectively. For comparison an objective technique
based on climatology and persistence gave superior forecasts
with errors of 2.8, 4.5, 6.9 and 8.1 m • s . In the Australian
region Keenan (1982) found the root mean square errors over
an 8-year period in official 24-hour forecasts of central pressure
to be 15.0 mb (corresponding to a maximum wind speed error
of 13 m • s" )- This is greater than the error obtained by using
persistence of the best track, and is approximately twice the
errors listed by Miami and Guam. Presumably this difference
reflects the influence of the large analysis errors resulting from
the lack of air reconnaissance in the Australian region.
Guam has verified operational forecasts based solely on the
Dvorak technique and state a mean error at 24 hours of 8.2
m • s~ . Sheets and Grieman also concluded the technique gives
only a small improvement over a simple climatologically based
forecast.
_1

1

1

l
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1

1

5. Analysis of cyclone position

a. Techniques
The techniques used in the analysis of position vary widely
from office to office, and generally are tied to the type of data
available. All thirteen respondents use a combination of techniques based on surface observations, radar, satellite imagery,
and (for the five offices with access to it) air reconnaissance.
In every case the final position is arrived at by a "reliabilityweighted" average of the results of the different techniques.
All offices use surface observations in their analysis. Two
popular techniques are the careful construction of circular isobars; and variations on constructing the intersection of normal
vectors to frictionally adjusted surface winds.
In the use of satellite data, five offices made specific mention
of the Dvorak technique. Two offices mentioned the importance
of enhancements to reveal inner structure when the eye is covered by cirrus or altostratus. Spiral overlays fitted to cumulus
bands are common in the interpretation of radar and satellite data,
as are time-lapse displays to determine the center of circulation
from the movement of rain and cloud. Most offices use extrapolation of the previous track to smooth out the small-scale
oscillations that may be resolved by high-quality satellite, radar,
and air-reconnaissance analyses.
b. Accuracy
The errors in operational fixes of cyclone position are shown
in Table 5 for the five offices that carry out this verification.
The first four offices in the table have access to reconnaissance
data, and these report mean errors of around 35 km with a
standard deviation of similar magnitude. Keenan (1982) found
mean errors for the Australian region of 69 km, which according
to Sheets and Grieman (1975) are of the order one would expect
from analyses based on satellite data alone.
There was universal agreement on the relative accuracies of
the standard techniques. Techniques based on aircraft reconUnauthenticated | Downloaded 01/09/23 05:23 AM UTC
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Mean analysis errors of cyclone position.

Office
Japan (during TOPEX only)
Hong Kong (1975-82)
Philippines (1980-84)
Miami (1967-76, reported in
Fig. 9-4 of WMO, 1979).
Miami (1976-1985, 1350 cases)
Australia (Brisbane, Darwin,
Perth offices combined,
period 1970-79, reported by
Keenan, 1982).

Error (km)
26
37
44
42
35
69

Standard
Deviation
(km)
29
37

naissance are considered the most accurate, followed by radar
and satellite.
Guam quotes a mean error of 24 km for reconnaissance positions in the north west Pacific over the period 1972-1984,
which is consistent with mean reconnaissance errors of 26.6
km quoted by Sheets and Grieman (1975). The Japan correspondent, however, quoted the mean reconnaissance error for
the Second Operational Experiment of TOPEX as being only
13.1 km.
Hong Kong estimates that mean radar errors are less than
20 km when the cyclone eye is well defined and approximately
55 km for less organized cyclones. Guam quotes a mean radar
error of 31.5 km based on their 13 years of verification.
Those offices without access to air reconnaissance stress the
importance of using satellite data only in conjunction with
surface observations. Mean errors from satellite interpretation
were quoted as being 20 km to 50 km for cyclones with welldefined eyes, and from 50 km to 150 km for cyclones in their
formative stages. Most correspondents point out that satellite
interpretation can be misleading, especially for weak or strongly
sheared systems and that errors on such occasions can exceed
220 km. This can be such a problem that two offices (Brisbane
and India) actually ranked techniques based on surface observations ahead of satellite techniques in reliability.
Despite these reservations, there is evidence that improved
satellite technology has been responsible for a significant decrease in operational position analysis errors in some regions.
For example, Fig. 2 (from Neumann, 1977) shows that during
the period 1967-1977, Miami's errors showed an irregular
downward trend. Neumann attributed this to improving satellite
technology. Frank Woodcock (personal communication)
pointed out a similar effect in the Australian region with the
commencement of operational geostationary satellite imagery
in late 1978. Unfortunately the time series of analysis errors
is not available, but the effect can be seen clearly as an apparent
step-function-like decrease in 12-hour position-forecast errors,
as shown in Fig. 3.
The Dvorak satellite technique for position analysis has been
evaluated by Sheets and Grieman (1975). Their nonoperational
mode of evaluation ensures that the analyst's decision is not
influenced by other data sources. They found the internal consistency of the technique as measured by the mean deviations
from the "mean of the estimates" ranged from 21 km for
intense storms to 53 km for weak systems. Analysis errors as
defined by deviations of the analyst mean from the official best
track varied from 57 km for high resolution (DMSP) satellite

data to 76 km for data from the ESS A series satellites. These
errors are much greater than those from Guam's operational
use of the technique, which yielded mean errors of 24 km for
cyclones with well-defined eyes and close to grid-fixing geographic features and 76 km for poorly defined cyclones away
from geography.
Holland (1981) estimated the likely error of position estimates
based solely on surface observations by means of a case study
utilizing several analysts and a relatively dense set of observations around Tropical Cyclone Kerry (1979). That nonoperational study indicated that when surface observations alone
are used mean errors can exceed 200 km and will be typically
around 100 km. When surface data are used in conjunction
with other data, and/or accurate knowledge of immediate past
positions, these errors should be significantly reduced. This is
shown by the TOPEX experience where errors from surface
observations varied from 40 km to 80 km, depending on the
analysis technique used.
A note of caution is necessary in the interpretation of any
verification figures, as they all depend on the best track for
ground truth. Bell (1980), however, has demonstrated that even
with regular reconnaissance, radar, and satellite data the best
track itself has a large uncertainty. Bell found the mean differences between published best-track locations from Guam,
Japan, and Hong Kong for the same cyclones over a five-year
period were between 40 km and 50 km with standard deviations
of the same magnitude.

FIG. 2. Average position error over the North West Atlantic basin for
each year, 1967-1977 (Neumann, 1977).

FIG. 3. Errors in 12 hour position forecasts for the Australian region
over the period 1973 to 1985.
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6. Forecasting of cyclone position
(movement forecasts)

a. Techniques
Correspondents unanimously indicated that prediction of cyclone position was their most important forecasting function.
This is also evident from the large number of techniques that
have been developed to carry out this function. Following Neumann (1977), Hope and Neumann (1977), Bureau of Meteorology (1978), Neumann and Pelissier (1981), Anthes (1982),
JTWC (1984), and Elsberry and Peak (1986), these movement
techniques are categorized as follows:
Type-A, Subjective: This includes synoptic reasoning, evaluation of expected changes in the large-scale surrounding flow
fields and subjective evaluation of the cyclone's steering current.
Type-B, Simple semi-objective: Forecasts based on persistence,
persistence of acceleration, and simple climatological forecasts
based on long-term mean movements at that location and time
of year.
Type-C, Satellite semi-objective: Forecasts based on the geometric arrangement of the satellite observed feeder bands. Examples are the techniques of Fett and Brand (1975) and Lajoie
(1976a, b).
Type-D, Objective analogue forecasts: A number of designated
characteristics of an existing cyclone, such as latitude, longitude, date, intensity, past motion, etc., are compared objectively to those of all previous cyclones to select one or more
analogues. The forecast movement is then derived from that
of the envelope of tracks of the analogues.
Type-E, Objective steering current: The cyclone's steering current is determined objectively from analyzed winds at specified
points and levels surrounding the system. The actual forecast
can be based on simple advection, regression, or advection and
propagation incorporating linear interactions between the vortex
and the background absolute vorticity (Holland, 1984).
TABLE

Types F to /, Statistical (regression-based) techniques:
Type-F, Statistical: Regresson utilizing predictors derived
from climatology and persistence.
Type-G, Statistical synoptic: Regression including current
synoptic data among the predictors.
Type-H, Statistical dynamic: Regression including numerically forecast data among the predictors.
Type-I, Statistical synoptic dynamic: Regression including
both current synoptic and numerically forecast data among
the predictors.
Type-J, Dynamical barotropic
Type-K, Dynamical primitive equation
Type-L, Empirical: The example given is an empirical relation
used by the Guam office between upper-tropospheric wind
fields and acceleration associated with the cyclone's interaction
with the midlatitude westerlies.
The types of technique used in each office are summarized
in Table 6. All offices use the subjective techniques listed under
types A and B. Of these methods the most commonly mentioned
was persistence followed by climatology, the subjective use of
analogues, and subjective steering determination. Statistical
techniques are in use in most offices and are almost universally
modifications of those developed by C. J. Neumann and collaborators at the National Hurricane Center, Miami. By contrast, dynamical forecast models are currently in operational
use only in Japan, Miami, and Guam. Many offices use several
techniques of any particular type. For example, Guam runs two
programs of type-F (titled TPAC and CLIPER), two of typeE (CY50, CY70), and two type-K dynamical models (OTCM,
NTCM).
Five offices routinely verify their official forecasts and the
results are shown in Table 7. From the research literature (e.g.
Neumann and Pelissier, 1981; Elsberry and Peak, 1986) it is
known that movement forecasts are adversely affected by 1)
errors in initial location of the cyclone, 2) sparsity of the surrounding data network, and 3) the Forecast Difficulty Level
(FDL) (Neumann, 1981; Pike 1985b). Consistent with factors
1 and 2, Table 7 reveals the basins without air reconnaissance

6. Techniques used operationally to forecast cyclone position in the different offices. For detailed description see section 6 of the text.

Office

Japan
Hong Kong
Philippines
Miami
India
Brisbane
Fiji
Reunion
Mauritius
Mozambique
Madagascar
Darwin
Guam

Techniques
A
X
X
X
X
X
X
X
X
X
X
X
X
X

Subjective
B
c
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Analogue
D

Steering
E
X

X
X
X

X

X
X

X
X

F
X
X
X
X
X

X

Statistical
H
G
X
X
X
X
X

X

X

I
X

Dynamical
K
J
X
X
X
X

X

Empirical
L

X

Unauthenticated | Downloaded 01/09/23 05:23 AM UTC

Bulletin American Meteorological Society

1237

(i.e. the Australian and Indian ocean regions) have the leastaccurate forecasts at 12 and 24 hours.
The FDL of an ocean basin is defined as the mean forecast
error obtained from a persistence and climatology regression
model (titled CLIPER) run on best-track data. CLIPER forecasts for each basin are shown on the lower section of Table
7. By this measure it is seen that the North Indian Ocean region
is the easiest to forecast and the Australian region is the most
difficult. This may account for the North Indian Ocean having
comparable errors at 48 and 72 hours to the relatively data-rich
North Pacific and Atlantic oceans.
It is also noteworthy in Table 7 that no office has forecast
errors significantly smaller than those listed for the CLIPER
model.
The relative performance of the various techniques has been
discussed in the literature (e.g. the references listed at the
beginning of section 6a), and is dependent on many factors,
including latitude, magnitude of initial-position error, length
of forecast, and density of observations around the cyclone.
No attempt is made here to summarize this extensive work and
the reader is referred to the relevant papers for further details.
At all offices the final forecast is based on a combination of
the results of the techniques available, the relative weights being
based on forecaster experience and on the known performance
characteristics of the various models in different synoptic situations.
7. Summary

The main findings of this study are
1) Formation and intensity forecasting are almost entirely
subjective. Position forecasts are carried out by a variety
of objective techniques, though subjective evaluation and
forecaster experience still play a major role, even in offices with the most sophisticated dynamical techniques
at their disposal.
2) There is surprisingly little verification of formation and
intensity forecasts. For formation, there is no information
available beyond 24 hours and there is considerable disagreement between offices on the ability to forecast on
shorter periods. From the few statistics available, intensity analyses appear to have a mean error of around 3
m • s in regions with air reconnaissance and 8 m • s
in other regions. For intensity forecasts there is no evidence of any skill beyond that obtainable from the objective application of climatology and persistence.
3) The analysis and forecasting of position is verified more
extensively than that of formation and intensity; but less
than half of the offices surveyed carry out routine verifications. The verifications indicate that position-analysis
errors are of the order of 35 km for offices with routine
access to air reconnaissance data and approximately 70
km for other (viz. the Australian) offices. It is noteworthy
that the variability of different best tracks for the same
cyclone is around 40 km.
4) Operational position-forecast errors are between 200 and
270 km at 24 hours; 400-480 km at 48 hours; and 580710 km at 72 hours. No office has position forecast errors
significantly smaller than those obtainable from (besttrack) CLIPER forecasts.
_1

-1

TABLE 7. Mean displacement errors of operational tropicalcyclone forecasts. For comparison, type-F forecasts run off besttrack data are shown. This is discussed in section 6.

Tropical cyclone movement forecast errors (km)
Forecast Period (Hrs)
12

24

48

North West Pacific Region
Hong Kong
(1980-1984)
200
424
Philippines
(1980-1984)
122
222
Guam 1970-74
208
397
Guam 1975-80
242
481
Guam 1980-84
221
442
North West Atlantic region
Miami (1976-85)
111
226
465
Australian region
Brisbane-Darwin-Perth
(1970-79, reported
by Keenan, 1982)
150
263
North Indian Ocean region
443
Guam 1975-80
255
394
Guam 1980-84
234
For comparison: Errors from Type-F model (CLIPER)
(Reported by Pike, 1985b)
North West Pacific
North West Atlantic
Australia-S. W. Pacific
North Indian Ocean

183
209
241
117

417
463
504
230

72

585
712
679
693

701

632
680
728
328

5) Aircraft reconnaissance is the most accurate and unambiguous method for determining cyclone position and intensity. Radar provides the next most accurate method
for determining position. There is also evidence that satellite observations have had a major impact on the accuracy of position analyses.
6) All forecast offices make extensive use of surface synoptic
patterns for the analysis of cyclone position and intensity
as well as for the forecasting of formation. The
surface-data based techniques used vary widely from office to office. These techniques are mainly subjective and
have apparently undergone very little verification.
7) Analysis and forecasting of formation and intensity from
satellite data almost universally follows the methods of
V. Dvorak. Dvorak's methodology is widely used also in
analysis of position. Despite its widespread use, however,
there has been very little objective verification of the
Dvorak technique.
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