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INTRODUCTION

This is the Twelfth report of an annual series prepared by the
National Hurricane Center (NHC) to provide a source of summarized data
on Atlantic tropical cyclones. It will not duplicate the narrative
overview of the hurricane season or the description of individual
storms, which will continue to be published in the Monthly Weather
Review. In addition to data supplied by the National Weather Service,
materials have been furnished by the NOAA Tropical Satellite and
Analysis Center of NHC, and the CARCAH (Chief Aerial Reconnaissance
Coordination, all Hurricanes). This report also includes Probability
Forecasts issued with advisories on landfalling United States tropical
storms and hurricanes (Appendix B).

OBJECTIVE FORECAST TECHNIQUES

The following tropical cyclone prediction models were used at the
National Hurricane Center for forecasting motion on an operational
basis:

1. NHC-67 (Miller, Hill, Chase, 1968). A stepwise screening
regression model using predictors derived from the current and
24-hour old 1000, 700, and 500 mb data, including persistence
during the early forecast periods.

2. SANBAR (Sanders and Burpee, 1968). A filtered barotropic model
using input data derived from the 1000 to 100 mb pressure
weighted winds. The model requires .use of "bogus" data in
data-void areas. The system was modified by Pike (1972) so
that the initial wind field near the storm would conform to the
current storm motion.

3. HURRAN (Hope and Neumann, 1970). An analog system using as a
data base the tracks of all Atlantic tropical storms and hurri-
canes dating back to 1886.

4. CLIPER (Neumann, 1972). Stepwise multiple screening regression
using the predictors derived from climatology and persistence.

5. NHC-72 (Neumann, Hope, Miller, 1972). A modified stepwise
multiple screening regression system which combines the NHC-67
concept and CLIPER system into a single model.

6. NHC-73 (Neumann and Lawrence, 1973). Similar in concept to the
NHC-72 except it also uses the “perfect prog" and MOS (model
output statistics) methods to introduce NMC (National
Meteorological Center) numerical prognostic data into the pre-
diction equations.

7. NMC MFM MODEL (Hovermale, 1975). A ten-level baroclinic model
which uses a moving fine mesh (MFM) grid nested within the
coarser NMC fixed grid primitive equation (PE) model.




In addition, operational forecasts of tropical cyclone intensity
changes in knots at 12-hourly intervals out to 72 hours are generated by
a program named SHIFOR (Statistical Hurricane Intensity Forcasts).
Generation of the forecast™ equations was done by multiple ~screening
regression techniques using historical tropical cyclone data as input.
Results over the past several years have shown that SHIFOR and official
intensity forecasts have comparable skill scores.

The National Hurricane Center uses the above models as guidance in
the formulation of its forecasts. The hurricane forecaster also makes
extensive use of analyses and prognoses produced by NMC and TSAC
(Tropical Satellite and Analysis Center) in Miami.

VERIFICATION

Verification statistics for the 1985 season are shown in Table 1.
The initial position error in Table 1 is the difference between the
operational initial position and that determined during post analysis
(best track position). The forecast displacement error is the vector
difference between the forecast displacement and the actual displacment
computed from best-track positions. Landfall prediction errors for the
official forecasts are given in Tables 2a and 2b. These are defined as
the distance from the predicted landfall point, made 24 hours prior to
actual Tlandfall, to the actual landfall point. In cases where a storm
either crossed an island or made landfall when predicted to remain
offshore, the error was designated as the distance from the landfall
point to the nearest point on the forecast track.

Tropical cyclone warning lead times for United States landfalling
storms are given in Table 3a. A summary of warning lead times 1970-1985
for hurricanes only and for both tropical storms and hurricanes is given
in Table 3b. The length of time between the issuance of the warnings
and the time that the center crossed the coast, as determined from the
"best track", was taken as the warning lead time. As more complete
discussion of the verification of tropical cyclone warning lead times,
as well as verifications for individual storms from 1970-1977, can be
found in 1977 Annual Data and Verification Tabulation (Lawrence, Hebert,
and Staff, 1979).

DATA SUMMARIES

A summary of 1985 North Atlantic tropical cyclone statistics is
given in Table 4. Tracks of 1985 named storms are shown in Figure 1.

The best track, initial, and forecast positions for the 1985 storms
are in Table 5, along with initial position and forecast errors, and
storm average errors.

Table 6 lists all center fix positions and intensity evaluations used
operationally at the National Hurricane Center during the 1985 season.
Fixes are 1in chronological order, and include those obtained by aerial
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reconnaissance penetrations, satellite (Miami TSAC), and land-based radar.
The legend precedes the initial table.

Supplementary Vortex Data Messages which replaced Vortex Profiles
in the 1977 Annual Data Tablulation are given in Table 7. A diagram of the
paths flown in obtaining these Data Messages is given in Figure 2. The
symbolic code for interpreting the Data Messages is given in Appendix A.

Table 8 is an aerial reconnaissance summary for the 1985 season.

Graphs of the lowest central pressure versus time for the 1985 named
tropical cyclones are shown in Figure 4.

Table 9 gives the probability forecasts issued for the 1985 land-
falling United States storms and hurricanes.

ACKNOWLEDGEMENTS

Main contributors were: Mr., Miles Lawrence, who computed the
verification statistics; Ms. Joan David, who drafted the track chart and
pressure/time graphs; and Mrs. Pamela Johnson, who typed the manuscript.




REFERENCES

Hope, J. R., and C. J. Neumann, 1970: "An Operational Technique for Relating

the Movement of Existing Tropical Cyclones to Past Tracks," Monthly
Weather Review, Vol. 98, No. 23, pp. 925-933.

Hovermale, J. B., and R. E. Livezey, 1977: "Three-Year Performance
Characteristics of the NMC Hurricane Model," Preprints 11th Technical
Conference on Hurricanes and Tropical Meteorology, Miami Beach, Amer.
Meteor. Soc., pp. 122-125.

Lawrence, M. B., P. J. Hebert, and Staff, NHC, 1979: "Annual Data and
Verification Tabulation Atlantic Tropical Cyclones, 1977," NOAA
Technical Memorandum NWS NHC-8, 46 pp.

Miller, B. I., E. C. Hill and P. P. Chase, 1968: ‘“Revised Technique for
Forecasting Hurricane Motion by Statistical Methods," Monthly
Weather Review, Vol. 96, No. 8, pp. 540-548.

Neumann, C. J., 1972: "An Alternative to the HURRAN Tropical Cyclone Forecast
System," NOAA Technical Memorandum NWS SR-62, 24 pp.

Neumann, C. J., J. R. Hope and B. I. Miller, 1972: *“A Statistical Method of

Combining Synoptic and Empirical Tropical Cyclone Prediction Systems,"

NOAA Technical Memorandum NWS SR-63, 32 pp.

Neumann, C. J., and M. B. Lawrence, 1973: "Statistical-Dynamical Prediction of

Tropical Cyclone Motion (NHC-73), "NOAA Technical Memorandum NWS SR-69,

34 pp.

Neumann, C. J., 1979: "A Guide to Atlantic and Eastern Pacific Models for the
Prediction of Tropical Cyclone Motion," NOAA Technical Memorandum NWS
NHC-11, 26 pp.

Pike, A. C., 1972: "Improved Barotropic Hurricane Track Predition by Adjustment
of the Initial Wind Field, "NOAA Technical Memorandum NWS SR-66, 16 pp.

Sanders, F., and R, W. Burpee, 1968: "Experiments in Barotropic Hurricane Track

Forecasting," Journal of Applied Meteorology, Vol. 7, No. 3,
pp. 313-323.

Carter, T. Michael, 1983: "Probability of Hurricane/Tropical Storm Conditions:
A User's Guide for Local Decision Makers," NOAA National Weather
Service Headquarters, 25 pp.

1T




LIST OF FIGURES, TABLES, AND APPENDICES

Figure 1.  Tracks of 1985 tropical cyclones.

Figure 2a. Flight pattern "A" flown in obtaining Supplementary Vortex Data
Messages.

Figure 2b. Flight Pattern "A" (modified) flown in obtaining Supplementary
Vortex Data Messages.

Figure 3. Lowest pressure vs. time, 1985 tropical cyclones.
Figure 4. Daily satellite photographs of 1985 tropical cyclones.

) Table 1. Verification of 1985 tropical storm and hurricane forecasts.
- Figures in parentheses are the number of cases.

Table 2a. Landfall prediction errors for 1985 tropical storms and hurricanes.

Table 2b. Sixteen-year summary of errors in the prediction of the point of
landfall of Atlantic tropical storms and hurricanes during the
period 1970-1985.

Table 3a. Warning lead times for 1985 landfalling United States tropical
storms and hurricanes.

Table 3b.  Summary of warning lead time for hurricanes only and all tropical
cyclones for the period 1970-1985. _

Table 4. Summary of 1985 tropical cyclone statistics.

Table 5. Best track, initial and forecast positions, initial position error
and forecast errors for 1985 tropical cyclones.

Table 6. Center fix positions and intensity evaluations for 1985 cyclones.
Table 7. Supplementary Vortex Data Messages, 1985 Atlantic tropical cyclones.
Appendix A. Code for Supplementary Vortex Data Messages of Table 7.

a Table 8.  Tropical cyclone reconnaissance summary for 1985 hurricane season.

Table 9. Probability Forecasts issued for 1985 landfalling United States
Tropical Storms and Hurricanes. ’

]

NOAA Technical Memorandum NWS NHC




B bdh: NG Mot bk ik

125 120 118" 110" - 1_04:7 100 [T %0~ v o r 73 53¢ so* LT ﬁ- 2 T
. 1985 7 NATIONAL HURRICANE CENTER
Bl s st 819 e ATLANTIC - CARIBBEAN-GULF OF MEXICO-HURRICANE TRACK
o 2 H 808 JuL 2i-26 ) ) " " D ]~ T -

Doh b menm |/ / < ~

Pon Gom  serere -

s T e ocrorm /

‘ﬁ : :::: 0CT 26-NOV 1 /

HURRICANE

“x

20m}

TROPICAL STORM
ST SUBTROPICAL SYORM

NOV 15-23 N
:l; \{

STANDAND MARACLELS AT 30° ARD 60°
SCALE OF mAUTICAL wILES
o 10 300 300 400

LAMBERT CONPORMAL CORIC PROJECTION

300

TACONG T SHOR

L

e
3

30" WAP 10155 1 ae

Figure 1.

Tracks of the 1985 tropical cyclones.
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Figure 3. Lowest pressure vs time, 1985 tropical cyclones.
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Figure 3 continued.
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Table 1. Verification of 1985 tropical storm and hurricane forecasts.

forecast period (hours)

mode]l initial 12 24 48 72
Official 17 50 104 217 331
(no. of cases) (175) (173) (150) (105) (68)
NHC67 16 52 116 256 449
(166) (166) (146) (106) (72)

NHC72 17 56 128 279 406
(176) (174) (150) (110) (77)

HURRAN 19 51 113 221 268
(67) (65) (53) (39) (31)

CLIPER 17 55 125 275 416
(176) (174) (150) (110) (77)

NHC73 16 51 110 257 473
(77) (77) (68) (48) (31)

SANBAR 16 50 108 256 400
(75) (75) (62) (42) (27)

MFM 10 62 88 140 210
(53) (53) (48) (34) (21)

NHC83 50 93 195 296
(147) (126) (89) (61)
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Table 2a. Landfall prediction errors for 1985 tropical storms and hurricanes.

Following is a list of landfall prediction errors for tropical storms and

hurricanes during 1985. each error represents the distance (in nautical miles)

from the predicted landfall point determined from the "Official" forecast issued

24 hours prior to the actual landfall pointdetermined from the Best Track. Only
tropical storms and hurricanes are included. In some cases the storm crossed an

island when predicted to pass offshore. In such cases the perpendicular

distance from the landfall point to the forecast track is taken as the landfall .
prediction error. :

Category Date/Time(Z) Landfall
at of Forecast -

Storm Name Landfall Landfall Error (n.m.) Location and remarks
Bob Hurricane 7/25/0300Z 60 Near Beaufort, S C.
Danny Hurricane 8/15/1630Z 60 Lake Charles, La.
Elena Hurricane 9/02/1300Z 100 Near Biloxi, Ms.
Gloria Hurricane 9/27/1600Z 120 Western Long Island, NY.
Henri Tropical Storm  9/24/2100Z 60 — Eastern Long Island, NY.
Isabel Tropical Storm 10/10/2100Z 60 New Brunswick, Ga.
Juan Hurricane 10/29/12002 200 Morgan City, La.
Kate Hurricane 11/21/22302 25 Mexico Beach, F1.

Table 2b. Sixteen-year summary of errors in the prediction of the points of
Atlantic tropical storms and hurricanes during the period of 1970-1985.

United States Landfalls A1l Landfalls

1985 Mean 24 Hour Landfall Prediction 86 86
Error (number of cases) (08) (08) .
16 year average 1970-1985 54 56

(33) (68)
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Table 3a. Tropical cyclone warning lead time of 1985 United States landfalling tropical storms and hurricanes.

Category at Date/Time (Z)

Type and Time (Z) of Warnings

Warning Lead

Storm Name Landfall of Landfall Location of Landfall Issued for Point of Landfall Time (hours)
ANA (No U.S. Landfall)
BOB Tropical Storm  7/23/161 Near Naples, F1. Gale Warnings, Florida Keys from Craig 18
Key westward and the southwest Florida
coast from Flamingo to Venice 7/22/221.
Tropical Storm 7/24/00Z Near Vero Beach, FI. Gale Warnings Cape Canaveral, Fl. to 8
(moved offshore) Craig Key, 7/23/16L.
Hurricane 7/25/032 Near Beaufort, SC. Gale Warnings north of Cape Canaveral, 17
to St. Augustine, F1., 7/24/10Z.
Gale Warnings, Savannah,Ga. to Little 11
River Inlet, SC., 7/24/161.
Hurricane Warnings, Savannah,Ga. to 5
Little River Inlet, SC., 7/24/221.
Gale Warnings, North of Savannah,Ga. to after
Cape Fear,NC., 7/25/10Z. landfall
Z CLAUDETTE (No U.S. Landfall)
DANNY Hurricane 8/15/16Z Near Pecan Island, La. Gale Warnings east of Port Arthur,Tx. 42
to Mobile,Al., 8/13/221.
Gale Warnings, Port Arthur to Port 24
Aransas, Tx., 8/14/161.
Hurricane Warnings, Port Arthur,Tx. to 18
mouth of the Mississippi River, 8/14/221.
Gale Warnings, east of the mouth of the 12
Mississippi River to Pensacola, 8/15/04Z.
ELENA Hurricane 9/02/131 Near Biloxi, Ms. Gale Warnings, Florida Keys south of passed
Craig Key to Dry Tortugas, 8/28/191. offshore
Hurricane Warnings, Morgan City,La. to 9%
. Pensacola, F1., 8/29/131.
Hurricane Warnings, east of Pensacola 81

to Apalachicola, F1., 8/30/04Z.




Table 3a continued.

FABIAN

GLORIA

g1

HENRI

ISABEL

JUAN

(No U.S. Landfall)
Hurricane 9/27/051
Hurricane 9/27/16Z

Tropical Storm  9/24/211

Tropical Storm 10/10/20Z

Hurricane 10/29/121

Cape Hatteras, NC.
Long Island, NY.

Long Island, NY.

Near Florida/Georgia
border.

Near Morgan City, La.

Hurricane Warnings, east of Apalachicola
to Tarpon Springs, F1., 8/30/22Z.

Gale Warnings, south of Tarpon Springs

to Venice,F1.,8/30/222.

Hurricane Warnings, south of Tarpon
Springs to Sarasota, F1., 8/31/04Z.

Gale Warnings, south of Venice to Fort
Myers, F1., 8/31/04%Z.

Hurricane Warnings, west of Apalachicola,
F1. to Bay St. Louis, Ms., 9/01/181%.

Gale Warnings, west of Bay St. Louis, Ms.
to the Mississippi River., 9/01/22Z.

Hurricane Warnings, west of the
Mississippi River to Grande Isle, La.,
including New Orleans, 9/02/00Z.

Hurricane Warnings, Cape Romain, SC. to
Cape Henry, Va., 9/26/10Z.

Hurricane Warnings, north of Cape Henry,
Va. to Plymouth, Ma., 9/26/22z.
Hurricane Warnings, north of Plymouth to
Merrimack River, Ma., 9/27/041.
Hurricane Warnings, north of Merrimack
River, Ma. to East Port, Me., 9/27/141.

Gale Warnings, Virginia Beach, Va. to
Cape Henlopen, De., 9/23/121.

Gale Warnings, north of Cape Henlopen,
De. to Cape Cod, Ma., 9/23/161Z.

Gale WArnings, Cape Canaveral,Fl. to
Savannah, Ga., 10/10/01Z.

Gale Warnings, Gulfport, Ms. to Port
Arthur,Tx., 10/27/10Z.

Hurricane Warnings, east of Port Arthur,
Tx. to Mobile, Al., 10/27/201.

19
18
12

33
29

20

50
40
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Table 3a continued.

Tropical Storm 10/31/181

KATE Hurricane 11/21/222

Near Pensacola, F1.

Mexico Beach, F1.

Gale Warnings, Port 0'Connor to Port
Arthur, Tx., 10/27/20Z.

Gale Warnings, east of Mobile, Al. to
Apalachicola, F1., 10/27/201.

Gale Warnings, south of Port 0'Connor
to Brownsville, Tx., 10/28/161Z.

Hurricane Warnings, east of the mouth
of the Mississippi River to Mobile,
Al., 10/29/10zZ.

Gale Warnings, south of Apalachicola to
Fort Myers, F1., 10/31/13Z.

Gale Warnings, Jupiter Inlet southward
through the Florida Keys to Dry
Tortugas, 11/18/161Z.

Hurricane Warnings, Jupiter Inlet
southward through the Florida Keys
to Dry Tortugas and northward along
the Florida west coast to Fort Myers.,
11/18/21z.

Hurricane Warnings, Bay St. Louis, Ms.
to St. Marks, Fl1., 11/20/22Z.

Gale Warnings, west of Bay St. Louis, Ms.
to Grand Isle, La. and east of St. Marks

to Cedar Key, F1., 11/20/221.

40
40
20

passed
offshore

passed
offshore

24

Table 3b. Average warning lead times for all tropical storms and hurricanes and for hurricanes alone, which made landfall
on the mainland of the United States during 1985 and during the 16 year period of 1970-1985.

A1l Tropical Storms

and Hurricanes

A1l Hurricanes

1985 1970-1985 1985 1970-1985
Average Lead Time(hours) 35 26 29
(number of cases) (8) (39) (19)




