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Technical Note No. 49 of September 1969. It includes a 

This Technical Note is intended to replace the FNWC 

summary of all development work done to date at FNWC on the 

Long Range Forecast Model. The paper has been written in 

such a way as to be useful in both understanding the mech¬ 

anics of the model and in the interpretation of the products. 

In this respect the publication is also a users guide to the 

analog products. 
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ABSTRACT 

Naval forces have two principle requirements for long- 

range weather forecasts: (1) to protect ships in transit, and 

(2) to aid in operational planning. Since the state-of-the- 

art precludes adequate dynamic model forecasts beyond a few 

days, a synoptic climatology approach has been developed for 

longer ranges. To produce a hemispheric long-range forecast, 

a CDC 6500 computer searches Fleet Numerical Weather Central's 

28-year data base at two levels (500 and lOOOmb) to find 

synoptic situations most closely resembling current weather 

patterns. The 40 best matches (or analogs) are then subjected 

to a 10-day history check to eliminate criss-crossing or 

unseasonal historical weather sequences. At least 20 analogs 

remain, and the ten best of these are averaged point by point 

over the Northern Hemisphere to produce a composite initial 

analog match. This average composite is then projected out 

ten days yielding hemispheric forecasts of large-scale features 

and trends (e.g., blocks, long-waves, stormtracks). Additional 

products include sea condition probabilities, a list of Best 

Analog Dates, and Terminal Probability Forecasts for selected 

Naval Installations. Four years of statistical verification 

have consistently demonstrated skill over persistence beyond 

two days, with skill over climatology out to six to seven days 

prior to 1973 and out to 8 days or more since then. 
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1.0 INTRODUCTION 

Modern military operations require long-range planning. 

Environmental conditions are a major consideration in such 

planning. Historically, these conditions were described 

through the use of climatological atlases. Developments in 

recent years have required more detailed long-range forecasts 

than climatology can provide. 

Most efforts in long-range forecasting have concentrated 

on dynamical or climatological/statistical approaches. Dy¬ 

namic forecast models, including the Fleet Numerical Weather 

Central baroclinie multi-layer primitive equation models, do 

not show skill beyond a few days. The large data voids over 

the ocean areas often preclude a sufficiently accurate spe¬ 

cification of the initial analysis. A successful dynamic 

solution of the initial value problem which currently limits 

short range forecasts appears to be several years into the 

future. In the interpretation of large-scale flow patterns, 

statistical approaches to prediction of weather parameters 

(e.g., conditional probabilities) have been useful, especially 

in the very long-range forecast periods of 15 days or more. 

Neither the climatological/statistical nor dynamic approaches 

provide for the critical 3 to 15 day forecast period. 

Elliot (1) described a weather typing method used in 

forecasting for military operations during World War II. 

Several years ago Fleet Numerical Weather Central (FNWC) turned 

to a synoptic climatology (i.e., historical analog) approach to 

forecasts beyond a few days. Recent efforts by FNWC include 

developments by Wolff and Woodworth (2), Wolff and Thormeyer 

(3) and Thormeyer (4). Considerable experimentation has been 

carried out by private and government meteorologists in the 

United States and abroad [Hartranft, Restivo and Sabin (5), 

Elliot (6), White and Palson (7), Hofmann (8), Lund (9), 

Lorenz (10) and Augulis (11)]. 
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2.0 PHILOSOPHY BEHIND SYNOPTIC CLIMATOLOGY FORECAST TECHNIQUES 

Use of synoptic climatology methods in long-range fore¬ 

casting is based upon the following assumption: if weather 

sequences in past history can be found which closely match 

the current sequence, the same dynamic interactions (even 

though these interactions are not fully understood) which 

took place then are apparently also taking place at the present 

time. Further, it is assumed that since the end results were 

essentially the same, the series will persist long enough to 

serve as a medium and long-range forecasting tool. The 

validity of this assumption depends on many factors - quality 

of initial match, specific synoptic pattern in question 

(common or unique), amount of meridional flow, etc. If 

analog forecasts can be shown to be more skillful than random 

chance, climatology or persistence, then there must exist a 

dynamic relationship within the analog selection technique to 

whatever is predicted. This philosophy is applied subjectively 

by experienced forecasters through the use of "recall" (using 

their mental catalog of analogous patterns) to make current 

forecasts. 

FNWC has developed and tested several analog models. 

The most successful model, developed by Hanna (15), has been 

utilised operationally since July, 1970. The present effort 

differs from previous methods in the following ways: 

(1) The selection of analogs is totally automated; no 

human judgement enters into the process. 

(2) The availability of advanced high-speed digital 

computers allows a rapid and comprehensive search of a large 

data base. 

I (3) use of two levels considers the thermal structure, 

thus sharpening the selection process. 

« (4) The synoptic data base is more extensive than any 

previously used and encompasses possible cyclic effects 

through a double sunspot (22-year) cycle. 
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(5) Use of a pattern separation technique [Hoil (12), 

Thormeyer (13)Î improves the selection procedure by separating 

large and small-scale disturbances. 



3.0 THE HISTORICAL DATA BANK 

The analog technique requires finding a nearly perfect 

match. Since an ideal homogeneous data bank of several hun¬ 

dred years' duration is unattainable, FNWC endeavored to 

acquire a maximum data base. The result is a set of Northern 

Hemisphere surface and 500 mb analyses from 1946 to the 

present. The aarlier years of this data base were acquired 

from several different sources (14) while FNWC analyses have 

been used since 1962. All of the non-FNWC data has been re 

analyzed in a manner approximating the current objective 

numerical analysis scheme. Although this does not ach ,e 

absolute homogeneity, it insures continuity from ma map 

and improves the vertical consistency of analyses from earlier 

years. This data base is being continually updated by FNWC's 

Climatology Department. 

From this start, lOOOmb contour and 500 - 1000 mb thick¬ 

ness fields were generated. FNWC's pattern separation technique 

(12) was then applied to acquire large and small scale distur¬ 

bance fields at 500 and 1000 mb. This technique, applicable 

to any continuous field, objectively divides the total flow 

into large (SL) and small(SD) scale disturbance fields and a 

thermally-driven planetary vortex (SV). The SV plus the SL 

yield the residual field (SR) which, at 500 mb, depicts the 

long wave pattern. Since the SV is a measure of the zonal 

wind strength, the large and small scale features, when 

isolated, are essentially undiluted by the zonal component 

of the total flow. 

5 



4.0 DEVELOPMENT OF THE MODEL 

4.1 The Single Analog Approach (Past) 

From its inception in March 1969 until July 1970, 

the operational forecast model was based on the concept of 

isol ting one best historical analog although a near-perfect 

match could not always be found. Throughout the hemisphere, 

the best correlations of large-scale features with those of 

the current chart averaged from 0.70 to 0.75 and rarely 

exceeded 0.85, except at 1000 mb in the summer when correla¬ 

tions were routinely in the 0.90 to 0.95 range. With such 

poor initial specification, it was not surprising that the 

single analog model showed only occasional skill over climat¬ 

ology and persistence, regardless of the selection method 

used. 

4.2 The Composite Analog Approach (Present) 

It was determined that when ten hemispheric fields 

ara averaged together gridpoint for gridpoint, thus forming a 

composite analog, the correlation of this new analog is 

always higher than that of any of the ten individual components. 

Further, the composite looked more like the current chart 

than did any of the individual charts. Composite correlations 

have routinely been 0.10 to 0.20 greater than the highest 

individual correlation included in the composite. Initial 

large scale composite correlations in winter and summer 

reach 0.95 or greater in one or more sectors (see section 5.2.1) 

and often exceed 0.90 across the hemisphere. However, in the 

transition seasons they drop to as low as 0.75. 

In developing this technique, Hanna (15) points out that 

if one considers the analog approach as a crude application 

of Time-Series Analysis and Prediction, powerful statistical 

techniques can be applied. If the entire past of a dynamical 

system is known, then nothing is gained by knowing the dynamics 

as well. Strictly speaking, a direct application of the 

6 
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time-series apprrach wo^ld be to relate today's weather 

pattern with the entire available past at every point in the 

hemisphere, thue, producing prediction coefficients. Although 

the multiple time-series problem has essentially been solved 

theoretically, a tremendous effort is required to apply it 

directly to meteorological prediction. The evolution of the 

composite analog technique attempts to approximate a strict 

application of the multiple time-series prediction. 

There are three major steps involved in the compu¬ 

tation of the composite long-range forecast: (1) selection 

of the initial analog candidates making up the composite, (2) 

a history check to eliminate unseasonal and non-parallel 

patterns, and (3) construction of the composite itself. 

Figure 1 is a flow diagram of the current composite model. 

4.2.1 The Initial Date Selection. All years in 

the data base are searched + 30 days from the current calendar 

date (ignoring out-of-season months) for the following four 

parameters: 

SL 500 Large-scale disturbance field at 500 mb 

SL 1000 Large-scale disturbance field at 1000 mb 

D 500 500 mb height field 

D 1000 1000 mb height field 

Hemispheric correlations between the historical charts and 

current charts are computed using all grid points north of 

20N (approximately 1500) according to the standard equation 

r = /&X - g) (y - V) , (1) 
'/¿(x - it)* *(y - rr2 

where r is the correlation coefficient, and x and y are 

corresponding gridpoints on the current and historical data 

fields being correlated. Note that since the 500 and 1000 mb 

height fields include both large and small scale disturbances, 

the large-scale features are weighted about three to one over 

7 



the small-scale in the selection procedure. Some 1680 indi¬ 

vidual correlations for each of the four parameters are available 

at this point; chese are normalized (Equation 2) and averaged 

over the four parameters for each historical date. 

In this equation, r is the correlation value of a specific 

chart with the current data, f is the mean of all 1680 corre¬ 

lations for that parameter, and o-is the standard deviation of 

the 1680 correlations for that parameter. The principal function 

of normalizing is to place the correlations of all four parame¬ 

ters on an equal basis. The normalized values for all four 

parameters from the same historical date are averaged together, 

yielding one correlation (N) for each date. These 1680 normal¬ 

ized and averaged correlations are then ranked, with the best 

40 selected as candidates. A typical range in the value of N 

is from about 2.30 for the highest candidate to about 1.50 for 

the 40th. A perfect match is near 4.00. Other selection 

techniques that have been tried in the past are discussed 

briefly in Appendix A. 

4.2.2 The History Check, in an attempt to eliminate 

unseasonai and non-parallel weather patterns (which have 

evolved differently yet correlate well with current charts), a 

gross 10-day history check is made. The history of each of the 

40 candidates is correlated with the history of the base date 

(Do-1 to Do“5' and V6 to Do"10) • The history check insists 
that the Do-l to Do-5 average be no less than the D value 

minus 1.25, and that the Do-6 to Do-10 average be no less than 

the Do value minus 2.50. If these criteria are met, the candi¬ 

date remains eligible for inclusion in the composite. Normally, 

25 to 30 of the original 40 dates survive the history check. 

To ensure enough dates ior the composite formation, at least 20 

dates must remain after the history check, if necessary, the 

1.25/2.50 limits are expended (at increments of 0.125/0.250) 

until the 20 dates are obtained. Recent comparison of the 

history check against a no-history check indicates the history 

check provides little or no additional skill. 

8 



spsin 

4*2.3 Final Selection and Composite Formation. 

From the dates which pass the history chsck the ten with the 

highest Do normalized averages are selected for the composite. 

These 10 dates are then averaged together for each desired 

parameter thus generating a standard FNW! Northern Hemispheric 

63 X 63 field (16). This field becomes the initial match. 

Daily forecasts are produced by adding 24 hours to each of 

the historical dates making up the composite, and averaging 

these new dates for each additional day's forecast desired. 

Forecasts are generated from zero to 18 days at one-day 

intervals; however, routine dissemination is limited to 10- 

12 days due to a lack of skill beyond that time frame. 

The relative success of the composite approach can 

be explained physically by the fact that, most individual 

analogs show phase errors in ore section of the globe or 

another. Further, on a given day, the bulk of the sector 

phase errors (among the 40 analog candidates) tend to be in 

the same portion of the globe. By averaging the ten strongest 

candidates, the well matched areas tend to be enhanced while 

the gross phase errors tend to be toned down through smoothing. 

This appears to be due to the fact that the analog candidates 

making up the composite are not random, but rather share 

some loose relationship of weather sequences. 

4.3 The Curresnt Operational Model. The operational 

analog forecast model, based on the composite approach 

described above, has bean in routine operation since 1 July 

1970. It was run weekly until October 1971 and twice weekly 

since. The initial match was based on the 00Z synoptic time 

data, but to obtain a better initial field the program was 

switched to the updated 12Z synoptic data in November 1972. 

This change allows the maximum data input to the initial 

analysis and eliminates any effect of comparing 12Z climat¬ 

ology fields with a 00Z synoptic fic^ld. 

9 



5.0 PRODUCTS AND USAGE 

Due to the known characteristics of analogs (Appendix 

B), forecast products are designed to yield primarily large 

scale information. The composite concept currently in 

operation sacrifices detail in order to minimize undesirable 

phase-errors. Although extremes cannot be portrayed, large- 

scale information is not seriously affected by the smoothing 

procedure. 

5.1 Hemispheric Products 

5.1.1 Forecast Fields. Several charts are routinely 

produced at daily incremento out to 12 days. 

The large-scale 500 mb analog forecast, SL 5 AL, 

depicts long-wave and block positions with associated relative 

intensities. Examination of the entire sequence of forecast 

charts provides information on the anticipated movement, 

persistence or intensity changes of these larger-scale 

systems. Since the detail in the SL 5 AL's is not as sharp 

as in a regular SL 500 chart, stormtracks can be implied 

from gradient, curvature, and direction of flow. SL 5 AL 

charts are plotted with a contour interval of 20 meters 

(vice 30 meters on the synoptic SL 500) in order to accomodate 

the loss of detail caused by the averaging process. Analog 

forecasts of the residual field (SR 500) and D-value field 

(D-SOOj are not normally used due to the inherent over¬ 

smoothing . 

The surface pressure analog forecast, PS AL, show 

the most likely positions for surface highs and lows on a 

given day in the forecast period. They can be thought of as 

probability charts - the stronger a high or low is on a 

given forecast chart, the more probable it is that a system 

of the same type will be located near that position. The 

predicted strength of, and changes in, semi-permanent systems 

(such as the Siberian High and Aleutian Low in winter, and 

the Eastern Pacific/Atlantic Highs and Asian Thermal Low in 

summer) can be particularly useful. Examination of the 

10 
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entire sequence of forecast charts yields information on ex¬ 

pected principle stormtracks including Wester*; Pacific tropical 

cyclones. PS AL charts are plotted with a three-millibar con¬ 

tour interval to compensate for the loss of detail. 

Product Limitations. The lack of exactness 

in analog forecasting, when considered with the characteristics 

of analogous weather patterns (Appendix B), limits the overall 

skill of the forecasts. Unlike dynamic models, the latest 

forecast series may not be as good in a given geographical 

area as was the previous one, in which case the older forecast 

should be used. Further, the smoothing inherent in the model 

limits the forecast usefulness to large-scr>le features, and 

precludes any possible accurate depiction of intense small- 

scale features or rapidly moving storms. Even with the large- 

scale features, the nature of the composite model enables it 

to predict only about half the intensity of the overall change 

that actually occurs making it more useful qualitatively than 

quantitatively. Phase errors also occur, which means + two 

days from the forecasted date should be allowed in verifying 

predicted large-scale changes. 

5.1.3 Examples of Analog Products. Two sets of 

forecast charts, summer and winter, are included as Figures 

7-25. Table 1 gives comparative statistical information on 

the initial match and verification scores for each set. One 

shortcoming of the analog products is that the relative magni¬ 

tude of most systems is from 10 to 30 percent weaker than the 

verification chart. This is caused by the smoothing technique 

used in creating the composite and is especially prevalent on 

the surface (PS) charts where small scale systems are incor¬ 

porated into a "mean" composite field. When interpreting these 

charts, the geographical location and relative strength of the 

major analog features is more important than trying to make a 

perfect correlation of individual systems. 

1 
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Initial Match - Composite Analog compared to Base Date Chart(D0) 

Hemi 

6164 
8179 

.6427 

.8029 

U.S. 

.7237 

.4781 

.4629 

.7968 

Parameter 

00Z 14 JUN 71 

D 1000 
SL 500 

00Z 8 NOV 71 

D 1000 
SL 500 

Analoa Verification - Composite Analog Compared to Verifying 
Chart during Forecast Period 

Pearl 

.7323 

.9007 

.6942 

.7599 

Guara 

.7196 

. 9308 

.7816 

.8657 

Rota 

.8869 

.8614 

.5479 

.8235 

Date 

14 JUN 71 

08 NOV 71 

Initial 
Match 

.734 

.663 

Day 
1-5 

508 

.583 

Day Day Day Day 
6-10 11-15 1-10 1-15 

.376 

.567 

.481 

.377 

.442 

.575 

.455 

.509 

Table 1 - Comparative Initial Match and Verification 
Statistics for Composite Examples 
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The following is a summary of the major features (good 

and bad) for the composite forecast charts. 

A. SL 500 - Summer Series 

00Z 14 JUN 71 - Initial Match (Figures 6-7). This 

chart is very good in all areas except over the U.S. where the 

xjOw off British Columbia is not shown. Note the very close 

match of the Low on the Kamchatka Peninsula. 

00Z 18 JUN 71-4 DAY FCST (Figures 8-9). Major 

systems are slow indicating a possible phase error of 1-2 

days- Relative location and intensity of most systems is 

good, with the over development of the Low in the Eastern 

Atlantic and the orientation of the blocking ridge over Canada 

being the major discrepancies. 

00Z 21 JUN 71-7 DAY FCST (Figures 10-11). The 

forecast did not show the reintensification of the East Pacific 

Lew. It weakened the block over North America too much and 

maintained the Low in the Eastern Atlantic which actually 

moved northward (Note low verification score for the 6-10 day 

forecast period in Table 1) . 

00Z 25 JUN 71 - 11 day FCST (Figures 12-13) An extreme¬ 

ly good match is seen over the Eastern U.S. and Atlantic. 

Intensification of the High over Alaska is not predicted. 

B. PS - Summer Series 

00Z 14 JUN 71 - Initial Match (Figures 14-15). The 

combination of different contour interval plus smoothing make 

this cha.t closer to an SR 1000 chart. With this in mind, all 

the major features are noted, especially the deep Low in the 

NW Pacific. Again relative strengths of systems are the 

important consideration. 

Throughout this entire series, the SL 500 Low over Eas¬ 

tern Canada has remained as a nearly stationary system, acting 

as an anchor point for the rest of the hemisphere. Studying 

Figures 6-15 along with Table 1 will give some insight into 

how best to utilize the analog charts. 

13 



C. SL 500 - Winter Series 

00Z 8 NOV 71 - Initial Match (Figures 16-17). As 

Table 1 indicates, this is a good match over the entire 

hemisphere, ilajor discrepancies are the mid-ocean Highs 

which are over-smoothed and too far south. Also the Low 

over North Axrica is too weak and displaced southward, and 

this remains a problem throughout the forecast period. 

00Z 11 NOV 71-3 DAY FCST (Figures 18-19). A good 

match is seen in the Western Pacific and the Polar region. 

However, the forecast does; very poorly over the Eastern 

Pacific and the U.S. region where a major High has formed 

over New Mexico with Lows along either coast. Note also the 

development of the Low over the Western Mediterranean. 

00Z 14 NOV 71-6 DAY FCST (Figures 20-21). Consid¬ 

erable improvement is noted over the +3 DAY FCST. All major 

features are depicted with the exception of the Eastern 

Atlantic High/ Low combination which is shown as being much 

too weak. 

00Z 18 NOV 71 - 10 DAY FCST (Figures 22-23). The 

Pacific Ocean region is a near perfect match. However, the 

Atlantic and Europe sectors are a rather poor match with the 

Lows in the Western Atlantic and Northern Europe missed com¬ 

pletely and the East Atlantic High much too weak. 

D. PS - Winter Series 

00Z 8 NOV 71 - Initial Match (Figures 24-25). All 

major features are shown but the small scale features are 

smoothed out, i.e., four Lows over Northern Europe on analysis 

are smoothed to one large Low on composite. 

This series illustrates how an analog forecast which 

starts out good can become rather poor after two or three 

days and then be quite good again by day five or six. Use 

of the primitive equation forecast charts should aid in 

determining the relative fit of the analog composite forecast 

on a day-to-day basis. 

14 
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5.2 Regional Products 

5.2.1 Analog Dates Message. This message lists the 

40 initial historical dates including those making up the com¬ 

posite along with the average large-scale correlations [ SL 500 

+ SR 1000)/2 ] for the hemisphere and the four sectors for each 

historical date. A sample message is shown in Figure 2; 

sector boundaries are depicted in Figure 3.* For comparative 

purposes, correlation values for the initial match generated 

by the composite on the same date are also given in Figure 2. 

It should be noted that the hemispheric composite correlation 

value is greater than any one of the 10 dates making it up. 

This information is of value to those users havinc some form 

of historical weather information - historical charts, single¬ 

station hourly or daily climatological data, etc. Since the 

use of sectors in analog selection has been observed to improve 

the skill in regional forecasts under certain conditions, the 

user of regionally chosen dates to extract corresponding 

climatological information for forecast purposes can be a 

valuable forecast tool. 

5.2.2 Fifteen-Day Forecast of Daily Average Weather. 

These forecasts utilize the sector correlations described 

above. Ten dates from the list of those remaining after 

application of the history check are chosen for each geographic 

region based on sector strength. Specifically, U.S. West 

Coast forecasts use sectors I and II, while East Coast forecasts 

use only sector I (Figure 3). A sample forecast is shown in 

Figure 4. These forecasts predict daily average wind direction 

(by quadrant) and speed, probable maximum and minimum temper¬ 

ature ranges (the wider the range, the less certain the fore¬ 

cast) , probable mean temperature, and probability of occurence 

of rain(R), snow(S), thunder(T), freezing rain/sleet(ZR), 

drizzle(L) and fog(F). 

♦Routine dissemination is via the Air Force Automated Weather 

Network (AWN), MANOP heading ABXN KNWC NR01. 
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Mean temperatures are most useful for showing 

trends. Trends are also shown by the increases/decreases in 

probabilities of the different weather parameters from one 

day to the next throughout the forecast period. If one 

chooses to use the probability information as a specific 

daily forecast, the probably of occurence should be compared 

with that expected by climatology before the forecast is 

made. For instance, if the climatological probability of 

rain on any given day is 10 per cent, a forecast of 40 per 

cent chance of rain strongly suggests that rain should occur 

on that day. 

Additional information can be implied from forecasts 

for other stations in the same geographic region. For example, 

if a forecast for Quonset Point, Rhode Island, during the 

spring predicted cool and damp weather, while the forecast 

for Washington, D.C., for the same time period was warm and 

dry, considerable "back-door" cold front activity between the 

two stations would be indicated. Similarly, rainfall proba¬ 

bilities for U.S. West Coast stations could indicate expected 

southward penetration of orecipitation associated with Eastern 

Pacific storms. 

Routine dissemination of this product to Naval 

commands was terminated in early 1974 due to lack of user 

interest. It is anticipated this product will remain dormant 

until a better forecast technique becomes available. 

5.2.3 Sea Height and Direction Probabilities. 

Using the same regional principles described earlier, sea 

height and direction probabilities can be generated over 

ocean areas for use in Optimum Track Ship Routing (OTSR) and 

for planning subsequence diversions in track. This product 

is described elsewhere by Selfridge (17). 

5.2.4 Limitations. Regional products are limited 

ly the characteristics of currently prevailing weather patterns 

in that region and also by the time-phase problem. Further, 

the probabilistic nature of these forecasts precludes accurate 
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prediction of extremes. As with hemispheric forecasts, a 

previously issued forecast may verify better than the most 

recent at any given station. 



6.0 VERIFICATION 

From a verification standpoint, the analog forecast model 

described in this report is different from dynamic models. 

Some of the ramifications of this are described in Appendix B. 

Specific verification of hemispheric and regional analog 

products is described below. 

6.1 General Skill of Hemispheric Products 

6.1.1 Qualitative. Substantial differences occur 

in skill from one geographic region to another on virtually 

every composite analog forecast issued. Across the hemisphere, 

however, it has been subjectively observed that general state¬ 

ment type forecasts based on the analog (e.g., "Long wave 

currently in Eastern Pacific expected to progress to Western 

U.S. toward end of first week") can be expected to verify 

about 65 per cent of the time during the first week of the 

forecast period, and 52 per cent of the time during the second 

week. 

6.1.2 Quantitative. A rigorous quantitative 

verification program has been developed by Hanna (15) for the 

hemispheric analog model. No numerical verification has been 

attempted for the specific geographic regions. Verification 

is based on the average of normalized scores for all four 

selection parameters out to 15 days. Statistics are generated 

as averages for days 1-5, 6-10, 11-15, 1-10 and 1-15. The 

initial match scores (Do) are included for comparative pur¬ 

poses. The verification is done by comparing the composite 

analog scores with corresponding scores for persistence (initial 

chart used as a forecast chart for each day of the forecast 

period) and climatology (monthly mean charts used as a fore¬ 

cast chart for each day of the forecast period). 

6.1.2.1 Per Cent of Perfect Prediction. Since 

computation of these scores involves normalized values, a cer¬ 

tain strictness occurs which results in relatively low-appearing 

scores. Table.2 shows comparative annual and seasonal verifi¬ 

cation percentages for the 47 month period July 1970 to May 

1974. The following conclusions are drawn from these statistics: 
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(1) The initial analog match is substantially 

(80 - 90 per cent except 60% in summer) better than clima¬ 

tology but consistently worse than persistence (which is 

always 100 per cent). While the initial match averages only 

70 per cent of perfect, the correlation value for large-scale 

features averages about 0.85. 

(2) Persistence is numerically superior to 

the analog only out to two days. Beyond that, the analog is 

superior to 15 days and probably more. 

(3) Prior to the initial data selection 

change 1972, the analog was superior to climatology in the 

first fj.ve-day period for all seasons. It's not quite as 

reliable as climatology during the six-to-ten day period, 

except during winter when they were about the same. And the 

analog is significantly worse than climatology during the 11- 

to-15 day period. Since the initial analog selection was 

modified to the updated 12Z fields, a significant improvement 

in all verification scores is noted, with the exception of 

fall, these statistics indicate the analog is now superior to 

climatology out to at least 8 days and, in many cases, may be 

superior beyond. 

The model scores best in winter and worst in 

summer when weather conditions are changing least rapidly 

with respect to the climatology. Interpolation of these 

comparative scores shows that, on the average since Nov 1972, 

the analog is superior to climatology to about eight days in' 

all seasons except fall where the skill is slightly less. 

6.1.2.2 Comparative Verification Statistics. 

From the verification scores of each forecast period, it can 

be ascertained whether the analog model performed better or 

worse than climatology and persistence and in which season. 

This information has been summarized in Tables 3a and 3b 

using each forecast period between 1 July 1970 and 31 May 

1974. These tables indicate the percentage of cases for 
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naiMa m ...... 

ANÄLOG BET|pM $ ^PERSISTENCE 

SEASON 
(CASES) 

SUMMER(54) 

AUTUMN (60) 

HINTER(38) 

SPRING(40) 

ANNUAL (192) 

SEASON 
(CASES) 

SUMMER(54) 

AUTUMN(60) 

WINTER(38) 

SPRING(40) 

INITIAL 
MATCH 

0% 

0« 

0% 

0% 

0« 

DAYS 
1-5 

74% 

80« 

68« 

75% 

75% 

DAYS 
6-10 

94« 

92« 

89« 

90« 

91« 

DAYS 
11-15 

89« 

88« 

89« 

95% 

90« 

OVERALL 
1-10 

94« 

93« 

87« 

90« 

93« 

ANAEOG BETM $ K)CLINAT0L0GY 

OVERALL 
1-15 

INITIAL 
MATCH 

100« 

100« 

100« 

100« 

ANNUAL(192) 100« 

DAYS 
1-5 

74% 

82« 

94« 

80« 

81« 

DAYS 
6-10 

22« 

13« 

51« 

35% 

29« 

DAYS 
11-15 

11% 

13« 

36« 

18« 

19« 

OVERALL 
1-10 

48« 

48« 

79« 

58« 

57% 

OVERALL 
1-15 

TABLE 3a - Verification Comparisons by Time Periods: Percent 
of Cases better than stated parameter, July 1970 - 
November 1972. 
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SEASON 
(CASES) 

SUMMER(26) 

AUTUMN(32) 

WINTER(52) 

SPRING(54) 

ANNUAL(164) 

ANALOG 

INITIAL 
MATCH 

0« 

0« 

0« 

0% 

0« 

“WM® PERSISTENCE 

DAYS 
1-5 

85% 

92% 

79% 

85% 

84% 

DAYS 
6-10 

96% 

92% 

90% 

96% 

93% 

DAYS 
11-15 

92% 

96% 

89% 

98% 

93% 

OVERALL 
1-10 

96% 

92% 

85% 

98% 

92% 

SEASON 
(CASES) 

SUMMER(26) 

AUTUMN(32) 

WINTER(52) 

SPRING(54) 

»LOS BE7JKffl| JJ »CLimM 

INITIAL 
MATCH 

100% 

100% 

100% 

100% 

ANNUAL(164) 100% 

DAYS 
1-5 

100% 

96% 

98% 

94% 

97% 

DAYS 
6-10 

58% 

42% 

56% 

52% 

51% 

DAYS 
11-15 

35% 

27% 

29% 

32% 

29% 

OVERALL 
1-10 

84% 

73% 

77% 

78% 

77% 

OVERALL 
1-15 

96% 

96% 

90% 

100% 

95% 

OVERALL 
1-15 

69% 

62% 

64% 

67% 

65% 

TABLE 3b - Verification Comparisons by Time Periods: Percent 
of Cases better than stated parameter, December 1972- 
May 1974. 
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each forecast period and season that the analog was better or 

worse than climatology and persistence. Generally, the same 

conclusions as in 6.1.2.1 above can be drawn from Table 5. In 

particular note the improvement since Nov 1972, 

In addition to specific verifications, some 

general relationships between the analog, persistence, and 

climatology can be made. Figures 5a and 5b depicts the monthly 

averages of the 1-5 day verification statistics. The pattern 

shows a more stable appearance since October 1971 when the 

analog was switched to twice/week runs. Also included is the 

initial analog score which aids in evaluating the deterioration 

of the model during the initial verification period. Figure 

5b shows the relationships since the initial data selection 

change in 1972. The higher initial analog score (Dq) and 

1-5 day score should be noted indicating the marked improvement 

in model performance since that change. In many cases there is 

a direct correlation between the verification score of persis¬ 

tence and/or climatology with the analog score. The vari¬ 

ation in tht persistence score is a measure of how rapidly the 

day-to-day pattern is changing across the hemisphere with lower 

score indicating the greatest change. The climatology score 

is a measure of how seasonable a given pattern is compared to 

aX5 year mean. In this case low scores indicate an unseasonable 

pattern which would generally indicate a below normal analog 

verification. 

6.2 General Skill of Regional Products 

6.2.1 Qualitative. It has been observed that region¬ 

alized composite analog forecasts designed for specific locale 

and purpose appear to be somewhat superior to the more general 

hemispheric forecasts. 

6.2.2 Quantitative. Available resources have pre¬ 

cluded comprehensive verification of the regional approach. 

However, an exercise was undertaken from December 1971 through 

March 1972 utilizing the regional approach for predicting the 

occurence or non-occurence of daily rainfall in Monterey, Cal¬ 

ifornia. A comparison was made of forecasts based on the 

following: 
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(1) Climatology - daily probabilities of rainfall. 

(2) Persistence - Use the pattern from the past 14 

days to forecast for the next 14. 

(3) Composite - ten best hemispheric dates. 

M) Regionalized - dates used in the operational 

forecast for Monterey. 

(5) Hand-selected - dates which considered past 

history at the station as well as degree of zonal flow. 

Time phase errors were not considered. The results, shown in 

Table 4, demonstrate that using regionalized analogs may 

improve the forecast; however, these results are not sufficient 

to make any general statement. 
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PREDICTION OF DAILY RAINFALL OVER 14-DAY PERIODS 

AT MONTEREY, CALIFORNIA, 1 DECEMBER 1971-31 MARCH 1972 

(34 TWO-WEEK FORECASTS) 

METHOD PER CENT OF DAYS CORRECTLY FORECASTED 

Daily Climatology 

Persistence (previous two weeks) 

Hemispheric Composite Dates 

Automated Regionalized Dates 

Hand-Picked Regionalized Dates 

Week 1 

60.9% 

59.6% 

61.7% 

67.7% 

68.4% 

Week 2 

60.9% 

60.7% 

54.2% 

56.2% 

60.6% 

TABLE 4 



7.0 SUMMARY 

There is little doubt that long-range forecasting using 

synoptic models is an imperfect art. The skill demonstrated 

by the average composite analog forecast model over other 

conventional means of ascertaining hemispheric weather patterns 

beyond a few days gives purpose to the technique. Despite 

this success, our inability to select the ten analog dates 

that ultimately turn out best (Appendix A) suggests that much 

more work needs to be done and improved selection models must 

be developed. The planned shift to a regression type com¬ 

posite in the future should improve both the skill and the 

detail of the forecasts. 

This type of model is not designed to be permanent. With 

the advent of improved dynamic models using fourth and fifth 

generation computers, and with improved initialization through 

the use of automatic weather stations and satellites, dynamic 

prediction should become superior to synoptic and statistical 

techniques. At this point, analogs will best be used to relate 

dynamic forecast patterns to expected actual weather. Until 

that time, however, the development of the analog approach 

described in this report appears to be the best method of 

providing operationally usable and totally automated long- 

range forecasts for Naval operations. 
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APPENDIX A 

EXPERIMENTATION WITH THE SELECTION PROCESS 

A major problem in developing a composite analog fore¬ 

casting method involves optimum selection of the historical 

dates making up the composite. In-house studies have demon¬ 

strated that (a) the maps with the highest initial or past 

correlations do not necessarily produce the best analogs and 

(b) the model rarely comes close to picking the 10 analog 

candidates from the original 40 that ultimately turn out 

best. However, the current selection method has produced 

(results comparable to or better than all other selection 

methods so far investigated and it also has been the most 

stable. The principal techniques that have been tested are 

discussed and summarized below. 

1. Selection Variations for the Initial Match (Do) 1! 1.1 High-Low Pairs. This early scheme was based 

on matching the count and location of highs and lows on current 

SL 500 charts with those on historical SL 500 chatts. This 

method failed partly because of such analysis quirks as large 

highs shown split into two centers one day, merged into one 

on the next, and split again on the third. Thus, good can- 1 didates were screened out prematurely. 

1.2 500 mb Large-Scale Patterns. Another early 

model selected candidates solely on the basis of the SL 500 

ï chart. This failed partly because there was no correlation 

with surface features and partly because of the incomplete 
i 

data base at the time. 

1.3 Hemispheric Zonal Wind. This third early 

J screen was a function of the square of the difference be¬ 

tween current: zonal winds and zonal winds f f the potential 

I analog, and of the square of the corme of the latitude. 

Preliminary results indicated tha* this initial screening 

mechanism was somewhat unstable 
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1.4 Screening Order of Large-Scale Parameters. 

From March 1969 until July 1970, the operational analog 

selection model used a screening procedure in which a certain 

percentage of the analog candidates were eliminated with each 

pass through the screen. Most screens consisted of from two 

to four passes utilizing various parameters. The most effect¬ 

ive screens eliminated all but 10 - 20 per cent of the avail¬ 

able dates on the first pass, 50 per cent of the remainder on 

each succeeding pass, leaving 40-60 candidates for further 

processing. Screens which were considerably looser or tighter 

provided worse results. 

Parameters screened and order of screening varied as 

developmental work continued. At first, only large-scale 

parameters were used; later, large-scale parameters were used 

for the initial screens only. The three major large-scale 

parameters investigated were: 

SL 500 (Large-scale disturbance field at 500 mb) 

SL 1000 (Large-scale disturbance field plus zonal 

component at 1000 mb) 

SR 5-10 (Large-scale disturbance field plus zonal 

component of 500-1000 mb thickness) 

Surprisingly, use of the thickness parameter in the screen 

produced the least satisfactory results. Although this para¬ 

meter is a measure of the hemispheric large-scale thermal 

pattern, the very small spread in correlation values (relative 

to those large-scale values at 500 and 1000 mb) negated its 

value. In any event, use of both SL 500 and SR 1000 implies 

the large-scale thickness. The order of these latter two 

parameters in the screen was found to make little difference 

in the ultimate outcome. 

1.5 Small-Scale Parameters. For a time, indepen¬ 

dent small-scale (3D) features at 500 and 1000 mb were included 

near the end of the basic screen as final selectors. There 

turned out to be little relation between correlations of 



large and small scale features from the same chart, making 

this effort a failure. There appear to be four basic reasons 

for this: (1) There are an infinite number of small-scale 

synoptic patterns that can be superimposed onto the same 

basic hemispheric large-scale pattern; (2) Due to the larg€;r 

mesh size of much of the older historical data, many small- 

scale features that were probably there had been smoothed 

out during reanalysis; (3) Satellites have vastly increased 

our knowledge of oceanic synoptic features, thereby making 

questionable many oceanic analysis prior to the early 1960's; 

and (4) Even with satellites, wavelengths of the SD scale 

over sparse data areas are not always accurately depicted, 

especially at 500 mb. 

1.6 Total Disturbance Fields. In order to utilize 

small-scale information, yet keep it dependent upon good 

large-scale correlations, the total disturbance field (TDF) 

was devised. This field was created by subtracting the same 

zonal component of the flow out of both current and historical 

charts. The TDF technique put the 500 and 1000 mb fields on 

a relatively equal basis when used as a final eliminating 

parameter in the screening process. More importantly, it 

increased the spread of the correlation values, making 

elimination and/or selection easier. This was especially 

vital at 500 mb where height values correlate very strongly 

with latitude. Once the large-scale had been accounted for, 

this technique proved to be the most effective screen in the 

operational model prior to July 1970. However, the 40-60 

remaining analog dates prior to any history check in that 

model were almost always very similar to the 40 dates remain¬ 

ing using concurrent tests of the present operational model. 

Since the current model uses the normalizing technique 

described earlier, the need for a TDF was eliminated. 

2. Checks for Historical Continuity. For an analog 

sequence to be good into the future, it is reasonable that 

the analog sequence should be accurate in the immediate past. 
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Some form of history check is useful to narrow the number of 

candidates from the initial 40 to the 10 in the composite. 

Although a number of variations of the history check have been 

investigated, none have resulted in significant improvement in 

skill over the current operational version. Since the 10 

dates chosen operationally rarely approach the skill of the 

best 10 possible (Table 5), investigations into improved 

history checks continue. A summary of the testing in this 

area to date is presented below: 

2.1 Manual History Checks. Before the automated 

version of the analog selection model went into operation, 

historical continuity of the 40-60 remaining analog candidates 

was examined manually. Special emphasis was placed on the two 

to three days immediately preceding the current date. Over an 

eight-month period, both manual and automated models were run 

concurrently, and neither was consistently shown better than 

the other (Table 5). The automated version, however, has the 

advantage of saving considerable time and manpower. 

2.2 Three and Six Day Weather Patterns. This was 

an early attempt to automate the history check by incorporating 

a historical continuity of three or six days and involved two 

techniques to match historical weather sequences with those 

currently occurring. 

(1) An average of the absolute values of the 

SD patterns for the three or six days prior to the current 

date was computed. This was designed to be a measure of the 

strength of the activity of the transient small-scale features. 

(2) An average of the absolute values of the 

24-hour changes in SD patterns for the three or six days prior 

to the base date was computed. This was designed to be a 

measure of the movement of the transient small-scale features. 

Based on six widely varying test cases with this model, 

going Lack only three days tended to be superior to going 
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SKILL OF COMPOSITE ANALOG TESTS USING VARIOUS HISTORY SCREENS 

(APPENDIX A) 

1 JULY 1970 - 14 JUNE 1971 (50 CASES) 

COMPARED TO OPS MODEL 
RAW 

TEST INVOLVED 

AVERAGE 
RAW 

SCORE BETTER WORSE SAME 

Best 10 Possible (Hindsight) .974* 

Operational Model .465 

Manual History Check (35 Cases) - 

Ten-Day Average History .¿48 

Five-Day Average History .448 

Tightest History Screen .400 

Tighter than Ops Model .446 

Slightly looser than Ops Model .455 

Loosest (No Past Requirement) .466 

50 

0 

17 

21 

18 

19 

13 

20 

24 

0 

0 

18 

28 

28 

31 

23 

17 

18 

0 

50 

0 

1 

4 

0 

14 

13 

8 

♦Notes Perfect prediction would be normally between 3.00 and 
4.00. A Composite of the best 10 possible would score 
considerably higher than the average of the 10 best as 
above. 

TABLE 5 
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back six; even so, this was neither significantly better nor 

worse than ignoring this history check altogether. Although 

theoretically sound, results of this scheme were inconclusive 

since it suffered from the same drawbacks of historical SD 

patterns as discussed earlier. Since there is apparently an 

infinite number of hemispheric SD variations that can occur in 

a given large-scale pattern, averaging these over a three or 

six day period showed very little spread in the correlation 

values among the top 200-500 candidates. Plots of these 

patterns showed very ill-defined fields rather than obvious 

stormtracks. 

2.3 Past History Check - Five and Ten Day Averages. 

In the first experiment, the 20 dates (of the original 40) 

with the highest average normalized values over the previous 

10-day period were saved. The 10 best Dq matches of these 

were chosen for the composite. The experiment was repeated 

for a shorter history period of only five days. In both 

experiments, the current operational version was substantially 

better (Table 5). There was very little difference between 

ten days of history and five. 

2.4 Variations in the History Screen Limits. The 

1.25/2.50 limits for periods D -1 to D -5 and D -6 to D -10, o o o o 
respectively, were variea in order to produce tighter and 

looser screens as follows: 

(1) Set the history screen to the tightest 

value possible, increasing it at increments of 0.125/0.250 

until at least 10 of the original 40 dates pass it. Use the 

best 10 of these remaining dates at Do for the Composite 

(tightest screen). 

(2) Same as (1) except insist that at least 20 

dates pass the history screen. This is a slightly looser 

screen but tighter than the operational version in most cases. 

(3) Same as operational model except limits 

are slightly looser at 1.50/3.00 vice 1.25/2.50. 
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(4) Insist on no past requirement whatsoever. 

(No history check; thus loosest possible screen) 

The one general conclusion from this set of tests was 

that, over the 50-week period from 1 July 1970 through 14 June 

1971, the looser the history screen when compared to the 

operational screen, the better the composite analog tended to 

verify. For screens looser than the operational version, 

however, the 50-week average of 15-day verifying scores were 

generally the same as or slightly lower than those of the 

operational model. This further implies less stability than 

with the operational version. See Table 5. 

One possible explanation of the apparent superiority of 

the looser screens is as follows: Although a history check is 

applied to eliminate criss-crossing and retain parallel weather 

sequences, weather sequences are often inconsistent v’ith each 

other. Thus, an analog with a good past parallel sequence may 

not produce a good forecast. Similarly, an analog with poor 

past history may produce an excellent future match. The 

degree to which this is true seems to be dependent upon the 

uniqueness and/or stability of the past and current weather 

patterns. 

2.5 Variations in the History Screen Ratio. The 

history screen normally has a 1:2 ratio for the two five-day 

periods; i.e., 1.25/2.50. This ratio was adjusted several 

different ways in an attempt to improve the date selection for 

the Composite. No consistent results were found. 

3. Possible Future Selection Techniques. There are 

several approaches which might improve the analog selection 

procedure although none have been thoroughly tested. It must 

be remembered that even small changes (good or bad) may have a 

marked influence on model performance. 

a. Use of the Primitive Equation (PE) Model Forecasts. 

The FNWC PF. model described by Kesel (18) has shown more skill 

in predicting large-scale features than small-scale ones. 



Large-scale skill is often good at 48 hours and may still be 

quite good at 72 hours. Several methods of combining PE and 

Analog forecasts have been considered. 

(1) Use of the PE as Part of the History Screen. 

This method is valid if we can assume that PE large-scale fore¬ 

casts verify reasonably well out to 48 hours. Once the initial 

40 historical analog dates are available, they could be narrowed 

down to 10 by considering the large-scale correlations of each 

date at both SL 500 and SR 1000 for the period D -2 to D +2. 
o o 

This five-day period includes the current chart vs. the histor¬ 

ical analog, the one and two-day-old histories, and the 24 and 

48-hour large-scale progs vs. each analog date advanced 24 and 

48 hours. The highest 10 two-level five-day averages could 

then be selected for a composite analog forecast. Very limited 

tests of this technique, utilizing a "perfect prog" concept, 

have indicated potential value of this technique. 

(2) Use of the PE as a "Jumping Off" Point. 

The easiest way to combine the PE and analog forecast models 

would be to use the latter as an extension of the former. Since 

the Analog tends to show more skill than the PE in terms of 

comparison with persistence after 48-96 hours, the 48 or 72 

hour time frame would be a logical "jumping off" point. The 

analog model could be revised to search for the 40 analog dates 

based on the P.E. large-scale progs instead of the current 

analyses. The history check with adjusted weighting factors 

could still go back 10 days (D0+2 to Do-2 and Do-3 to D^-7), 

thus adding stability, especially in instances where the progs 

were partially in error. Despite the likelihood of some error 

in the large-scale progs, the unexplained variance resulting 

from the impossibility of perfect matches might easily be 

greater than the variance caused by a large-scale prog being 

in error. A large-scale prog might correlate higher with its 

verifying chart than with a composite analog based on it. 



This could either harm or help such an analog selection scheme. 

No testing or modeling has been undertaken involving this tech¬ 

nique. 
b. The Use of Zonal Indices. An in-house study in 

1969 seemed to indicate a periodicity of about 12 days during 

the winter months. The Composite analogs which do best tend to 

be the ones which have initially matched a hemispheric synoptic 

pattern containing strong meridional flow, and in a relatively 

common pattern of well-defined blocks and long-waves. A well- 

established two-block five-wave pattern appears to be most 

favorable. Those analogs which start off matching a highly 

zonal pattern usually perform worse, despite a tendency for 

higher initial correlations. Thus, the use of zonal indices as 

possible selection criteria for analog candidates is undergoing 

renewed investigation. 

4. Summary of the Selection Process Experimentation. Few 

selection methods have been found which a^e significantly 

better or worse than the others. It appears that simply designed 

selection models perform as well (if not better) than highly 

complex approaches. The 40 dates consist of essentially the 

same groupings of historical weather sequences, regardless of 

the selection method used to isolate them initially, as long as 

the SL 500 and SR 1000 parameters are involved. The most 

stable selection method found up to now is the normalising 

technique currency in operation. The worst results have been 

obtained when using very tight or very loose parameter screens, 

when using thickness parameters, when using only one height 

level, or when using small-scale disturbance fields. With 

regard to history checks, it can be said that (a) the operational 

weighted history screen is superior to a straight "averaged" 

screen, (b) there is little difference in skill between a five- 

day and ten-day history check, and (c) the tighter the history 

screen, the worse the skill of a composite analog forecast. 

For maximum stabilization, however, a gross history check is 

considered prudent. For the future, the PE model, measures of 

zonal indices, and relative sector correlations all appear 

promising for incorporation into the selection procedure. 



APPENDIX B 

CHARACTERISTICS OF ANALOGOUS WEATHER PATTERNS 

Several years of investigation into the long-range fore¬ 

cast problem has produced the following conclusions about the 

characteristics of analogous weather patterns. 

1. The Initial Match 

1.1 A perfect or near perfect match of an individual 

historical analog using the current data base is unattainable. 

1.2 Hemispheric analog matches and forecasts rarely 

verify equally throughout the entire Northern Hemisphere at 

che same time, but will match better in certain sectors of 

the globe. 

1.3 A high correlation at 500 mb does not ensure the same 

at the surface ana vice versa, especially in individual sectors. 

1.4 A more meaningful match is obtained using large-scale 

rather than small scale features. 

1.5 More good analog matches occur with common, well- 

established large-scale weather patterns than with transitory, 

unorganized or highly zonal patterns. 

1.6 Initial composite matches are better in summer and 

winter than in transition seasons. Overall, the best cor¬ 

relations are found over the Eastern Atlantic and Europe in 

summer with worst correlations over North America and the 

Western Atlantic d-ring transition seasons. The above infor¬ 

mation is summerized in Table 6, which shows the hemispheric 

and geographical sector correlations of the Total Disturbance 

Field (TDF) of the composite analog. These figures are 

averaged over two periods of time: (1) Jul 70 through Nov 72, 

(2) Nov 72 through Aug 74. The marked improvement (28%) in 

the initial match after November 1972 can be attributed to 

the initial data selection change discussed in Para. 4.3. 

Since TDF's (Appendix A) are a measure of both large and 

small scale features with the zonal component removed, these 

correlation values are generally 0.10 to 0.15 lower than 

those of the corresponding large-scale pattern alone. 
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VARIATION OF INITIAL COMPOSITE ANALOG MATCH BY SEASONS 
AVERAGE OF 500 MB and 1000 MB TOTAL DISTURBANCE FIELDS 

(ZONAL FLOW REMOVED) 

HEMIS 
360 DEG 

N. AMER PACIFIC WESTPAC ELANT/MED 
40W-130W 130W-160E 160E-60E 60E-40W 

ANNUAL 
(JUL70-NOV72) .6949 
(NOV72-AUG74) .8750 

.6466 

.8344 
6623 
8528 

6470 
8625 

7039 
8740 

SUMMER(JUN-AUG) 
70-72 .7398 
73-74 .9035 

.7110 

.8518 
6411 
8510 

6482 
8684 

7642 
,9136 

AUTUMN(SEP-NOV) 
70-72 .6454 
72-74 .8523 

.5887 

.8192 
6591 
8211 

6242 
8542 

6293 
8622 

WINTER(DEC-FEB) 
70-72 .7352 
72-74 .8771 

.7006 

.8451 
,7069 
,8550 

7069 
,8715 

,7305 
8917 

SPRING(MAR-MAY) 
71-72 .6720 
73-74 .8579 

.5986 

.8153 
6506 
8720 

6206 
8523 

7104 
8230 

TABLE 6 
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2. Characteristics of Prediction Ability 

2.1 Long-lasting individual analogs are rare. These 

occasional winter-time analogs can often be followed on a 

day-to-day basis for two to four weeks. A good example 

occured from 25 December 1969 through 3 February 1970 which 

matched on a hemispheric basis almost daily the period from 

7 January through 16 February I960, or 41 days. A more re¬ 

cent case showed the period from 10 February through 12 

March 1972 matching the period 11 January through 11 February 

1951 or 32 days. 

2.2 The inability to forecast the location and intensity 

of individual storms using analog techniques limits the 

techniques to forecasting large scale changes. 

2.3 The best initial matches do not necessarily ensure 

the best forecasts. A well established synoptic pattern 

will normally produce better forecasts than those with 

unique or highly zonal patterns, regardless of initial 

correlation values. 

2.4 Unlike dynamic forecast models, analog forecasts 

do not in general lose accuracy continuously with time. In 

a given geographic area, the three-day forecast may verify 

better than the initial match, the seven-day forecast better 

than the three-day, etc. Thus, each composite analog fore¬ 

cast issued must be judged on its merits in each geographical 

area of interest. If a newer forecast is not performing as 

well as an older forecast after a few days, then the older 

forecast should continue to be used. 

2.5 The progression of analogs is often somewhat 

irregular, making it necessary to allow for time-phase 

errors in all operational forecasts. Generally an allowance 

of + 2 days in verifying the occurence of a predicted weather 

event is adequate. 

2.6 Use of recurring weather patterns (or cycles) for 

long range forecasting is prevalent in both the literature 

and in practice. These cycles range from six-day weather 



types to 22-year double sunspot cycles. An extensive investi¬ 

gation of cyclic effects in the analog model was undertaken 

but the results were inconclusive. Occurrence of analogs was 

fairly evenly distributed across the entire 28-year history 

with no apparent cyclic influence except for a very slight hint 

of a 10 - 12 year pattern. 



ANALOG COMPOSITE FORECAST 

OPERATIONAL MODE L 

Figuro 1 - Flow Diagram of Operational Analog Model 
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BIST DATES 
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41021312 
5282^12 
51020612 
5)022412 
59022512 
52022612 
51022012 
51022012 
59022812 
59022812 
61021312 
61021412 
61021512 
«1021612 
61021712 
6I021C12 
61021912 
6*022412 
69020612 
69020712 
69020812 
69029912 
79020812 
79022012 
71022112 
49032112 
49032212 
49032312 
59032212 
59032312 
59031012 
52031312 
59031412 
59031512 
59031612 
69030212 
69030312 
71031912 
79032012 
79032112 

HËMIS 
310 REG 

:«077 
T9276 
.59! 7 
T9289 
:«899 
T«5?3 
758^7 
75899 
7*508 
7*338 
7*037 
7*536 
7*615 
7*800 
77205 
77336 
77095 
75895 
7*6no 
77175 
7*468 
79914 
7*245 
75832 
75665 
7571-8 
7*323 
7*828 
78749 
75796 
75755 
7*240 
7*620 
7*611 
7*098 

7*348 
7*424 
7*242 
7*496 
7*419 

Id 500 + d lodol 

L 2 J * 
87Ü9 

N, AHFR, 
40H 13 0 W 

.4819 

.1546 
-.2213 
.1506 
.1307 

-.1207 
.5617 
.6603 
.2609 
.2447 
.4362 
.4353 
.2730 
.3317 
.5150 
.6401 
.6410 
.4728 
.5475 
.7647 
.7078 
.6317 
.3390 

.4314 

.3601 

.4708 

.7350 

.8036 

.4098 

.3535 

.6159 
-,1367 
.0013 
.0019 

-.0175 
.3609 
.3062 
.5782 
.6043 
.3476 

.7239 

PACIFIC 
13C'H»160E 

7288 
7349 
8896 
8666 
9427 
8614 
7419 
6407 
8210 
8696 
6880 
6698 
7508 
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.8266 
.8528 

.9)401 
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160E-608 
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18144 
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:7739 
:7687 
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598? 
3961 
2909 
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346« 
178« 
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336« 
472« 
562» 
2322 
2481 
502« 
540» 
575» 
367» 
4647 
402» 
91« 
59« 
14* 
16» 
12Q 

.5329 

.8350 

ACCP 
COMP 

NO 
NO 
NO 
NO 
YfcS 
NO 
NO 
NO 
NO 
NO 
NO 
YS5 
YES 
YM 
YS1 
YS$ 
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NO 
NO 
Yi$ 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YS$ 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YSS 
NO 

Figure - 2 Sample Analog Dates Kessage 
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Figure 3 - Sector Boundaries of 

Hemispheric Analog 
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11 JAN 
12 JAN 
13 JAN 
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1947 
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1947 
1981 
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Figure 4 - Sample 15-Day Forecast of Daily Average Weather 
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ã"o/L Figure 5a - Monthly CoŒp’irlaon of Analog Initial Match with Analogy 
Cllrnatolory and Persistence 1-5 day Forecast (July 
1970 - November 1972) 
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0 OOZ 1H JUN 71 SU 5 fiL 0 DAY FC$T 
WfOJECTJON POLAR STEREOGAAPHIC T»UE AT 60*'hORTM LATITUDE 

__ SCALE 1 ¡3-/3 
Fiqare 6 - Initial Composite Analog 

Match for SL 500 (SL 5 AL) 
for 14 JUN 71 
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Figure 7 - SL 500 Analysis for 00Z 
14 JUN 71 



Verifying at OOZ 18 JUN 71 
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7 OOZ IH JUM 71 SL 5 PL 7 DAY FC$T UERIFYING AT OOZ 
PROJECTION POLAR STEREOGRAPHIC TRUE *’ "" 

SCALE l 60 OOO 0' 
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B-/7 
Figure 10 - 7-DAY SL 500 Analog Fore¬ 

cast Verifying at OOZ 
21 JTJN 71 
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0 00Z 21 JUN ‘71 SL 500 
PROJECTION POLAR STEREr 

9( B-/* 
Figure 11 - SL 500 Analysis for 00Z 

12 JUN 71 (Verifying Chart 
for Figure 10) 
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Figure 12 - 11-DAY SL 500 Analog Fore¬ 

cast Verifying at OOZ 
25 JUN 71 
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0 OÒZ 1H JUN 71 PS AL 0 DAY POST UERIFYlFKî AT 
PROJECTION POLAR STf ß-V 

Figure 14 - Initial Composite Analog 
Match at the Surface (PS AL) 
for 00Z 14 JUN 71 
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Figure 16 - Initial Composite Analog 

for SL 500 at OOZ 8 NOV 71 
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0 OOZ 00 MOU 71 SL 500 
PROJECTION POLAR 

Figure 17 - SL 500 Analysis for OOZ 
8 NOV 71 





11 NOV 71 (Verifying Chart 
for Figure 18) 
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Ligure 20 - fr-DAY' 5L 500 Analog Forecast 
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