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FOREWORD 

Ae Air Force interest in space environment increases, progress con¬ 

tinues in the prediction of solar and geophysical parameters. Experience 

and new knowledge gained since the original publication of this manual in 

April 1966 are largely responsible for the three-fold increase in its size. 

Verification programs have enabled us to identify the most successful tech¬ 

niques for standardization as well as the false premises to be discarded and 

the areas of difficulty to be analyzed more systematically. Standardization 

of observing equipment and reporting procedures has helped to increase the 

effectiveness of our verification programs and the objectivity of our fore¬ 

casting techniques. However, in spite of all this progress, the increased 

recognition of space environmental effects on military operations has left 

us with more unsolved problems than we had before. 

This second edition of the solar and geophysical forecasters' handbook 

is the product of the combined efforts of all officers and non-commissioned 

officers assigned to the Solar Forecast Center and the Detachment head¬ 

quarters. Compiling, editing, and publishing have been the responsibility 

of Capt Allan C. Ramsay, Scientific Services Officer for the Solar Forecast 

Facility. Further revisions are planned at frequent intervals over the 

next several years. Studies under way at the Solar Forecast Center and 

research work in progress at the Air Force Cambridge Research Laboratories 

are already producing results to be included in the next revision. These 

efforts are receiving additional emphasis, and continuing progress is 

anticipated. 

CHARLES K. ANDERSON, Colonel, USAF 
Director, Solar Forecast Facility 
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Chapter 1 

—--- SOLAR FLARE FORECAST _ 

1.1 General. Prior to the augmentation of SOPNET observing and forecasting sites 

by AWS personnel, It was believed that a well-defined separation could be maintained 

between short- and long-range predictions of solar activity. Ideally, the short- 

range forecasts would be made at the observatories by experienced observer-fore¬ 

casters using information directly available to them through white light and H-alpha 

instruments; these forecasts would be modified very little (if at all) before being 

disseminated to using agencies. Long-range forecasts would be prepared at the Solar 

Forecast Center; various (unspecified) theoretical, empirical, or statistical rela¬ 

tionships would be used with apparent trends to extrapolate current reports of solar 

activity into the future. Unfortunately, this forecasting scheme has proved to be 

impractical; it has become necessary for the Solar Forecast Center to involve itself 

in the details of producing both short-range (2H-hour) and long-range (up to five- 

day) flare forecasts. The procedures used to arrive at the -solar flare forecasts 

issued by the Solar Forecast Center are discussed below. 

1.2 Forecast Input: 

a. Oßtical. Optical information available on the required near-real-time basis 

includes the following: sunspot type, location, area, geometrical configuration, 

and magnetic classification; calcium and H-alpha plage area, brightness, location, 

rate and intensity of fluctuation; general appearance of disk and limb in H-alpha; 

vortical structure; enhancement in H-alpha wings; filament activity; recent surge 

and flare production; enhancement of coronal red-, green-, and yellow-line emission; 

limb surges, and prominence characteristics. 

b. Radio. Radio information includes daily flux values and burst data at 

about 600, 1400, 2700, 5000, and 88OO mc/s. Significant bursts at meter wave¬ 

lengths (19-41 mc/s) are reported as they occur. Solar maps from the Stanford 

Radio Astronomy Institute (at 9.1 cm) and from the Aerospace Coj-p. (3.4 mm) are 

currently being used on a daily basis. 

c' 2°gET Flare Probability ForecusU. In addition to the parameters which are 

routinely observed and reported to the SPC, the observer-forecaster at an observing 

site Is able to detect more detailed structures and rapid changes in solar active 
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regions which to a large extent are averaged out In the data received by the SPC. 

Plain language descriptions and the OL flare forecasts are the basic inputs which 

include these types of qualitative data; even small changes in successive OL fore¬ 

casts are considered most carefully. The OL forecasts are accepted as one of the 

most valuable factors in the final flare forecast. (OL: Operating Location) 

1•3 Philosophy of the Short-Range Flare Forecast : 

a. At the time this is being written, the business of forecasting solar flares 

remains as much art as science. Studies now in progress hold a glimmer of hope for 

the introduction of a significant amount of objectivity into future flare forecasts. 

b. Forecasts of Flare Probability. The present system of assigning a proba¬ 

bility of occurrence of a major flare reflects the inability of the forecaster to 

issue a "YES/NO" prediction. For any given forecast, the correct percentage proba¬ 

bility of a flare is either "zero" or "100"; it is the desire of the flare fore¬ 

caster to minimize the "wrongness" of his forecast. In order to accomplish this, 

a forecaster will issue varying percentage probabilities which reflect different 

"shades" of "YES" and "NO": 

0 
IS" 
20 

ft 
~w 
60 
~W 
80 
~W 
100 

Positively NO 

NO 

Maybe NO 

Maybe YES 

YES_ 

Positively YES 

or : 

Less than 5% 

5% to 15% 

20% to 35¾ 

40¾ to 45¾ 

50¾ to 70¾ 

75¾ to 85¾ 

Above 85¾ 

"If it flares, it'll be a surprise to us!" 

"It'll still be a surprise, but not such a big one." 

"We don't expect a flare, but things are getting interest¬ 
ing." 

"It really shouldn't flare, but it's getting close." 

"We should get a flare in the next 24 hours, but it's 
not a sure bet yet." 

"If it doesn't flare, It'll be a surprise to us!" 

"We can't figure out why it isn't flaring right now!" 
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a. Thrae separate forms are used as aids to the forecaster. Oeneral descrip- 

tions follow: 

»• activity Level Designator. The first form, the Activity Level Designator 

(Figure 1-1), Is not so objective as It may appear at first glance. The available 

predictors are listed on the left side; six activity levels and associated flare 

probabilities are arranged across the top of the chart. The values and ranges In 

the body of the chart are flexible and are constantly subject to revision. Because 

of the extreme flexibility of these values, a detailed discussion of Individual 

assignments would serve no purpose. The majority of the values have been deter¬ 

mined through studies of recent active regions and, while they are considered valid 

at this time, they most certainly will be changed as solar activity Increases. 

The predictor values and probability ranges are updated at regular Intervals through 

local studies prepared by personnel at the Solar Forecast Center. Although surges 

and subflares are listed as predictors, the precise relationship between rate of 

production and subsequent major flare activity has never been defined explicitly. 

Similarly, an example of data which are available but not even listed as predictors 

(because of our relative Ignorance concerning the relationship of such data to sub¬ 

sequent flare occurrence) are the radio burst data at numerous frequencies available 

from a number of observatories. Hopefully, these and other data will serve as use- 

ful predictors of flare activity in the future. 

C* Re8l0£ Hlstory« The second o' the attached forms (Figure 1-2) is the 

Active Region History chart, a record of the recent history (Including plage arl 

spot group type and area, 9.1-cm radio flux and brightness temperature, flare pro¬ 

duction) Is begun whenever the brightness temperature of a region exceeds 80,000 

degrees or whenever the region produces an Importance I flare. This chart Is a 

valuable aid In assessing activity trends and In reconciling disparities In reported 

values of various parameters. In small spot groups, for example, differences In 

observing conditions or techniques can make a difference of an order of magnitude 

in reported spot area; In larger spot groups and In plages, area reports from dif¬ 

ferent observatories can easily differ by as much as 25 percent. The SFC fore¬ 

caster is required to decide (often quite subjectively) how much relative weight Is 

to be given to any one report when that report Is at marked variance with reports 
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WHERE: WP 

P1 

Iwf 
n 

AVERAGE WEIGHTED PROBABILITY 
. .P - 

n 
.wf. 

PERCENTAGE PROBABILITY FOR INDIVIDUAL PARAMETERS 

= WEIGHT FACTOR FOR INDIVIDUAL PARAMETERS (BASED 
ON MAXIMUM RELIABILITY OF 10) 

Figure 1-1 
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from other observatories and with observed trends 

tion. 

30 December 1966 

in whatever parameter is in ques- 

d- Forecaster Checklist. The third fon, (Figure I-3), the SFC Forecaster Check¬ 

list, Is designed as a "memory-,,ogger" to be sure that every available predictor Is 

considered by the forecaster. It serves as a record of the -noughts that went Into 

the forecast and is therefore a valuable analysis tool. 

1,5 Short-Range Forecast Procedure; 

a. The foundation of the 2t-hour flare forecast Is the assessment of the flare 

potential of each active region on the disk (and. In some cases, the assessment of 

active regions which are expected to rotate over the E limb onto the visible disk). 

b' Malgnment of Flare Probability. Each of the following three techniques Is 

used; differences In the resulting flare probabilities of Individual active regions 

are reconciled before computing the final over-all flare probability. 

(1) Mtlvlty-hevel Concept. The first step of this forecast procedure Is 

to assign each active region an activity level. Indicated by one of the Roman numer¬ 

als at the top of the Activity Level Designator chart (Figure 1-1). Activity level 

selection Is based upon the spot group type and area, plage area and Intensity, peak 

radio brightness temperature, etc. No single value on the chart can be considered 

both necessary and sufficient for the assignment of a particular activity level; a 

small spot group which Is growing rapidly, associated with a large plage of high 

intensity and a moderate radio noise source, could be assigned almost any level; the 

forecaster must weigh each bit of Information In relation to all other data In order 

to choose the most appropriate level. The forecaster determines current values and 

apparent trends of flare predictors from OL reports and from Active Region History 

charts (Figure 1-2). He then combines subjective Information from the Checklist 

(Figure 1-3) with the non-quantltatlve entries on the Activity Level Designator 

chart (spot group and plage trends, plage fluctuations, coronal emission, surges, 

subflares, etc.) to decide on a specific flare probability within the assigned level. 

In marginal cases, the subjective Information under consideration may serve to 

change the activity level assigned to an active region. Most of the non-quantltatlve 

data used to alter the flare probability of a region are "positive" Indicators; that 

1-6 



30 December 1966 
4WWM 105-1 

FORECAST ISSUED:_ 

FLARE:---PROTON:_ 

PERSISTENCE (Stable activity level): 

CHANGE IN OL FCSTÎ 1: _ 3; 

CYCLIC RELATIONSHIPS: 

Return of previously active region: 

TO: 

. F10: 

4: 

Return of previously inactive region: 

Return of characteristically active longitude- 

Active region passing over W limb:_' 

E-LIMB ACTIVITY: Corona: 

Lat _R: 
Lat r. 

Loops and surges: 

Radio emission:_ 

Flares:_ 

FLARE FCST: Region No. 

♦Calcium plage (area/intensity) 

*H alpha plage (area/intensity) 

Number of spots 

♦Spot area (umbral/penumbral) 
♦Spot Brunner class 

♦Spot magnetic class 

♦Radio emission temperature 
♦Region fine structure 

ADF Fluctuating plage 

Active Longitude? 

Expected activity (+, C. -)(past/fcst) 

»Weighted mean activity level 

P. E. FCST (in addition to above) 

Quadrant 

Plage rotation no. 

FUJX FCST: (in addition to above) 

Oenter-Umb variation 

mTf'^rpeÄ'e*’ °' 
Modified 27-day persistence 

PCA expected 

PCA in progress 

Disturbance expected 

Disturbance in progress 

REMARKS: 

4WW aI™66 O'1? (REVISED) (4WWSF) 
FORECASTER: 

Figure 1-3 
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is, the presence of a positive indicator would tend to increase the forecast flare 

probability, while the lack of such an indicator would decrease the forecast flare 

probability. Some of these indicators are listed on the Activity Level Designator 

chart under "Limb Features" and "Disk Features"; others, not listed, include plage 

fluctuation and the rate of surge and subflare production. The ranges of uncertain¬ 

ties in relating a precise flare probability to a given value of a predictor are 

indicated by the lengths of the arrows assigned to predictor values on the chart. 

The specific flare probability of an active region within one of these ranges may 

be ii. .Lcated by the growth rate of the region, as follows: 

■INCREASING. 

■—STABLE-- -* 
DECREASING-. 

i RANGE 

The flare probability is assigned, very subjectively, by considering the relation¬ 

ships that exist among all the available data, including not only the specific 

values of parameters reported, but also the descriptive summaries of disk and limb 

activity, and perhaps most important, the estimates of current solar activity and 

observable trends in activity indicated by the OL's in their individual 2^-hour 

forecasts. 

(2) Weighted Flare Probability Concept. With this technique, the flare 

probability of a solar active region is determined by considering each predictor 

independently. The forecaster enters each predictor row on the Activity Level 

Designator Chart (where data are available), extracts the appropriate flare proba¬ 

bility for that predictor, multiplies each probability by its weighting factor, 

adds the products, and divides by the sum of the weighting factors used to arrive 

at the forecast. Specific flare probabilities within each range are assigned sub¬ 

jectively as in (1), above. 
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Por example: 

Predictor 

Ca Area 

Ca Brightness 

Spot Area 

Brunner Class 

Magnetic Class 

Radio Temp. 

Disk Features 

Limb Features 

Predictor 
Value 

5200 

3.5 

600 

E 

Y 

720 

Small Surges 

n/a 

Flare 
Probability 

50 

^5 

50 

50 

60 

80 

30 

Factor 

3 

5 

10 

5 

7 

10 

3 

~Tr 

4WWM 105-1 

Weighted Flare 
Probability 

150 

225 

500 

250 

420 

800 

90 

2ÏÏ35" 

2435/43 » 56.6«, the flare probability for this active region. 

(3) Objective Technique. The first of a series of studies of solar activ¬ 

ity designed for Incorporation Into a conpietely objective flare forecast procedure 

was published In April 1966 [Enger, et al„ i966:. plare probabmtles for ^ 

solar active region are computed using forecast tables based on the relationship 

flare occurrence and both the size of the associated spot group and Its 

rate of growth or dissipation. The six-hour probabilities derived from the tables 

are extended to cover a 24-hour period and are then compared with p .obabilitles 

derived In (1) and (2), above. 

C- Mnal 24-hour Plare Prohahnitv Once a flare probability 

^ haS been a3SlSned t0 eaCh °f ^ N on the disk, the total flare proba- 
billty, Pt> is computed by 

N 
Pt»l- H(1 - P1). 

1,6 Long-Range Forecast Procedure: 

As a first approximation to the five-day flare prediction the forecaster assumes 

ibat the current 24-hour prediction Is valid and that conditions on the sun will 

not change during the 5-day period. Then, the probability of at least one event in 

the 96-hour forecast period (hour 24 through hour 120) Is given by 

24-120 1 - (1 - P ) 
0“2 ‘ ' 

1-9 
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This function is Illustrated In Figure 1-4, below: 

30 December 1966 

C\J 
A I 

3! 
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OQ 
< 
QQ 
O 
K 
CU 

ONE-DAY FLARE PROBABILITY 

Figure 1-4 

This computed probability is then adjusted subjectively by considering activity 

trends of visible active regions, east-limb indications of returning active regions, 

active regions about to rotate over the west limb, and active regions which are due 

to return within the 96-hour forecast period. 

In situations where large changes in the one-day flare probability are expected 

during the four-day forecast period, use of the following formula is recommended: 

P24-120 = 1 - ïï (1-Pd) 

where Pd is the best estimate of one-day flare probability for each of the four 

days of the forecast period. 
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Chapter 2 

PROTON EVENT FORECAST 

1JWWM 105-1 

2•1 Proton-Event Forecast Format and Definitions: 

a' Proton-Event Definition« A "proton event" Is defined as the arrival at the 

earth of a detectable number of solar protons having energy greater than 20 Mev. 

The occurrence of a proton event Is normally verified by satellite observations or 

by a Polar Cap Event (PCE). 

b' SFC Forecasts. A color-coded forecast scheme referring to the beginning of 

a proton event Is issued by the SFC. The code word "PESTF" Is used for all proton- 

event forecasts. 

c- PESTF GREEN. "PESTF GREEN" means that a proton event Is not expected. Too 

few indicators favorable to the occurrence of a proton flare are observed on the sun 

d. PESTF YELLOW. "PESTF YELLOW" means that a proton event is considered likely 

If a major flare should occur. This requires the existence of optical and/or radio 

indicators favorable to the occurrence of a proton flare. 

e. PESTF RED. Once a major flare has occurred, all available data are examined 

by the forecaster to determine the likelihood of a proton event. "PESTF RED" means 

that a proton event is likely to begin before a specified time although some indica¬ 

tors may be missing; the probability of a proton event is greater than thirty 

percent. 

f. PESTF PURPLE. The establishment of a "PESTF PURPLE" requires the existence 

of additional information (over and above that necessary for a "PESTF RED") which 

confirms both proton emission and the likelihood of proton interception by the earth. 

The probability of a proton event is greater than sixty percent. 

2.2 General. As with the flare predictions described in Chapter 1, the procedure 

for proton-flare forecasting is based on analyses of individual active regions. The 

specific procedure used at the SFC is designed to contribute directly to the "Proton- 

Event Start-Time Forecast" (PESTF) format: i.e., the decision to establiáh a "PESTF 

YELLOW" is based on a pre-flare analysis, and decisions on "PESTF's RED and PURPLE" 

are based on immediate post-flare analysis of selected parameters. Both pre-flare 
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and post-flare analyses are described below. 

30 December 1966 

2,3 -Fe~Flare.,!:valuat^on- The attached work sheet (Figure 2-1) lists character¬ 

istics of solar active regions which contribute to proton-flare prediction and which 

are normally available at the SFC. The work sheet assists the forecaster in his 

subjective evaluation of each active region. The standard procedure for evaluating 

the likelihood of a proton-flare is as follows: 

A. Regions must meet three basic conditions: 

(1) Requires Active Region History Chart (see paragraph l.¿»c). 

(2) Plage area at least 3500 millionths of the solar hemisphere. 

(3) Plage brightness at least 3.0. 

B. A REGION INDEX is then determined (See Figure 2-1): 

(1) The forecaster enters each predictor line with the current 
value of that predictor; he either circles the value (if it is 
pre-printed) or he enters the current value at the appropriate 

(2) The INDEX for each parameter is determined and is listed in the 
far right-hand column; the indices are summed and a mean index 
is computed. 

In addition to computing the REGION INDEX, the forecaster considers 
the distribution of the parameters in a "FAVORABLE/UNFAVORABLE" 

''PAvn£?¿T?»ramet€T? Wï?Se lndic®s are greater than 3.9 are considered 
FAVORABLE — all others are listed in the "UNFAVORABLE" column. 

The fina! decision on whether to establish a "PESTF YELLOW" is sub- 

TMncvVe wlth the Judgement of the forecaster. The REGION 
INDEX and the "FAVORABLE/UN.paVORABLE" distribution are used as 
guides. For example, the simultaneous existence of a REGION INDEX 
greater than 3.5 and a parameter distribution showing 70¾ of the 
available predictors in the "FAVORABLE" column would usually result 
in a decision to esablish a "PESTF YELLOW" condition. 

Studies are in progress at the SFC to improve the subjective placement of indices 

and to determine weight factors for each of the listed predictors so that the evalu¬ 

ation may be carried out as in Chapter 1. Each of the parameters listed in Figure 

2-1 is described below. 

a' Calcium Plage Area. Although proton flares are usually associated with large, 

bright, flare-rich plages, only a few such plages actually produce proton flares. 

Of the 520 McMath numbered plages in 1957, 78 (15¾) produced major solar events, but 

only 13 (2.5¾) produced all 17 Polar Cap Events (PCE's) observed in that year 
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[Sherry, 1966]; similarly, for the period 195^1-1963, 40 

The distribution of plage size and PCE production Is as 

30 December 1966 

plages produced 59 PCE's. 

follows [Jonah, 1966]: 

MEAN PLAGE AREA 

TOTAL # OBSERVED 

# PRODUCING PCE's 

% PRODUCING PCE's 

> 4000 > 5000 > 6000 

328 224 172 

36 29 27 

11 13 16 

b. Calcium Piage Brightness. 

least 3.0 [Jonah, 1966]. 

The McMath brightness of every PCE plage was at 

o. Plage Rotation Affe. Thirty-five of the 40 PCE plages listed by Jonah [1966] 

were in their 2nd or 3rd rotation. The following table shows the PCE plages listed 

by rotation age and hemisphere. (Plages which were composites of different ages, 

excluding two first-rotation plages, are listed by the youngest age.) 

ROTATION 3 4 5 6 TOTAL 

NORTH 

SOUTH 

1 13 10 2 1 

7 5 1 

27 

13 

TOTAL PLAGES 1 20 15 2 40 

It should be noted that of the approximately 4000 plages reported rrom late 1954 

through 1963, only 110 plages returned for an active 2nd disk passage, and 77 

returned for an active 3rd disk passage; therefore, 18% of all 2nû-rotation active 

plages and 19¾ of all 3rd-rotation active plages produced PCE flares. Only one of 

the 4000 plages reported produced a PCE during the Ist-rotation. 

Magnetic and Zurich Class. The following table illustrates the distri¬ 

bution of PCE flares by spot magnetic class and Zurich cüass [Jonah, 1966], Note 

that E-type spot groups were observed slightly over 4 times more frequently than 

F-type groups during the period under consideration; E groups produced only about 

3 times as many PCE flares as did F groups, indicating that the F classification may 

be slightly more significant. Similarly, beta-gamma spot groups were observed 

nearly 2.5 times more frequently than gamma groups during the period examined by 
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Jonah, beta-gamma groups produced on!y l.5 times as many PCE's as did gamma group,, 

indicating that the beta-gamma classification may be more significant. 

The placement of the delta configuration in Figure 2-l is based on an article by 

Warwick [1966]. In the actual use of the work sheet, any spot group which was once 

reported as complex is rated as a complex group as long as it is on the disk, that 

IS. a group now rated as a beta but which had been a beta-gamma or gamma will not 

receive an Index less than 4.0. 

e. SEot area. Analysis of PCE data given by Jonah [1966] gives the following 

distribution Of PCE flares with spot area (spot group fluency obtained from Jonah 

Dodson-Prlnce, and Hedeman [1965]: 

. SPOT AREA 
(millionths of the solar hemisphere) 

Under 
500 

500- 
1000 

Over 
1000 

TOTAL # SPOT GROUPS OBSERVED WITH 
mean area within given limits 

# GROUPS PRODUCING PCE's 

# PCE FLARES PRODUCED (six PCE flares 

ühi>ha!íS?Clated Wlth spot groups for 
which data are not available.) 

4 

4 

318 

17 

19 
(32*) 

153 

20 

30 
(51*) 

Although there are no conclusive statistics available at the present to relate PCE 

occurrence with spot growth, flares are most fluently observed in rapidly-growing 

regions [Warwick, I965]. 8 
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f- Disk Position. The following Illustrates che distribution of PCE flares 

over the solar disk during the period late 195^ through 1963 [Jonah, I966]: 

CENTRAL 
MERIDIAN 
DISTANCE 90°E i»5°E CM 45°W 90°W TOTAL 

NORTH 4 10 13 9 36 

■OUTH 3 8 7 5 23 

TOTAL 7 18 20 14 59 

g* Seasonal Variation. Figure 2-2 is a graph of PCE's taken from various 

sources showing the seasonal variation of PCE observations. Note the apparent 

maxima near the equinoxes and minima near the solstices (the minimum near the summer 

solstice is more apparent in major-event observations). 

h. 10-cm Flux Deviation. Seventy-four percent of the 59 PCE's listed by Jon. h 

[1966] occurred when the daily 10-cm flux value prior to the PCE flare was above the 

90-day running mean ending on that day; this is illustrated in Figure 2-3. (A study 

of major flares during 1966 shows that 90¾ occurred when daily flux values were 

above the 90-day running mean [Tudor, 1966].) 

!• Radio Brightness Temperature. The Stanford 9.I cm radio brightness tempera¬ 

ture is included as a predictor even chough correlation studies have not been com¬ 

pleted. Placement of brightness temperatures in specific index ranges is based on a 

subjective evaluation with reference to brightness/flare-production relationships. 

J• Other Predictors. Personnel at the SFC are engaged in local studies involv¬ 

ing ether predictors. Spot growth, spot age, heliographic longitude, filament 

configuration and activity, and flare activity are the additional parameters now 

being evaluated for their relationships with major flare and PCE production. 
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2,Li Forecasting a Proton Event After a Major Flare Occurs: 

4WWW 105-1 

a. This section will consider forecasting those proton events which are detect¬ 

able In the vicinity of the earth, given that a flare of at least Importance 2 has 

been optically observed. Most of the pre-flare characteristics considered in the 

previous section are also important in post-flare analysis. 

b. Once the optical flare is observed and reported, the forecaster has little 

time to make a firm proton event forecast. Particles may begin arriving at the 

earth within a half hour, but may be delayed several hours. The delay time between 

the optical flare onset and the arrival of particles rarely exceeds l8 hours; the 

average delay tine is approximately 4 hours [SFC, 1966]. Figure 2-4 has been 

designed by Center personnel to assist the forecaster in making a rapid proton event 

forecast. This figure incorporates pre-flare characteristics as well as the major- 

flare-associated characteristics which sometimes accompany large flares. The figure 

represents an accumulation of statistics which can be compared and used to calculate 

a proton event forecast. 

c. Once the large optical flare occurs, the detection of particles at the earth 

depends very heavily upon the configuration and strength of the geo- and interplane¬ 

tary magnetic field. The radio events associated with the optical flare, as well as 

the position of the flare on the disk, provide the most reliable tools to forecast 

this detection (Figures 2-4, 2-5 and 2-6). Figure 2-5 is adapted from data listed 

in NASA Program Apollo Working Paper No. 1193 [1966]. Figure 2-6 is based on a 

short term proton event prediction method using Type IV radio bursts and flare disk 

position [SFC, 1965]. The four recorded cases of large white light flares during 

the period 1958-1963 which are listed by Bruzek [1964] as all being associated with 

proton events are too few to be a reliable predictor. Reports of loop prominence 

systems on the solar disk and west limb offer a fairly reliable predictor; however, 

Bruzek's tables list only 20 limb loop systems and 25 disk loop systems during the 

period November 1956 through September I963. 

d. As a general rule, the larger the solar flare, the stronger will be its 

associated radio events. Proton events are much more likely to be associated with 

the larger flares and stronger radio events. However, it is generally not sufficient 
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to have only the flare and one other predictor to make a successful forecast. In 

fact, Dodson and Hedeman [196*0 found the only sufficient condition for a proton 

event to be the simultaneous occurrence of an Importance 4 flare covering large 

umbra, great Type IV emission and great 10-cm burst with maximum after the H-alpha 

maximum. 

e. Figure 2-4 is used anytime a flare of Importance 2 or greater Is reported. 

As soon as One of the predictors, Pn, Is known, a percentage for that predictor Is 

assigned. (Note: Either P, or P3 will be used as a predictor, depending on whether 

or not a Type IV radio burst has been reported.) The predictors are not weighted. 

A final percentage P is assigned using the formula: 

1 - (1 - PJ 

f. / fter P is calculated, the solar forecaster applies the result in determin¬ 

ing the color coded Proton Event Start Time Forecast (PESTF). 
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Chapter 3 

FORECASTINQ THE 10-cm SOLAR RADIO FLUX_ 

3.1 general. Superimposed upon the steady thermal emission from the quiet sun, 

there Is a component which shows dally variation. This slowly varying or S-compon- 

ent is revealed in measurements at centimeter and decimeter wavelengths and is cor¬ 

related with total sunspot area. In general the 10-cm flux under quiet sun condi¬ 

tions originates in the chromosphere. When active regions are present the slowly 

varying component is introduced and its source is considered to be the lower corona. 

3.2 of Variations in the S-Component. The S-component of the 10-cm radio flux 

is produced in the corona above active regions. The variations in the intensity of 

this flux can be divided into three types which are related to changes of the active 

regions. These are: 

Type I: Center-to-limb variation 

Type II: Large-scale variation 

Type III: Small-scale variation 

a. Type I, Center-to-Llmb Variation. Due to the anisotropy of the solar emis¬ 

sion at decimetric wavelengths, the movement of active regions across the solar disk 

produces variations in the flux recorded at the earth. Figure 3-1 shows the center- 

to-limb variation for a strong, moderate, and weak source at 9.1 cm [Swarup, 1963]. 

(The flux density is: strong > 15, moderate 8-15, weak 3-8, in units KT22 w/m2 <ps.) 

Figure 3-J. Center-to-Limb Variation [Swarup, 1963] 
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There is no ambiguity in using this graph for regions passing from central merid¬ 

ian (CM) to the west limb; however, an independent strength determination must be 

made when the region first appears on the east limb. (Flux values which determine 

the strength are CM values.) This determination is made from optical observations 

at the limb, that is, strength of coronal line emission, plage size and intensity, 

»unspot size and type, and surge and prominence activity. 

-T.yPe Large-Scale Variation. As an active region progresses through its 

life cycle, its sunspot area and magnetic field increase to a maximum and then 

decrease. The flux emitted from the region shows a similar va ’iation. A typical 

sunspot growth curve is shown in Figure 3-2. 

Figure 3-2. 

An area-growth curve (Figure 1-2) for each active region can be extrapolated 

following the basic form presented in Figure 3-2, to provide fu-.re values of 

sunspot area. Generally, this type of variation is fairly continuous (within the 

limits of observation) and extrapolation is feasible. 
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c. Type III, Small-Scale Variation. This type of variation Is short-term 

(about 1 to 4 days) and Is superimposed on the long-term changes discussed above. 

This type of flux Increase Is probably produced by Increased turbulence and elec¬ 

tron thermal velocity within the active region. Unfortunately, there are currently 

no methods to anticipate these rapid changes. A forecaster must, however, recog¬ 

nize this type of change in order to prevent overforecasting by misinterpreting 

these short-term changes as indicative of long-term variations. Type III vari¬ 

ations have the following characteristics: 

(1) They are suduen and do not correlate with sunspot growth or movement. 

(2) The active region usually shows other signs of increased turbulence, 

e.g. , flares and/or subflares, surges, and active filaments. 

3-3 Regression Equations. When major regions are present on the disk, the existing 

trend and the above sections should receive major consideration. For other 

periods, and as a guide, various regression equations are available. The follow¬ 

ing set, developed by the Traveler’s Research Center, Inc., under the auspices of 

Air Force Cambridge Research Laboratories (AFCRL), is used daily at the SFC. 

a. 1-day forecast: 

F1 - 0.7687 + 1.0929F0 - .O^F^ - .0951F_3 - .0375F_U - .0211F_13 + 

.0015F_19 + .0A29F.23 

b. 2-day forecast: 

F2 - 1.6063 + 1.1315F0 - .1'432F_2 . 1173F_3 - .Oi»99F_ij - .0H99F_12 + 

.llo2F_u + .022iJF_19 + . 0793F.23 

c. 3-day forecast: 

F3 - 2.5208 + 1.2188F0 - .1516?^ - .1HH2F_2 - .1924F ^ - .0399F ^ + 

.1^26F_l4 + .0224F_l9 + .1271F 22 

Where F^, F2> and F^ are forecast values for days 1, 2, and 3; FQ is the flux 

and the day the forecast is issued; F F .... are observed values on the 

appropriate days in the past. 
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Chapter 4 

_ ._FORECASTING GEOMAGNETIC ACTIVITY_ 

1 ühe Forecast of Geomagnetic Disturbances. A magnetic disturbance has at least 

five major components ami many associated physical effects. 

a* Major components of a Magnetic Disturbance D. [Cole, 1966]. 

D * DCF + DR + DT + DI + DG. 

A magnetic disturbance has at least five major components which result from: 

(1) Currents caused by solar corpuscular flux interacting with the earth's 

magnetopause (DCF). 

(2) One or more magnetospheric ring currents (DR). 

(3) Magnetospheric tall currents (DT). 

(4) Ionospheric currents (DI). 

(5) Induced ground currents (DG). 

The DCF and DT effects are always present, however they are enhanced at times of 

sudden commencements and polar magnetic substorms, respectively. Magnetograms from 

equatorial and polar regions show the DR and DI effects, respectively. Ground cur¬ 

rents have been detected, and they must share in the total disturbance. 

b’ Physical Effects Associated With a Magnetic Disturbance. The following are 

direct and indirect effects associated with a magnetic disturbance [Cole, 1966]. 

Not all the effects are necessarily expected with every disturbance. 

(1) Depression of the geomagnetic field at the equator. 

(2) Polar magnetic bays. 

(3) Irregular magnetic activity. 

(4) Gradual or Sudden Change (GC or SC) in the level of the magnetic trace. 

(5) Active aurora or enhancement of the quiet aurora. 

(6) Stable auroral red arcs. 

(7) Change in the structure of the ionosphere. 

(8) Heating of 3 upper atmosphere. 

Magnetic bays are transient departures of the magnetogram trace from normal. The 

average duration of the departure is one half to one hour. 
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C‘ —eat Oeomagnetlc Storms. Geomagnetic disturbances or storms are usually 

classed according to the value of A 
P* 

No storm: Ap <25 

Small storm: Ap >_25 

Moderate storm :Ap >_50 

Great storm: Ap >_100 and/or Kp >_9-. 

Great geomagnetic storms are usually associated with a major solar flare. For this 

reason the precursors to a great geomagnetic storm are usually well marked. The 

list that follows represents the ideal conditions for a categorical YES forecast 

for a great geomagnetic storm. 

(1) An importance 2 or greater solar flare that occurred 

(a) within of the central meridian 

(b) in the northern hemisphere 

(c) in a magnetically complex spot group 

(2) A type IV radio burst that was 

(a) over cm and meter wavelengths 

(b) at least I5 minutes in duration 

(c) preceded by a type II burst 

(3) A polar cap absorption event 

The first two conditions can be evaluated at the time of the flare occurrence. The 

polar cap absorption, which normally occurs within 10 hours of the solar flare, 

should serve to strengthen the certainty of the forecast made on the basis of the 

first two conditions. 

There is evidence that the northern hemisphere of the sun has been the most probable 

source of great geomagnetic storms during the 20th century. However, in the last 

half of the 19th century the southern hemisphere was the more active in the produc¬ 

tion of great storms. It is not possible to predict when the northern hemispheric 

preference will wane in favor of the southern. 

The delay time between the start of a "proton flare" and the start of the PCA may be 

used to estimate the start time of the geomagnetic disturbance. SFC personnel have 

added data to those considered by Warwick [I963] and now forecast a SC disturbance to 

begin (0.73t + 20) hours after the start of the PCA-associated flare (t is the time in 

hours between the start of the flare and the start of the PCA). For PCA delay times 

of less than ten hours, the above expression gives the earliest expected geomagnetic- 
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disturbance start time. The geomagnetic disturbance may be expected to start 20 to 

40 hours after the associated flare; the most probable delay time Is about 36 hours. 

d. ürJRgglon Storms. In contrast to the sudden commencement geomagnetic storms, 

which are flare-associated and non-recurrent, gradual commencement storms are associ¬ 

ated with localized "K (magnetic) -regions" [Bartels, 1934], which seem to be fixed 

locations on the sun that emit streams of plasma and recur with about a 2? day peri¬ 

odicity. Although they occur throughout the solar cycle, M-regions are most common 

in the two to three years before solar minimum. There are differing opinions as to 

whether or not M-regions are related to optical features such as plages or sunspots. 

It has also been suggested that they are related to the remains of formerly visible 

features. The plasma from M-regions can usually be distinguished from the undis¬ 

turbed solar wind by the plasma's higher velocity. 

The recurrent nature of M-region storms is a useful forecast tool, but it involves 

several difficulties: 

(1) There is no assurance that an M-region disturbance will return, although 

they usually do. 

(2) If they do return, they often appear after 28 days instead of the expected 

27, and occasionally they return a day early. 

(3) The size of a returned disturbance only roughly approximates its size 

in the previous solar rotation. 

e' Lunar and Planetary Influences. Several researchers have sought to corre¬ 

late lunar and/or planetary phase with geomagnetic activity. Such individuals are 

confronted with the two-fold task of establishing their results as statistically 

significant and of suggesting a plausible physical explanation of their results. 

The literature provides a variety of conclusions, some contradictory, yet each 

regarded by its author as statistically sound. 

One author, [Bigg, 1963], used magnetic data from 1874 to 1958 and discovered a 

decrease in geomagnetic activity within two days of new moon and within two days of 

inferior conjunction of Mercury and of Venus. In each of these cases the moon. 

Mercury, or Venus would be near the earth-sun line. Bigg postulated that the geo¬ 

magnetic field is partially shadowed from the solar wind by the intervening body. 

This shadow effect causes a decrease in geomagnetic activity. Bigg also reported 

that there is an increase in magnetic activity within one day after full moon and 
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that magnei Ic storms are more frequent when the earth is near the equinoxes. 

Using data from 1932-1959, [Stolov, 1965] and [Bell and Defouw, 1966] found a 

decrease In geomagnetic activity before full moon and an Increase after full moon. 

This effect was most apparent when the celestial latitude (or angular distance from 

the plane of the ecliptic) of the full moon was small. When the celestial latitude, 

B, taken without regard to sign, is less than one degree, the lunar effect Is great¬ 

est. For angles of one to four degrees from the ecliptic the effect is somewhat 

less, and the minimum ana maximum activity occur about a day later. For over four 

degrees up to the largest possible angle of Just over five degrees, the effect is 

not apparent. 

The proposed explanation for this lunar modulation of geomagnetic activity involves 

the geomagnetic tail, which is discussed in Attachment 2. The tail lies approxi¬ 

mately in the plane of the ecliptic, along the earth-sun line. Satellite measure¬ 

ments have established that it extends well past the moon's orbit. For small 

celestial latitudes of the full moon, the moon passes through the center of the 

tail where interactions may occur that propagate back to the earth. 

Complications in the concept of lunar modulation of the geomagnetic field arose 

when a study of magnetic data from 1889-1932 (solar cycles 13-16) did not show the 

significant variation of activity around full moon that appeared in the 1932-1959 

data (cycles 17-19). However, the effect did seem to be present once again in the 

1884-1889 data (cycle 12). At least two conclusions may be inferred: the length 

of the magnetic tall varies markedly with the 80-year solar cycle; or the detection 

of lunar modulation in some of the data was a statistical fluke. 

The questionable statistical significance of lunar and planetary influences on geo¬ 

magnetic activity is not likely to be resolved until the physical mechanisms 

involved are more firmly established. Furthermore, if one assumes that the lunar 

modulation at full moon is a valid forecast technique only during alternate periods 

of four solar cycles each, the technique will be effective only until the end of 

cycle 20, about 1975. It will then be another 1)¾ years before the lunar modulation 

of geomagnetic activity again becomes effective. 

Other Forecasting Techniques. A method of forecasting small magnetic dis¬ 

turbances is currently under study at the Solar Forecast Center. Preliminary 

results indicate that a sufficient change in the ratio of the 88OO MHz solar radio 
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flux to the 2695 MHz flux usually precedes a geomagnetic dlsturhance of Ap > 10 by 

about three or four days. Changes In the ratios of the fluxes at other frequencies 

are also being Investigated. This "flux ratio" technique seems to be fairly suc¬ 

cessful in forecasting disturbances which had not appeared In the sun's previous 

rotation. In addition, the method can lend support to predictions that a given M- 

region disturbance will return. 

A quantitative forecast technique Is also under study to forecast the occurrences 

of Ap >_50 and Ap 1.100. The preliminary work has yielded the following approach to 

the problem: 

PRELIMINARY TECHNIQUE FOR THE FORECAST OF 

LARGE GEOMAGNETIC DISTURBANCES 

CRITERIA 

nín occur of importance TWO or greater? 

Dirt Ihl ríare °CCUr ln the noi:thern hemisphere? 
Sîrt îîare 0CCUr Withln of the central meridian’ 
Did the flare occur in a ß, ßyor 6 spot group? 
Did a type II radio burst occur? 
Did a type IV radio burst occur? 

nîrt ïyPe ™ burst occur for 1 15 minutes? 
Did ahtv2P?TIV ^rSî 0CCUr 0Ver cm and m wavelengths? 

oíd a icA o"ui? Pre0e<ie a type IV burst? 

YES 

9 
7 

10 
11 
11 
11 
Ik 
13 

NO 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total^the^correspondlng^E^occurrence^alues61* ^ ÒS°no. 

ísrGC>aS605?oFeí!i4 i00>f°îoShforetCrd day i°rilioW;Lng tbe °lar¿.°’lí'the ïotal^G, _ OU loreca. t Ap >_ loo for the second day following the flare. 

^ Estimating ApJVom^^ The Ak as determined for Fredericksburg, Va. 

as the basis for estimating Ap until Ap values are compiled and published 

low and high values of A A and ¿ ^ x , 
P’ P Ai< for Fredericksburg are nearly the sar 

gure /<-1 shows the correlation for medium values. 

used 

For 
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5.1 ceneral. The pr-edlctlon of moSt physical parametecs over a relatively extended 

period of time (e.g., in excess of five days) has always been difficultj quite und<* 

standably the forecasting of solar activity for such periods Is no exception. Com¬ 

paratively little research has been directed toward methods of extended forecasts 

of solar parameters, and the product of this limited research has been only partially 

successful. The Solar Forecast Center, which has been routinely Issuing 27-day 

solar activity forecasts since 13 April 1966, has been attempting to develop and 

refine forecasting techniques to predict various solar parameters which describe 

the levels of solar activity over extended periods. 

5.2 Philosophy of Extended Period Forecasts. Available research papers on this 

subject have been screened and portions of many Incorporated Into forecast proce¬ 

dures at the Center; forecast studies prepared at the Center have proved helpful; 

several computer programs have been and are being run In a search for additional 

forecast aids. Given an extant region. Its growth and decay patterns may be fol¬ 

lowed on a day-to-day or shorter time period basis at the SPC. The more active 

regions usually set up growth patterns which can be extrapolated Into the 27-day 

forecast period. Nevertheless, one very basic problem of solar physics remains 

unsolved: forecasting the birth of an active region. 

5'3 ^ended PencKi Forecast Format and Definition.. A 27-day three.part Extended 

Period Forecast, with the valid dates given, is issued by the Solar Forecast Center 

at I8OOZ each Tuesday. The valid period and definitions are given In Part I of this 

forecast. A forecast 27-day mean value of the 2800 MHz flux density is given in 

Part II with the inclusive dates to expect significant deviations from the forecast 

mean. The following significant deviation categories are used: 

a. MUCH BELOW MEAN. For periods when the daily value is forecast to be more 

than 20 percent below the expected mean. 

b. BELOW MEAN. For periods when the daily value is forecast to be 10 to 20 

percent below the expected mean. 

c. NEAR MEAN. When the daily value is forecast to be within 10 percent of the 

expected mean. 
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d- ABOVE MEAN. Por periods when the dally value is forecast to be 10 to 20 

percent above the expected mean. 

e. MUCH ABOVE MEAN. For periods when the daily value is forecast to be more 

than 20 percent above the expected mean. 

The final portion of the forecast provides an indication of the expected flare 

activity during the forecast period. A range in the number of importance one, two, 

three, and four flares which may be expected is given, followed by an appropriate 

remark indicating the most likely period(s) to expect the most activity. 

5.^ Forecast Procedure. 

a. Many of the charts, graphs, etc., which are used in making routine daily 

solar activity forecasts prove useful as aids in preparing extended period forecasts 

These include the SFC Active Region History Chart (discussed in 1.4c), a region 

return list, a record of daily activity, a chart on which the daily 2800 MHz solar 

.radio flux density is plotted, and a chart showing the mean monthly smoothed flux 

density at 2800 MHz. Addition,! aids developed by Center personnel and others are 

also used and are discussed with the above in the following paragraphs. 

b. Step One. The first step on the normal forecast procedure involves deter¬ 

mining current values and apparent trends of several parameters. The forecaster 

plots each significant region he expects to be on the visible disk during the 27- 

day forecast period in a manner similar to that illustrated in Figure 5-1. Histori¬ 

cal data are plotted for each region, indicating previous presence of spot groups, 

9.1-cm radio-noise sources, flares and significant west-limb tendencies which might 

have been associated with the previous disk transit. Account is taken of helio¬ 

graphic longitude and latitude and growth/decay patterns the regions have exhibited 

on their previous passage. As an additional aid, the forecaster employs a set of 

contingency tables developed by Weddell and Leavell [1963] at North American 

Aviation. Given the plage parameters of brightness and area, these tables give a 

percentage probability that a returning plage will produce one or more flares of a 

certain size during its next transit of th^ visible disk. The forecaster then 

assigns a weighting factor (usually on a scale of zero to five) for each region 

based on both the probability of return and the expectation that such return will 

exhibit flares and/or spots. These weighted values are then summed over each day 

5-2 



« 

5-3 

F
i
g
u
r
e
 
5
-
1
;
 

L
o
n
g
-
R
a
n
g
e
 
F
o
r
e
c
a
s
t
 
W
o
r
k
 
S
h
e
e
t
 



30 December 1966 JjWWM 105-1 

of the forecast interval, thus providing an indication of when various levels of 

activity are to be expected during the forecast period. Comparison can then 

be made with previous apparently active longitudes and/or rotation cycles (usually 

going back only four or so cycles) and appropriate adjustments made. The Solar 

Forecast Center is presently investigating active longitudes which some researchers 

[Warwick, 1965] have found to occur, at least Insofar as proton producing flares 

are concerned. There is reason to believe that these longitudes, if they do exist, 

might well vary from cycle to cycle, and indeed, even within a given cycle. Thus, 

studies are being conducted at the SFC in an effort to discover which longitudes, 

if any, seem favorable for the development and growth of plages and sunspots, as 

well as for those longitudes which seem preferred for flare production. As yet, 

no positive results have been obtained. 

c. Step Two. Step Two involves forecasting the mean 2800 MHz radio flux 

density (uncorrected to one AU) and significant deviations from this expected 

mi_an. A fair first approximation to these parameter may be had by fitting "today's" 

flux density value to the activity levels obtained in Step One. The forecaster will 

then consider the expected 27-day running mean for the forecast period. In 

doing so, he is able to take advantage of the fact that the ascending and descending 

branches of the solar cycle are relatively linear over a sufficiently long period 

of time. Cycle 20 has so far proven to be no exception to this tendency and has 

shown a rather linear increase of flux density over 27-day running mean periods as 

illustrated by the nomogram in Figure 5-2. The forecaster may extrapolate by 

straight-line projection an approximate expected mean for the period of his fore¬ 

cast, accurate to within roughly five percent. From experience gained by analysis 

of Cycle 19, one expects the present slope (about 1Q% yearly increase) to undergo 

change. As this change takes place, the forecaster will alter his predictions 

accordingly. Regression equations develo'ped by The Traveler's Research Center, Inc. 

for AFCRL are also considered; the preliminary equations listed below predict 27-, 

30-, 5^-, and 60-day means of radio ilux: 

(1) Predicted 27-day mean: 

Y(90) « 4.0210 + 0.38o46(Y86) + 0.34343(Y81) + 0.11092(Y13) + 

5-4 
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(2) Predicted 30-day mean: 

Y(91) ■ 4.2236 + O.3882KY86) + 0.34907(Y81) + O.II315CYI3) + 

0.11246(Y68) 

(3) Predicted 54-day mean: 

. Y(92) - 5.2862 + 0.11777 (Y87 ) + O.3OO8UY8I) + 0.079681 (YI3 ) + 

0.138l5(Y68) + 0.31577(Y89) 

(4) Predicted 60-day mean: 

Y(93) » 5.5673 + 0.13937(Y87) + 0.292l4(Y8l) + 0,084741(YI3) + 

0.31046(Y89) + 0.12283(Y68) 

where 

Y(93) - Predicted Mean Flux of Days 1 thru 60 

Y(92) ■ Predicted Mean Flux of Days 1 thru 54 

Y(91) * Predicted Mean Flux of Days 1 thru 30 

Y(90) * Predicted Mean Flux of Days 1 thru 27 

Y(89) = Observed Mean Flux of Days Zero thru -59 

Y(87) * Observed Mean Flux of Days Zero thru -29 

Y(86) = Observed Mean Flux of Days Zero thru -26 

Y(8i) = Flux on Day of Forecast (Day 0) 

Y(68) * Fxux on Day -13 

Y(13) = Flux on Day -68 

The forecaster then checks the daily solar radio flux density chart for any signif¬ 

icant cyclic relationships which have occurred during the past several rotations. 

Periods of significant deviations from the mean are assigned following the estab¬ 

lished category definitions. A final check is then made of the preliminary mean 

value prediction, and any necessary adjustments are made. 

Step Three. At this point, the forecaster determines the number of flares 

to be expected in the various importance categories. Three important aids in this 

procedure are the Active Region History charts (Figure 1-2), a chart relating 2800 

MHz flux density and flares (Figure 5-3), and the North American contingency tables 

[Weddell and Leavell, I963]. Realistic ranges in the number of flares of each 

importance are subjectively forecast using these aids. 
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e. Step Four. The first three steps involve making the forecast, whereas the 

final step involves checking the product for consistency. No additional tools are 

employed; rather each part oí’ 'h forecast is checked against the others to insure 

consistency. The flux density forecast is also checked to insure the significant 

deviation categories are approximately in balance. 

5.5 Future of Extended Range Forecasts. It would be incorrect to say there is no 

skill involved in the preparation and production of extended period solar activity 

forecasts. Experience at the Solar Forecast Center indicates such a forecast is 

possible and demand indicates the product is desirable. The problems which confront 

an extended period ’forecaster are quite similar (though more massive) to those 

encountered by forecasters predicting solar activity on a day-to-day basis, namely, 

development of existing regions, growth and development of new regions, and proba¬ 

bility of flare production in these regions. In addition to the programs in prog¬ 

ress at the SFC to investigate the possibility of active longitudes, existing data 

are being re-screened for new predictors other than intensity and brightness of 

plage areas which might aid in the prediction of birth or return and development of 

centers of activity. As forecasters gain more experience in handling these complex 

problems, and with the influx of new data such as daily x-ray measurements, magnetic 

observations and in-depth measurements of solar radio flux, the Center hopes to 

develop new tools and techniques which, will better enable the forecaster to attack 

the problems presently confronting him. 

WILLIAMsgifljaP, 2d Lt, USAF 
Chief, Administrâtive Services 

Commander 

RICHARD M GILL, Colonel, USAF 
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SOLAR FORECAST CENTER STUDIES 

A-l. General. Personnel at the Solar Forecast Center are constantly examining both 

historical and real-time solar data in an effort to develop new forecast techniques 

and to improve and refine old techniques. The results of a few of these analyses 

and studies are presented below. 

A"2, §£Pi~Ar’ea/F:i-ar’e Relationship. Figure A-l represents a part of a continuing 

data analysis being performed by TSgt Richard Agee. The probability of the occur¬ 

rence of a flare of Importance Two or greater was determined as a function of spot 

area for spot groups observed within 60° of the heliographic Central Meridian. 

Other predictors under study include spot growth rate, age, Zurich (Brunner) class, 

magnetic class; plage area, brightness, and age; radio brightness at 9.I cm and 

3.^ mm. These studies are particularly valuable because they are based on current 

data and hence enable forecasters to keep abreast of changing relationships in dif¬ 

ferent stages of the solar cycle. 

A-3• Radio Data. Figures A-2 and A-3 were designed to give the forecaster or the 

forecast user a graphic guide to the character of variations in solar 10-cm radio 

flux. Figure A-2 should be especially useful to the person interested in a long- 

range outlook for the expected behavior of solar radio flux in Cycle 20; various 

horizontal lines on the chart indicate flux values below which the specified per¬ 

centage of daily readings were observed. 
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RANGE OP OBSERVATIONS WITH CERTAIN VALUES OF CORRECTED 2800 MHZ FLUX (BY YEAR) 

00:8 MINIMUM OBSERVED - 25 PERCENT 

25 PERCENT - 75 PERCENT 

113:13 76 PERCENT - MAXIMUM OBSERVED 

(Flux values below which 
the specified percentage of 
daily readings were observed.) 

Figure A-2 

3 
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THE MONTHLY VARIATION OP 2800 MHZ SOLAR FLUX (OTTAWA) 
FOR THE PERIOD FEBRUARY 19^7 - JANUARY 1965 WHICH 
INCLUDES TWO SOLAR MAXIMUM AND MINIMUM PERIODS. 

Figure A-3 

with 

Value 
Month 

Mean 

with 

Value 
Month 
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GEOMAGNETISM 

T-Ü£ Solar-OeomaBnetlc Belatlonshlp. The earth's observed magnetic field Is 

modulated b, the Interaction of the field „1th the electromagnetic and corpuscular 

radiation from the sun. 

a' ^-liarth'5 "atn llagnetlc Field, The earth's main magnetic field Is the 

part of the observed field that originates In the Interior of the planet. This 

main field Is to a first approximation a dipole magnetic field. Most of the main 

field is believed to arise from electric currents that flow In the molten metallic 

core of the earth. While the configuration of the Internal currents Is such that 

the field at the surface resembles that of a dipole, there are regional and surface 

anomalies which cause significant departures from a dipole field over large areas 

of the earth. The magnetic field Is a vector-field. That Is, the earth's magnetic 

field at every point has both a magnitude and a direction. The three basic elements 

of the magnetic field vector, F, are the horizontal plane component, H, the decli¬ 

nation angle, D, and the Inclination angle or dip angle, I. These basic elements 

are shown In Figure B-l. 

North 

1— ^East 

I 
I 
^ Down 

D = Angle between "x and "h 

I = Angle between Tî and F 

Figure B-l. Elements of the Magnetic Field Vector F 

S 
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The magnetic field vector can be described by other combinations of three elements 

such as (XjY,-?), (H,D,Z) or (|F|, I,D). X,Y,Z are the three local conventional car¬ 

tesian components of the magnetic field vector F. The sign conventions for the mag¬ 

netic field elements are as follows: 

X ■ Positive North. 

Y ■ Positive East. 

Z ■ Positive to the nadir (down). 

D ■ Positive measured Eastward from North In the horizontal plane. 

I » Positive measured downward from H to F In the vertical plane. 

The X,?,"? and H components as well as the magnetic field vector F are measured In 

gauss (r) or gammas (y). One hundred thousand y's are equal to one gauss, (r- 105y). 

The magnetic field at the surface of the earth varies from approximately 0.6 gauss 

in the polar regions to about 0.3 gauss in the equatorial regions. 

6. The Magnetosphere and the Relationship to the Solar Wind, With the advent 

of satellites we have the ability to investigate the magnetic fields that surround 

the earth. At the same time interest developed in the continual corpuscular radi¬ 

ation from the sun. From the satellite observations a rather comprehensive but 

qualitative picture has developed for the general interaction of the solar wind and 

the magnetic field of the earth. Corpuscular radiation is continually emitted from 

the sun in the form of a plasma. The energy density of the flowing plasma from the 

sun (solar wind) is great enough to confine the magnetic field of the earth to the 

general configuration shown in Figure B-2. 

Shock Front 
.Magnetopause 

Magnetic Tail 

Figure B-2. Schematic of Geomagnetic Field 
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e 18 kn0Wn ab0Ut the exact Of ^ geomagnetic tall; noweven. It la relt 

that the tall eatenda beyond the orbit or the moon. Changea In the flux of the 

aolar wind cauae changea in the configuration of the magnetoaphere and the aaaocl- 

ated boundary aurfacea. Aa the configuration of the magnetoaphere changea ao doea 

the magnetic field at the surface of the earth. 

—-th 3 IonosPheref Solar Electromagnetic Radiations, and Their Relation 

i^Oeomasnetlam.. fl current flow will produce an aaaoclated magnetic field. Several 

variations In the geomagnetic field are caused by transient currents that flow In 

the earth's Ionosphere. A current flow requires charged particles. Electromagnetic 

radiation of less than 3000 J la absorbed by the atmosphere constituents. The 

energy of the radiation between 1000 - ^nnn S * 
tween luoo 3000 A Is not great enough, except for the 

Lyman-alpha radiation of hydrogen near 1216 S. to photolonlae the atmospheric con¬ 

stituents. The solar radiation of leas than 1000 8 la primarily responsible for 

the formation of charged particles in the ionospheric regions of the earth's atmos¬ 

phere. The solar radiation of less than eight Angstroms Is responsible for the 

ionospheric O layer. During a solar flare this x-ray radiation Is greatly enhanced, 

he combination of the Ionising electromagnetic radiations from the sun. the earth's 

magnetic field, the heating of atmosphere by the sun. the lunar and solar tidal 

forces, and the electrostatic forces all add to produce Ionospheric currents which 

are responsible for many variations of the geomagnetic field that are observed at 

the surface of the earth. 

^ Fla^ ^ Their Relation to (leomaen.M.„ Durln(, a 30lar flare ^ 

extreme ends of the electromagnetic radiation spectrum are greatly enhanced. Cor¬ 

puscular radiation, which may be considered as extremely high frequency electromag¬ 

netic radiation. Is Included In the flare enhancement of radiation. A crochet Is 

the geomagnetic record of the aolar flare enhancement of x-rays. The solar corpus¬ 

cular radiation from the flare travels on the order of a 1000 Km/aec. This Implies 

a time delay of about 2 days before the corpuscular radiation reaches the earth 

A shock front precedes the plasma cloud as the cloud travels to the earth. The 

traveling shock wave Interacts with the standing shock front of the magnetoaphere. 

and this produces a compression of the magnetosphere. This compression la observad 

the earth s surface as a sudden Increase In the H component. This sudden Increase 

is referred to as a sudden commencement end the Increase Is followed by a geomagnetic 

storm. A geomagnetic storm has different characteristic magnetogram traces at 

7 
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different geomagnetic latitudes. This fact Is depicted In Figure B-3 [Hines, Paghls, 

Hartz, and Fejer, 1965]. 

Figure B-3. Variations In the Horizontal H Component of Standard Magnetograms 
During Storms. 

(a) SC (Sudden Commencement) Storm 

(I) In the polar cap. 

(II) Near the auroral zone (vertical scale is reduced by a factor 
of ten). 

(III) At low latitude. 

(b) GC (Gradual Commencement) Storm at Low Latitude 

The classical magnetogram record of a geomagnetic storm Is that of the low latitude 

station. The initial pnase Is explained by the compression of the magnetosphere. 

The main phase decrease In the magnitude of the H component at low latitudes is 

usually explained by the energizing of an equatorial east-to-west ring current. 

The energizing of the ring current is thought to be related to the plasma cloud 

which follows the traveling shock front. The decay of the ring current corresponds 
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to the recovery phase of the geomagnetic storm at low latitudes. 

T!16 ^eo!?aSne^^Ç., J.ndlces K, and Ap ■ K, , and A^ are geomagnetic indices 

which reflect the Irregular variations in magnetograms. The K index is the basic 

index from which the AR and A^ indices are derived. These three indices reflect the 

geomagnetic variations which are caused by the variability in the solar corpuscular 

radiation and the corpuscular radiation's interaction with the earth's magneto¬ 

sphere . 

a' The K Index. The K index evaluates disturbed geomagnetic activity during 

each three-hour interval of the Greenwich day. During periods of low solar activity 

(quiet sun) there are regular diurnal geomagnetic variations which are repetitive 

and predictable. These are the solar quiet day variations (S^) and the lunar vari¬ 

ations (L). The K index must not reflect these variations. The K index reflects 

the maximum three-hourly range in X,Y or Z components after the expected and L 

variations have been accounted for in the magnetometer trace of each of the three 

components. For middle latitude stations, such as Fredricksburg, the K index of 0 

to 9 corresponds to the following ranges in the corrected H component variations 

measured in y's. 

KP 
° 1 2 3 4 

y range 0 to 5 5 to 10 10 to 20 20 to 40 40 to 70 

Kp 

5 6 7 8 9 
y range 70 to 120 120 to 200 200 to 320 320 to 500 >500 

In polar latitudes the H component is normally small, but the polar latitude H com¬ 

ponent has greater variations than the variations in the normally large H component 

of the equatorial latitudes. For this reason the y range for the i: index must vary 

with latitude in order that the K Indices should correspond reasonably well from 

station-to-station. The y range chosen for the various observatories indicates the 

latitude variation in geomagnetic activity. In low latitudes a K index of 9 repre¬ 

sents a y range of at least 300; whereas in the auroral zone a K index of 9 may 

represent a ( range of 2500 or more. 

bf The Ai^Index. Once the K index values are known, it is a simple conversion 

to the a^ three-hourly index values. The conversion is as follows: 

Kp OI23456789 

3k 0 3 7 15 27 48 80 140 240 400 

9 
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The K Index la a semi-logarithmic scale, and the index is an attempt to unwind 

the logarithmic scale into a linear scale such that a daily average of the eight a,, 

values is a meaningful geomagnetic activity indicator. The following will serve as 

an example of the trouble in taking daily averages of the eight K indices. Suppose 

that the following arbitrary K index records are for two arbitrary days: 

K lili lili Dayl 

K 0000 0008 Day 2. 

An average of the eight K indices would yield the same result for each day; however, 

the second day is far more disturbed geomagnetically than the first day of the arbi¬ 

trary example in which the K index is one for each three-hour period. To convert 

the K indices to a single daily A^ index, which is the arithmetic average of the 

eight three-hourly a^ indices, alleviates the problem partially. In the example 

given above, the first day A^ would be three and the second day A^ would be 30. 

The value of 30 reflects the abnormally large geomagnetic disturbance that occurred 

at the end of day 2. 

c* A^ Index. The A^ index is reduced from the K indices from 12 geomag¬ 

netic observatories. Eleven of these observatories are in the northern hemisphere 

and the twelfth observatory is in New Zealand. The K indices from each of the 12 

observatories are reduced to eliminate local time and seasonal effects. The result 

is a standardized index Kß for each station on a scale from Oo to 9o. The average 

of the 12 Kg indices is the planetary Kp index for each three-hour period. The Kp 

index is converted to a linear scale ap by the following conversion table: 

Kp Oo 0+ 1- lo 1+ 2- 2o 2+ 3- 3o 3+ it - 

ap 0 12 15 18 22 

U+ 5- 5o 5+ 6- 6o 6+ 7- 7o 7+ 8- 

27 32 39 ^8 56 67 80 91* 111 132 15¾ 179 

Kp 80 8+ 9- 9o 

aD 207 236 300 400 

The average of the eight a^ values for each Greenwich day is the equivalent daily 

planetary amplitude index A . 
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GLOSSARY 

Abbreyletlcns: The following abbreviations are frequently used In the forecast 

messages issued by the Solar Forecast Center. They are discussed In the definitions 

below: 

Au, A k p 

APR 

B 

BSD 

F 

IMP 

N 

PCA 

R 

SC 

SCNA 

SEA 

SFD 

SID 

SPA 

SWF 

Geomagnetic Indices 

Active Prominence Region 

Brilliant Flare 

Bright ¿ irge on Disk 

Faint Flare 

Impprtance 

Normal Flare 

Polar Cap Absorption 

Sunspot Number 

Sudden Commencement 

Sudden Cosmic Noise Absorption 

Sudden Enhancement of Atmospherics 

Sudden Frequency Deviation 

Sudden Ionospheric Disturbance 

Sudden Phase Anomaly 

Short Wave Fade-out 

Active region: A region on the sun which has the potential to produce a flare or 

has already produced a flare. The region will normally be a radio noise source, 

have a moderately large and bright plage, and contain a sunspot group. 

AkjL_Ap± Ak is a local geomagnetic index representing the degree of geomagnetic 

variability for one station for one day. Variability is reported by a "K" index 

at the end of each three-hour period during the day; the eight K figures (ranging 

from 0 to 9) are converted to eight "a" indices (ranging from 0 to lJ00) which are 

averaged over a day to derive the value for A^ In general Ak values increase 

toward the poles. Ap is the planetary average of Ak values for 12 selected stations 

for one day. 

Angstrom: Unit of length equal to 10”8 cm. The wavelengths of spectral lines are 

usually given in angstrom units (8). 
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Aurora: The sporadic radiant emission from the upper atmosphere over middle and 

high latitudes. It Is believed that charged particles (electrons and, to a lesser 

extent, protons) interacting with the earth's magnetic field and atmosphere excite 

the atmospheric gases which then emit visible radiation. The aurora is most intense 

at times of magnetic storms, when it is also observed farthest equatorward. The 

distribution with height shows a pronounced maximum near 100 km. The lower limit 

is probably near 80 km. 

Brunner (or Zurich) Sunspot Classification: A sunspot group can be classified into 

nine types according to its stage of growth development or decay. These types, A 

through J, are described below: 

A. Composed of a small single spot or a very small group of spots, mostly of 

short durations, concentrated in a region of 2-3 square degrees. No systematic 

structure of the group; spots without penumbra. 

B. Bipolar group of spots without penumbra, the long axis of which is directed 

roughly east-west. Concentration of spots on east and west ends. 

C. Bipolar group like B, but at least one main spot with penumbra. 

D. Bipolar group, the main spots showing penumbrae. At least one of two main 

spots simple. Longitude greater than 10°. 

E. Large bipolar group showing a complicated structure, the two major spots 

each having a penumbra. Numerous small spots between the major spots. Dimension 

of the group in longitude at least 10°. 

F. Very large bipolar or complex group. Dimension in longitude at least 15°. 

G. Large bipolar group, without small spots between the two major spots. 

Dimension in longitude at least 10°. 

H. Unipolar spot with penumbra. Sometimes with complicated structure. Diameter 

greater than 2.5°. 

J. Unipolar spot with penumbra. Round shape, diameter less than 2.5°. 

Central Meridian: An imaginary line, connecting the solar rotational poles, running 

through the center of the disk as seen from the earth. The locations of solar 
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features are referred to this Un, (CMD: Central Meridian Dl.tance, in degrees E 

or fcl) and to the solar rotational equator (latitude, in degrees N or S). 

—51°°rhere: The Uyer °r the itMedlately ahove the photosphere. The chromo- 

sphere is not visible to the naked eye because, even though it is hotter than the 

Photosphere, it Is very tenuous. Many important phenomena occur in the chromosphere, 

e.g., flares. 

Corona. The very low density layer or envelope Just above the chromosphere. It is 

hotter and even more tenuous than the chromosphere and can be studied only during 

an eclipse, either man-made or natural. Low frequency radio noise has its origin 

in the corona. Coronal temperatures exceed 10¾ degrees with local hot spots of 4-5 

times 106. The corona can be studied through its emission In several spectral lines. 

The red line (6374 8) and green line (5303 8) are the two most commonly observed 

lines. When the corona Is highly disturbed it is possible to detect a yellow line 

(5694 8). 

—mlC Ray?; Hißh-energy particles, usually from galactic sources, whi. . are 

received continuously at the earth. Secondary radiation produced in the upper 

atmosphere can be detected at the earth's surface by neutron monitors, dalactlc 

cosmic rays are modulated by solar activity; after a major solar flare there is 

often a decre.se in the level of cosmic ray reception (Porbush decrease). A few 

of the more intense solar flares produce particles of sufficient energy to be called 

solar cosmic rays; in these instances, counting rates of detectors on the earth's 

surface are observed to rise. 

Electron Density: ne is the number of free electrons per unit volume. This is the 

parameter that is most Important in determining the characteristics of the iono¬ 

sphere. it is also an Indicator of solar activity. Short wave and particulate 

solar radiation produce free electrons by ionisation of the molecules and atoms in 

the earth's atmosphere. 

Electron Volt: One ev is the amount of energy acquired by an electron which has 

passed through a potential of one volt. 

1 ev 
1 Kev 
1 Mev 
1 Qev 

1.60 X 
103 ev 
lOf ev 
109 ev 

10 
-12 

ergs 
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Filament : Soe Prominence. 

30 December 1966 

Flare: A transient, localized brightening of the chromosphere; generally associated 

with a plage. Flares are usually observed at the wave length of H alpha (6563 Ä). 

Emission at almost all wave lengths, from the very short x-rays to the longer radio 

waves. Is enhanced. Corpuscular radiation Is often increased. Flares are classi¬ 

fied into five main categories with three sub-categories, faint (F), normal (N), 

or brilliant (B). The main importance categories 0, 1, 2, 3, and H, are based 

solely on the corrected area (millionths of solar hemisphere) of the flare at the 

time of maximum intensity. Thus a flare will have any one of 15 classifications, 

importance OF to 4B. The table below gives the characteristics of the main 

categories : 

Class 

0 (F, N, & B) 

1 (F, N, & B) 

2 (F, N, & B) 

3 (F, N, & B) 

4 (F, N, & B) 

Average Duration 
(minutes) 

17 

32 

69 

145 

145 

Area (millionths of 
Solar Hemisphere) 

less than 100 

100 to 249 

250 to 599 

600 to 1200 

more than 1200 

Frequency of 
Occurence (Pet) 

75.0 

19.6 

4.8 

less than 1 

less than 1 

Geomagnetic Storm: 

a. Recurrent storms are storms which recur in a 27-day cycle. They may not be 

related to a visible solar region but are related to the so-called M-regions on the 

sun. They are caused by low energy solar particles of the order of 400 ev. 

b. Sudden commencement (SC) storms begin more suddenly than recurrent storms 

and usually reach higher Ap values. The particles causing these storms are in the 

10 Kev energy range. Some fairly large flares are followed within about 20 to 60 

hours by a SC. 

H-Alpha: A particlar spectral line, normally an absorption feature in the red end 

of the solar spectrum (6563 8) in which most solar activity is observed optically. 

In major flares H-alpha may be observed in emission rather than absorption. H-alpha 

is the first Balmer line for the hydrogen atom. 

Ionosphere : The region in the upper atmosphere (80-400 or more km) in which solar 

radiation produces a rather large electron density (ne ■ IO14 - 106cm"3). The 
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Ionosphere Is vital to radio communications because it is used with the earth's sur¬ 

face to form a "duct" for certain radio waves; for certain radio frequencies the 

ionosphere is used to "bounce" or to reflect radio signals from one surface station 

to another. Changes in the ionosphere produced by solar influences can disturb or 

even completely destroy radio communication links. Observations of ionsopheric dis¬ 

turbances may be used to infer the occurrence of solar events such as flares. 

Limb : The apparent edge of the sun. 

M-reglon: A hypothetical particle-emitting region on the sun. M-regions apparently 

recur every 27 days since they produce recurrent magnetic storms of that periodicity. 

However, they have never been identified by optical observations. 

Magnetic Classification of Sunspots: 

ALPHA: (unipolar) A spot or group of spots with a single magnetic polarity. 

BETA: (bipolar) A group of spots having opposite magnetic polarities in the 

preceding and following parts. 

BETA-GAMMA: A group of spots having bipolar characteristics but with no marked 

N-S dividing line between the spots of different polarities. 

GAMMA: A complex group with spots of both polarities irregularly distributed. 

DELTA: Spots of opposite polarity separated by not more than two degrees within 

the same penumbra. 

Neutron Monitor: A device which counts the number of neutrons received at the 

earth's surface. It provides an indirect count of cosmic rays, since the primary 

cosmic rays create secondary neutron emission after encountering air molecules or 

atoms. 

Photosphere: The surface of the sun as seen by the naked eye. The photosphere 

appears white, except for the sunspots which are dark. 
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Plage: A cloud of ionized gas in the chromosphere. Plages are not visible to the 

naked eye. They are studied by means of telescopes equipped with monochromatic 

filters. 

Polar Cap Absorption (PCA): An ionospheric phenomenon evidenced by enhanced 

absorption of radio waves in the polar regions. Absorption of radio noise from 

galactic sources is observed with a RIOMETER (Relative Ionospheric Opacity Meter); 

absorption of terrestrial waves is observed by VHP forward scatter and partial 

reflection techniques. A PCA is used to verify the "proton event" forecast issued 

by the Solar Forecast Center. 

■Po.lar CaL.Event (PCE) : A general term describing the ionization caused by preclpa- 

tating solar particles and the associated effects (both absorption and enhancement) 

on radio waves. This term includes all PCA's. 

Prominence: A formation of hydrogen and other ionized gases, sometimes in the form 

of loops or arches, sten at the limbs. Quiescent prominences are the more stable 

type. When seen against the disk they are called filaments and have dark sinuous 

forms. They maintain their form for many days at a time. Active region prominences 

and filaments are less stable and may disappear from view. Thus a sudden 

disappearance of a filament (SDP) may be evidence of proton emission. The abbrevia¬ 

tion for an active prominence region is APR. 

Proton Event: The detection at the earth of a sudden increase in the number of 

solar protons of energy greater than 20Mev. Detection may be accomplished directly 

by satellite or may be inferred from various observations of perturbations of the 

ionosphere. (See "Polar Cap Absorption"). 
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Proton, Flare: A flare which produces energetic particles subsequently observed at 

the earth as a Polar Cap Event. 

Proton__Pla5i: A plage from which energetic particles have been ejected, resulting 

in a PCE. 

Radio Bursts: Sudden Increases In flux at various radio wavelengths. Meter- 

wavelength events are classified as follows: 

Type I: Radio noise storms consisting of enhanced continuum radiation and 

series of short bursts, often several hundred per hour, occurring over wide frequency 

ranges. 

Type II: Slow-drift bursts caused by a source moving outwards through the 

corona at a relatively low velocity (1000-1500 km/sec). The frequency of emission 

enhancement decreases slowly (hence the name, "slow-drift"). 

Type III: Past-drift bursts caused by a source moving at one-half to one-third 

the speed of light upwards through the corona. Emission frequency decreases rapidly. 

Type IV: Broad band continuum emission (occasionally extending into the centi¬ 

meter wavelengths) emanating from a source of large extent that moves outward to 

heights of the order of a solar radius, typically persisting for tens of minutes and 

sometimes lasting for several hours. Type IV bursts often follow Type II bursts and 

are considered to be good evidence for proton emission. 

Type V. Wide-band continuum emission similar to Type IV except that it Is 

associated with Type III bursts rather than Type II, has a shorter lifetime, and is 

usually observed only at the lower frequencies. 

Centimeter-wavelength bursts are normally observed at single frequencies, although 

they appear to have a broad-band continuous spectrum. Most bursts exhibit a simple 

rise in intensity followed by a gradual decay; bursts may be classified into three 

basic types which may occur in combination to produce any given event: 

Type A: Simple Burst. Characterized by impulsive, rapid rise and short duration 
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(normally 1 to 5 minutes); simple bursts may occur In series or In groups and will 

then be Identified as "complex" bursts. 

Type B: Post-burst. Follows a simple burst or group of simple bursts and lasts 

several minutes to several hours; appears as a very slow decay of the Type A burst. 

Type C: Gradual rise and fall. Characterized by a slow rise to peak intensity 

and a slower decay; lasts 10 minutes or longer. 

Radio Flux: Flux, in general, is the rate of flow of some quantity, often used in 

reference to the flow of some form of energy. Flux density is the flux of any quan¬ 

tity through a unit area of specified surface (in the case of radio flux, the unit 

area is one square meter at the top of the earth's atmosphere). The radio flux den¬ 

sity at 2800MHz (10.7 cm) is a useful indicator of solar activity; it exhibits both 

11-year and 27-day periodicities. It is measured daily at several observatories, 

but the standard data source is Ottawa, Canada. The units are 10"22 watts/square 

meter/cycle per second bandwidth. 

Sudden Ionospheric Disturbance (SID): A sudden ionospheric response that correlates 

best with centimeter solar radio bursts. SIDs are caused by either an enhancement 

of ionization or by the formation of a new region in the lower ionosphere. Several 

types are recognized: 

SCNA: A sudden cosmic noise absorption is similar to PCA but lasts typically 

for minutes or hours rather than days. It is caused by increased electron density 

in the lower ionosphere which increases absorption of cosmic noise, particularly 

around 18-30 MHz. It is one of the best indirect indicators of flare activity. 

SEA: A sudden enhancement of atmospherics is an increase in the low frequency 

atmospherics signal (e.g., thunderstorms at around 30KHz) due to an increase in 

ionospheric reflectivity. 

SPA: A sudden phase anomaly occurs when the base of the ionosphere is suddenly 

lowered, thus changing phase differences between sky radio waves and ground radio 

waves. 

SWF: A short wave fade-out is a decrease in signal strength of 5-20 MHz radio 

waves transmitted by ground stations caused by increased absorption in the lower 
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Dunsjsótfl: Sunspots are dark, relatively cool areas on the photosphere which act as 

fool for solar active regions; they are thought to be caused by the Inhibition of 

the convective transfer of energy resulting from the presence of strong magnetic 

fields. The larger and fast growing sunspots are often associated with large flarea 

Size, rate of growth, decay and magnetic complexity are Important in determining the 

chances of flares. 

£-0-t cy-£l£: The general level of solar activity exhibits an average periodicity 

of about 11 years. Past cycles have been as short as seven years and as long as 17 

years. One of the parameters used to establish this periodicity has been the sun¬ 

spot number. The maximum of the last cycle (cycle 19) was in March 1958; the last 

minimum was in October 1964. The next maximum (cycle 20) is expected late in 1968 

or in 1969. 

Sunspot Number: A solar index which has been compiled back to .about 1600 A.D. 

Although other indices may be more objective, the sunspot number is very useful 

because of the long period of record. The sunspot number takes into account the 

number of sunspot groups as well as the number of individual spots. 

R - K (10g + s) 

where R ■ sunspot number 

g ■ number of groups 

s ■ number of spots 

k - a constant, roughly equal to 1, used to adjust individual R numbers to 

account for some observatories having better observing conditions than others. 
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