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TasLe 2.—Calculation of value below which the winter mintmum will
Jfall once in 10 years, on the average, at Portland, Oreg.

NoveMBER, 1916

TABLE 3.—Abstract of computation of values of minimum winter tempera-
tures (1) which should be exceeded, on the average, once in 10 years.

: Minimum
Year. tempera- d. ds. ds,
ture.
°F. °F.
-2 -19 361 —6,859
3 —14 196 | —2,744
3 —14 196 | —2,744
6 —11 121 —1,331
7 —10 00| -—1,000
7 —10 100 -—1,000
3 -9 31 - 29
9 — 8 64 — 512
9 — 8 64 — 512
10 -7 49 - 343
11 — & 36 - 216
13 -4 16 — B84
13 — 4 16 — &4
15 -2 4 —_ 8
17 0 0 0
17 0 0 0
18 1 1 1
18 1 1 1
18 1 1 1
19 2 4 -]
19 2 4 8
20 3 9 2
20 3 9 27
20 3 9 27
21 4 16 64
21 4 16 64
22 5 25 125
22 ) 25 125
22 5 25 125
23 ] 36 216
23 [} 36 218
23 6 36 216
3 8 36 216
24 7 19 343
24 7 49 343
25 8 64 512
5 & 64 512
26 9 81 729
8 11 121 1,331
.......... —13 2,121 | 12,889
16,67 Jeumanmanednneeiend]uacnaann.
COMPUTATION.
1
Quantity. | Symbol. Value.
1
Number of years of observation......... ; n 9
Mean winter minimom................. i M, +16.67°F.
Convenient number near the mean...... A +17°
Departurefrom M.................o.... | L 2 N
Sum of column d........ ! p1 -13
Avern%e departure from M. . =d/n — 0.3
Sum ofcolumm @2 ... ...cooiiiiiia tds +2,121
Average of square of departures from 3.. Sdn +54.
Average of square of departures from the a2 _ (:‘;d_ 2 +54.27
meand .. ..eiineiiiri e | n n *
v, -«
Standard devistion..................... o—_J“—:'— {-"“ : 7.37
Sumofcolumn d.........ccomininna..n =ds —12,889
Average of cube of departures from M.... =d¥n —330.48
Average of cube of departures from the =d3 3 3d\ /=d2
MOANL. . .enemmeenmeaiiaaenmenenn = )\ 7 —276.23
=d\s :
)
K e eaeec e e—amaa—an.- k= fusfad —0.6¢
Value from Table 1 , and
average interval= i1 R Ifo -—1.378
Departure below mean tha L he
exceeded in 1/10 of the years........... 1=1.378¢ 10. 16°F.
Value below which winter minimum :
will Jall in 1/10 of the years........... I My—z +6.51°F.

1 See Davenport, C. B.: Statistical methods, ed. 3, 1914, pp. 20-21, for formulée reducin,

thess quantities to the true mean.
by Davenport.

The notation in the table is different from that use

& g . - L,
22 22 = | . »
571 EE = | °¢ g H
ol 5 S | af =3
state. Station. CElEE 1, | 1 € | BB & |?
25| & g | £8 28
g% 82 g | 48 EE
2 = uje | A rid
°F. °F. °F.
Alalama........ Mobite. .......... 1214 21. 19(6. 29] ~0. 93] 1. 427|— 8.99/+12.21| 3
Do........... Montgomery...... 411416, 9516. 30| —1. 02) 1.448,— 9.1+ 7.83) 2
California. ...| San Diego........ 42| +35. 62/2. 95| —~0. 45| 1. 338 — 3.95/4-31.67] 1
DO..evennnann San Francisco..... 39! +37. 00] —0.33] 1.322]— 3.62|+33.38 4
Dist. of Columbia.| Washington....... 3914 2. 85|7. 33| —0. 85| 1. 411, -10.34‘— 7490 4
Florida.......... ey West........ 39| --50. 8- —0. 41! 1.332|— 5.18/--45.468] 5
GeOTgin. - vnomnn] AUEUSHS. . nnrnns 39| +16.9 —0.66) 1.373|— .48+ 9,49 5
Do.. ...| Savannah,........ 394215 —0.83| 1.371|— 7.25(4+14.28) 4
Illinois. . PR B 1 s PR 4214 0.2 —0.23} 1.308|— 9.27i— 9.01f 3
Indiana. -..| Indianapolis...... 42)— &, . 62 —0. 13} 1,206 — R.58—17. 46 4
Iowa.... ...| Davenport........ 41| —15. 026, 53]  0.00] 1.282|— 8.36(—23.38 4
Do.. .1 Des Moines oo 35]=17.91]8.30(—0.21] 1.306(— 8.23{--26.13| 4
Do.. .| Keokuk. 42 ) 7 . 1.302|— 8.76|—22.1% 4
ansas. -| Dodge Cit 39 5 1.279(— 8.97,—19.61] 3
Kentuek .| Louisville_. . 1.330,— 0.70[—10.58] 2
Louisian: .| New Orlean . 00 1. 440/ — 8&.24/4-17. 5 3
Do.. .| Shreveport. 39|+15. 38/6. 97(—0. 67 1.375’— 9.58/+ 5.801 3
Marylan -1 Baltimore. A A8+ 5.6315.83 —0. 76! 1.390,— T7.83|— 2.20f 4
Miss i . Viekshurg........ 391416, 20|6. 36| —0. 86| 1.411)— 8.97[4 7.93] 3
Nebras North Platte._.... 39(—18.69(8. 35(—0. 12| 1.2951—10.81/~29.50] 3
Do Omaha.. _........ —18.10]6. 77| —0.32 1.320]— &.94j—25.0¢ 4
New Jersey...... Atlantie City......} 3914 3.62[5.58(4+0,07| 1.274|— 7.11|— 3.49 5
New Mexico..... Santa Fe......... 2, 4613, 56| —0. 15[ 1. .68 5
New York.._..... New York........ 1.95 +0,27| 1.2 7] 4
North Carolina...| Wilmington....... 17. 08 —=0.171 1. 5
Ohio.....cvmuen.. Cinejnnati........ 2,28 —0.18 1, 4
Orepon . Portland.......... 39416, 67 —0.69 1. 4
Pennsylvania....| Pittshargh........ R 2, 6 —0.6% 1, 3
South Caroling...| Charleston........ 21, 69)5. 50] —=0. 81 1. %
Tennessce..._..... Knoxville........ 4. 148, 431—0. 597 1. 3
D Memphis......... + 7.97]7.00|—0.36] 1. 4
Nashville. . 3.33(7. T3|—0. 15 1. )
Galveston........ 25. 336, 36(—0. 44| 1. 3
Salt Lake City.... 0.0516, 72| —1. 18! 1. 3
Cape Henry....... 30|-+14. 5014, 74/ —0.23! 1. 5
Lynchhurg....... 39,4+ 6.10) —0.23! 1. 7
Norfolk........... 39 4-13. 64 —0.30 L.: 5
Cheyenne......... 41‘—13. 71 ~011 1. 1
i

GRAPHIC METHOD OF REPRESENTING AND COMPARING
DROUGHT INTENSITIES.!

By TrORNTON T. MUNGER.
{U. 8. Forest Service, Portland, Oreg., Nov. 1, 1815.]

It is & matter of interest among forestors to find a way
for expressing in some graphic quantitative fashion the
comparative forest fire risk of various years, and to
determine the relative fire risk in various regions. There
are so many factors that combine to create a fire hazard
in our forests that it is difficult to express them in a
statistical or graphic form.

The most influential meteorological factors are the
infrequency of soaking rains, the total amount of rain in
the dry season, the depth of the winter snow and the
time of its disappearance, the humidity of the atmos-
phere, the fraquency of very hot days, the occurrence
of high winds, particularly of dry winds, and the scasonal
tomperatures as they affect the time at which the herba-
cecous vegetation matures and dries up. All these factors
of precipitation, temperature, and wind movemont are
50 complexly interwoven that it seems to be impossible
to combine them and consider them jointly. The one
single factor that has the most important influence on

1 This method of showing drought severigy was described by District Forecaster
E. A, Beals at the meeting of the Western l'orest.rly and Conservation Association on
Dee. 7, 1914, using diagrams modeled after those originated by the author.
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the fire hazard in the Pacific Northwest is the infre-
3ruenc of soaking rains—i. e., the intensity of the

oui ts.2 For a period of from 20 to 50 days in July
and August there is, as a rule, practically no precipita-
tion. It is this drought that gries out the forests so
that fires become epidemic at this time, both their num-
ber and particularly their severity being closely related
to the duration of the drought. To show the comparative
saverity of the summer droughts of several years, a
table of their duration is not adequate, because their
arching effect is not directly proportional to their
ength. It increases in geometric relation to the length
of the dry period—thus & 30-day drought is much more
than twice as intense as a 15-day drought. Let us
assume that the intensity of droughts increase as the
square of their duration, an arbitrary but probably fair
assumption in the case of forest desiccation. On this
hypothesis a 30-day drought would be four times as
intense as a 15-day drought.
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F1G. 1. Graphic representations of the drought intensities at Ashland, Oreg., during
the summers of 1911 and 1914. Ordinates and abscissa: hoth represent durstion of
drljzi periods having less than 0.05 inch precipitation on any one day (midnight to
mi

night).
To present drought intensity graphically, using this

hypothesis, a series of diagrams was drawn on coordinate

2 The meteorological n.si)eets of droughts, in comparison with their agriculiural and
other lasptms, were clearly pointed out in this REVIEW, August, 1804, 22:393-304.—
C. A, jr.
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paper, using the single variable the length of the period
without a 24-hour rainfall of 0.05 inch. The intensity
of the drought was represented by a right-angle triangle,
whose height and base were both proportional to the
duration of the drought. A set of these diagrams for
two contrasting years is shown in figure 1. ether or
not the scale of the absciss® and ordinates is equal, is
immaterial. In these particular diagrams it was con-
sidered that any rain of 0.05 inch (in 24 hours) broke the
drought. The righthand edges of the triangles there-
fore mark the dates on which rain fell to this amount or
more.

The value of these diagrams is in showing at a glance
the relative intensity of ﬂ;i’rought,s in a series of years for
any one place, and partly in showing the comparative
drought intensity (or fire hazard) of various localities.
This can be reduced to an absolute quantitative expres-
sion by actually measuring the areas of all the triangles
in each year's diagram. The actual fire risk in the
vicinity of Ashland, Oreg., judged by the experience of
the Forest Service in fighting fire, was for the years 1911
and 1914 about as shown by the above sample diagrams,

. Where it is not desired to show graphic&ﬁy the inten-
sity of the drought, it ma.Kd:)e computed directly by a
formula first suggested by Mr. A. A. Griffin, viz—

Severity of drought=1exi§.th of drought X4 length of the
ought.

Thus a drought of 30 days would have an intensity
value of 30X%30=450; while in the same period 5
droughts, one of 10 days and four of 5 days each, would
have an intensity value of —

10X $10+5X 45 +5X 35 +5 X 45 +5 X 45 = 100.

Using this formula (or actually measuring the areas of
the triangles) the drought severity factor for Ashland,
Oreg., is found to be 1,839 for 1911 and 3,206 for 1914,
The average for the seven years, 1908-1914, is 2,142,
Thus, the droughtiness of the year 1911 was 303 units,
or 14 per cent, below the average, while the year 1914
was 1,064 units, or 49 per cent, above the average.
Similarly a comparison of the average for various locali-
ties may be made.

Using the assumption that the intensity of a drought
increases as the square of its duration, it 1s possible that
this form of illustrating drought intensity might have a
number of uses wherever the prolonged absence of pre-
cipitation is of economic importance—in agriculture,
forestry, or in any industry affected by precilpita.tion.
By this method the distribution of the rainfall day b
day could be most beautifully shown. The places witz
an evenly distributed rainfall would have an even-topped
sawtooth diagram, the more frequent the rains the finer
the teeth, while places with a long dry season would
have a conspicuous high peak or two in the year's
diagram. . . .

Drought severity is so much more important in agri-
cultural pursuits and in the prevention of forest fires
than drought duration that a means of expressing it is
needed. For educational urposes this method of show-
ing comparative meteorological conditions is recom-
mended because it is so graphic. It is thought that it
also has practical value as a means of determining the
normal year, the departures from the normal year, the
relative conditions in various localities, and expressing
these conditions in quantitative terms.



