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RIVEBS AND FLOODS DU'RmG MARCH, 1917. 

By ALFRED J. HENRY, Professor in Charge. 

[Dated: Weather Bureau, Apr. 20,191i.l 

The rainfall over the southern Appalachian re ion in 

the United States (see Cliart V, Tot.al Precipit.ntion for 
Marc.h, 1917). The monthly totals esceeded 10 inches at B 
number of oints in the Tennessee and Cumberland water- 

southeastern Kentucky and soutliern West. Yirginia. 
As a consequence imwtically all of the streams of t.hese 
regions were out of their banks for a greater or less tinie 
during the month. Likewise the rivers of the Piedmont 
region of the Carolinas and the rivers of Alabama and 
Georgia were also in flood. 

The atest flood of the month, however, was that 
in the gnnessee River due to a continuous period of 
rains that began on the 1st and ended on the 5th. 

The meteorological phenomena that led up t,o this flood 
be found in the development and nioveruent of 

watershed, begnning February 28 and terminating 
March 5. On February 28 a weak cyclonic systeni 

March, 1917, was considerably heavier than elsew P ierc in 

sheds in !? .ennessee and west.ern North Carolina, also in 

cyc ""9 onio and a+!yclonic systems over the Tennessee 
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was centered directly over eastern Tennessee attended 
by general rains over that State, and adjacent regions 
to the east and northeast. The movernent.of an anti- 
cyclone eastward from the lower Missouri Valley to the 
Middle Atlant,ic seaboard in the 36 hours endin 8 a. 
in., March 2, 1917, evidently revented the we& cy- 
clonic systeni before mentionex from pursuing the nor- 
inn1 northeast.ward movement.; consequently, it, was held 
over emt,ern Tennessee for a much longer time t.han 
woulci ordinarily be the case. Meanwhile, a second cy- 
(:ionic syst.eni or area of low pressure that had remained 
oyer southern Tesas for 36 hours began to inow north- 
eastward. By the morning of the 30th it had reached 
eastern Tennessee and again within a period of less than 
48 hours atmospheric conditions favorable to heavy pre- 
cipitation over that ,region were present.. The heavy 
rains of the 3d a.nd 4th (see Table 1) were due to the 
second disturbance which did not move from its position 
on the morning of the 3d unt.il the ni ht  of the 4th-5th. 

5th and the nest few days were clear and cold wit-h night 
t.emperatures below freezing. 

Table 1 below presents the daily .recipitation at  a 
number of stations in the Tennessee R iver basin nbovc! 
Chattanooga. 

The rain ha.d practically ceased by t. a e morning of the 
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TABLE l.-Daily precipitation, in  inrlgs and huidredtlbs. at point3 in lbe Ten.nensPe Bmin above Cliattnnooga, Tenn., March. 1917. 
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TABLE ?.-Daily stages in the Tenneseee undits tributarice d m h g  &.flood of Murch, l!k17. 
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-7 HYDROGRAPHS OF TENNESSEE RIVER 
MARCH, 1917. FLOOD. 

Fro. 1.-Eydrographs for stations on tho TPnnrsrer River during the Roods 01 March 1917. Distances helow Knoxville nre given hv t.he figure9 In ( ) be.eath the station 
mme. (SA Tahle 2.) 
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The rainfalls in Table 1 clearly show that while the 
daily amounts were not extraordinary t,he period of 
rainy days was pracfically continuous from the 1st t.o 
the 5th of the month. It is also nppnrent at a g1'lniic.c 
that this period of rainy days wm the direct and immedi- 
ate cause of the flood in the Tennessee. The areal 
distribution of the rainfall is fairly uniform except, that 
in the up er French Broad, as a t  Asheville, N. C., there 
was deci B edl less rain than at  other points to  t.lic. south- 
west. The hench  Broad at  Asheville hartdy passed 
above the flood stage on the 4th and fell below dood 
sta e on the 6th. 

figure 1 includes a hydro raph for the Freiich Broad 

river. This hydrograph shows that the lower reaches of 
the stream were in sharp flood and that the flood crest 
s nchronized very well with that of the Holston River, 
t B e other of the two main tributa.ries of the Tennessee. 
These two tributaries unite at  Rnosville, where the flood 
crested about noon of the 5th. Between Kiiosville and 
Loudon, the next down-river stat.ion, tmwo important 
tributaries join the main stream, viz, the Little River 
and the Little Tennessee River. Both of these head in 
the mountains of western North Carolina, where the rain- 
fall of the 4th and 5th was undoubtedly heavy; see the 
record for Bryson City and Murphy, N. C. 

The hydro aph for Loudon shows that the crest of 

5th than at  Knoxville, although the latter is 45 miles 
farther u stream. There must have been therefore a 

hydrografh. This is established by the fact. that the 
24-hour all at Loudon from the 5t.h to the 6th wtw but 
1.4 feet as compared with a fall of 4 feet for the same 
period at  Knoxville. 

The next down-river station is Chattanooga, 133 miles 
below Knoxville. Here the character of tho flood wave 
is much altered, as might be espected, being inuch flatter 
than at up-river points, and the crest occurring about 2 
days later. Below Chattanooga the flood wive is still 
more flattened out. At Johnsonville, Tenn., 510 niilea 
by river below Knosville, there was simply a long flut 
swell, beginning on the 2d and ending about t.he I8th-- 
see fig. 1. 

Numerous other floods occurred in the rivers of the 
South Atlantic and East Gulf drainage, as shown by 
Table 4. 

A moderate flood swell passed down tlie Ohio, beginning 
at  Pittsburgh on the 13th a.nd passing Cincinnati OL the 
17th, at  a crest stage of 56.1 or 6.1 ieet above flood stage. 
The crest passed Louisville 1 or 3 days later and Evans- 
ville, Ind., on the 224 at  a stage of 43.9 feet, 7.9 feet 
above flood stage. The crest 01 this flood passed into 
the Mississip i at Cairo on the 25th, with tlie river at 

29th, when a fall of 0.2 foot w19y registered. The river 
then continued to fall slowly until the end of the month, 
but be an to rise again in April and reached a second 

of all these floods were distributed in ad- 

at Dandridge, Tenn., 46 mi B es above the inout,li of tho 

the flood at t P at point was reached slightly earlier on the 

more pro I? onged crest at Loudon than is shown by the 

49.2, at w h c  Yl height it remained on a stand unt,il ths 

crest o P 50.1 feet on April 4-5, 1917. 

vance warni? an the property loss was therefore -matly inini- 

MaaoH, 1917 
niized. There was an un reventable loss of nearly a 
inillion dollars, as exhibite B in the st'atement below, the 
greater part of which was sustained in t.he city of Chatta- 
noogii, Tenn. The loss attribut,ed to '. prospective " 
cmps 11111.y or may not be fully realized. owing to t.hs 
mrly season of t.he overflow. 

Lnss byj€ood, -Ilic.rcIi, 1917. 

The loss in many cases was niiiiiniized by the fact 
that. no c?r.ops \vere on the ground and that warnings of 
the approach of t.he flood waters were dist.ributed suffi- 
c-ieiitly in advance to perniit, the withdrawal of movable 
property from the zone of danger. 
. . . . . . . . . . .  .... 

I 
/TaneibIei ( r o w  7 : - -  I 

~ , M ) o  ~-~------i- 
MNl ! $7 375 1 817,375 

EastGulf ............... i @ I % !  .......... ! 30,0001 11,ooO( lO:lOO, 51.84)o 
3lWissippl: 

!---~-----' 
South Atlantic I $100 I .......... 

I Eastern t r i b u - i  
ta%&Tei<n&e ' I 
andOhIo ......... I498,185i .......... 1 sS,oaO! 2,3aO: .75,Mx)/ 5e2,m 

I I twies-Misrouri ... j 100,000 j.. .............. .....I.. ................... i Western t r I b u - I 
100,000 

I 
Total ............. I IOO/ M,mj 13.7ZOi 65,9751 7 8 0 , ~  

........ -. ............... _. -. - 

Sailed by warnings, estiinuted. 
South At.lantic.. ....................................... $ 99,700 
East.Gulf ............................................... 88,OOO 
XiiBRmqippi, eastern tributaries. .......................... 1,050,600 

Total ............................................. 1,238.200 

Tho details of floods in all parts of the country are pre- 
sented below in Tables 3, 4, 5, and 6. Hydrographs for 
t pica1 points on several princi a1 rivers are shown on 

St. Louis, Mein his, Vicksbura, and New Orleans, on 
the Mississippi; Fincinnati nncl eairo, on the Ohio; Nash- 
ville, on the Cumberland; Johnsonville, on the Tennessee: 
Kansas City, on the Missouri; Little Rock, on the Arkan- 
saa; and Shreveport, on the Red. 
TABLE %-Flood stages in rioei-s of the North Atlantic drainage, &ai-&, 

1927. 

&art I. The stations selected P or charting are Keokuk, 

Connecticut ........ .I 
Do ! Hudson.. ........... 

Mohawk. ........... I no ............. .: 
D e l a m ,  E. ar.. . _ I  
Sus iiehanna ....... 

........... ..., 

%o .............. i Binghamtou N. S.. ... 
G'nodilla ........... .I New Berlin hr. Y..  ... 
Chenango ........... Sherburne, h. I-.. ... .; 
Pot omac... ......... c-'iimhrland, Md.. ... .! 

Do .............. Harpers Ferry, W. Va.1 

Hartford, I'onn ........ 

Utlrn. A. Y ........... 

New Berlin hr Y..  .... 

Troy, b .  Y ............ 
Albany N. Y ......... 
Scmhenocta?y N 3.* .... ' 
Fishs Eddy 'N.'T .....# 
Rainbridge.%. P.. .... 
Binghamtou N. S....' 

Sherburne h k.. ... .I 
c-'iimhrladd k d . .  .... ! 
Harpers Fedy, W. Va.1 

Hartford, I'onn ........ 

Utlrn. A. Y ............ 
Troy, b .  Y ............ 
Albany N. Y ......... 
Scmhenoctady. N. 'I.* __._! 
Fishs Eddy, N. T .._._ I 

Rainbridge. 3. P.. .... 

* rontlnued above flood stage altar the end of the month. 
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Si 
G 

2% 
a 
34 
6 

-26 
I 
24 
12 
31 
5 

25 

9 
7 
13 
7 

3! 
1 

n n 

.... 

Elliston, 11x1 ......... ., 
1.a :.'nydtc. In4 ....... 
l'prre Haiitp . Ind ..... 

rrunt . Csrmpl TI1 ..... 

Flood 
stage . 

I 
1tii.w . j Gtation . 

I 

l'ennessee .......... Knoxville, Tenn ...... u0 a0 ................ 
1)o ............. Loudon. Tenn ........ 
Do ............. Chattanooga, Tern .... 
Do .................. no ................ 
110 ............. Bridzeport, 'rem ..... 
IJo .................. do ................ 
Do ............. (iuntersville . Ala ...... 
Do do 
Do ............. Dwatttr,.413 .......... 
Do .................. do ................ 
Do ............. Rirerton Tenn ....... 
Do ................ .dn ............... 
Do ............. Johnmrille, Tenn .... 

Holston, North Fork Yendota, Va .......... 
Do .................. do ................ 

Fremh Broad ...... Aahevillr, N . C ........ 
Do .................. do ................ 
Do ............. Dandrid~o, Tenn ...... 

Clhch .............. Cllnton,'Penn ......... 
DO .................. a0 ................ 
Do ............. Klnxston . Tenn ....... 

Holston ............ Rogersvilie Tann ..... 
Powell .............. Tazewell, $ern ....... 
Big Pigeon ......... New ort Tenn ....... 

Do ................. .do. ............... 
Llttle Taaneasee .... McGhee, Team ........ 

.................. ................ 

DO ............. 1.1orenre.  AI^ ......... 

Hlwassee ........... Charfstdn, Temn ...... 

I .. 
I 

Ohio ................ ............. ............. Do 
Do 

IJO ............. 
1 . h .  ............ 
Dl, ............. 
Do ............. 

n o  ............. 

Pittsburgh. Pa ........ 
I3emer Dam . Pa ...... 
Drin 13 . near Wheel- 

ltari$ta.. Ohio ........ 
l'srkrrslmrg. W.Vn ... 1 
lh in  10 W Va ....... 
I'oint Pieasant W.va.1 
D?m 26, Hogdtt, W . I 

ing W Vn . 

............. 
v 3 . I .TI mm 3, near Hunt- 
ington W \.a . 

1 to 

ibo ............. uo ............. [lain k&ma~ PT .. 
1'0rL~11i~titJi . Ohio ..... 

Do .......... ...I Coshoctrm c.Mo ...... i 
Aciolo .............. Circlevih; '.ihio ....... 1 

1)o ............. Cllilli?olhr . I.lliio ...... I 
I.ittle.1iauoa.h~ .. ..I t:h~\<h=. iv . Y B  ...... ( 

........ . . ..... I ................. . ........ Knnawhn.-. Clierl~ston W \'a mi; wt .on .  w 
110 ............. Clnr . W . Va ........... 

I)o ......... ....I 
Do ............. 
Do ............. 

\\hite .............. 
Whitr, Eust Fork .. 
While . West Fork .. 

Do ............. 
Wahtsh ............ 

110 ............. 
Do ............. 

C.tiiitb~rInnd ........ 
Ijn ............. 
rio ............. 
110 ............. 
la0 ............. I 

. 
Feet . 

22 
80 
36 

33 
36 
39 
40 
50 

a 
50 
50 
50 
50 
46 
23 
40 
35 
35 
35 
43 
45 
22 
.? 
10 
5 
20 
31 

9 
32 

R 
8 
i 
14 
22 
30 
30 
18 

26 
40 
12 
30 
33 

33 
33 
34 
18 
24l 
14 
19 
11 
IG 
15 
22 
45 

40 
43 

46 
46 
12 
12 
25 
33 
33 
24 
24 
31 
31 
21 
21 
32 
18 
1s 
31 
8 
8 
4 
4 
10 
25 
25 
25 
14 

6 
22 
22 m 

in 

m 

m 

Above 0ood 
stagesdates . 

From- 

13 
13 
14 

14 
15 
15 
14 
16 

16 

15 
15 
15 
14 
11 
16 
8 
7 
9 
9 
16 
17 
13 
12 
12 

12 
13 
12 
12 
14 
12 

14 
15 
12 

12 
12 

4 
4 
14 

3 

13 ae 
5 
18 

15 
14 

....... 

....... 

....... 

....... 

....... ....... 

....... 
1: 

....... 
4 
5 
10 

8 
24 
2 

23 
5 
4 
27 
5 

5 
25 
7 

3 
4 

23 
7 
2 

2.5 
5 

24 
4 
3 

4 
5 
4 
3 
4 

23 
4 

....... 

....... 

....... 

. 
To- 

13 
14 
14 

16 
16 
15 
18 
16 

16 

18 
19 
19 
20 

21 
25 

a0 

P) 
(* r:l 
(*)I3 
12 
12 

14 
14 
12 
12 
17 
12 

16 
15 
12 

12 
12 

4 
4 
14 

10 

21 
28 

..... 

..... 

..... 

...... 

(*IB 
..... 
..... 

19 
1s 

25 
5 

9 
13 
12 

14 
25 
7 as 
6 
10 as 
11 

13 

..... 

..... 

...... 

(*)I4 

% 
..... 

Pi5 
25 
6 

28 
6 
7 

7 
5 
4 
5 
7 
25 
5 

...... 

crest . 

Feet . 
23 . i 
33 .a 
37 .a 
36 . 7  
3% 5 
39.0 
47.3 
a1 

50.0 

54.3 
544 
53.4 
56.1 
46.8 
a 5  
46.0 
42 9 
43.2 
45.8 
47.1 
49.4 

8 R  
12.0 
24 .8 
23.6 
35.0 
10.6 
9.0 
S!Ll 
8 .0 
i .2 
11.4 
14.4 
27.0 
29.7 
30.0 

30.8 
41.0 
12.8 as .8 
37.3 

36.6 
35.3 
a 0  
30 .4 
19.8 
13.0 
23.5 
15.1 
15.4 
19.2 
224 
44.4 
47.4 
45.7 
43.3 

45.7 
4u.1 
28.6 
13.9 
30.2 
47.7 
34.1 
30.9 
23.4 
39.4 
36.2 
23.7 

47.0 
24.7 
20.6 
35.9 
13. 6 

4.9 
4.9 

16.7 
38.0 
!&O 
33.0 
17.3 
! a 4  
14.4 
!a3 
24.2 n .7 

Y . a 

m.4 

a0 .4 

aa 

- 

. 
Data . 

13 
13 
14 

15 
15 
15 
15 
16 

16 

16 
16-17 

17 
17 
10 
19 n 
22 
B 
Y 

%a6 
a5-n 

13 
12 
12 
13 
13 
13 
12 
12 
15 
12 
14 
15 
15 
12 
5 
12 
12 

4 
4 
14 
15 
6 

15 
27 

21-22 
12 
19 
15 
18 
16 

23 
5 
7 
6 
10 

10-11 

25 
5 
25 
5 
7 
28 
8 as 

10 as 
11-12 
30-31 

12 
2a 
18 
5 
25 
5 
a5 
5 
5 
19 
0 
5 
4 
4 
5 

5 

ia  

ii-la 

n 
. 
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Quantity. 

Number of ohrvatlons. ........... 
Mean gage height ................... 
Convenient number neu the nwan . 
Departurefrom K .................. 
Sum of depsrtms..  ................ 

Average departure from M. ........ 
Sum of squared departures from M.. 

Averagesq~reofdeparturesfrom M 

TABLE 6.--Flood stages &n the M k k & p p i  R i m  &fa&mge, except the Ohio 
Rzver, Mawh, 1917. 

Symbol. 

n.  ......................... 
X .  ....................... 

X.. ....................... 
d ........................... 
Xd ......................... 

I 
Zd/n ....................... 
Ed? ........................ 

Sd?/n ...................... 

Using the notation suggested by Tolley, the following 
values have been obtained : 

Hivcr. BtaLion. Flood 1 stage. 

hliussesippi.. ........ 
Do. ............ 
Do. ............ 
Do. ............ 
Do. ............ 
Do. ............ 
Do ............. 

Ymoo.. ........... 
Do. ............ 

cedar.. ............. 
Illinois.. ........... 

Do ............. 
Cache.. ............. 
.kames. ............. 
Floyd.. ............ 

I 
I i d b a l  Mo ......... 
NewMadhd.Mo ..... I 
Memphis Tenn.. . . . .  ! 
H ~ I -  Ark ........... 
Arkan& (331, drk .. .I 
Greendie 1s.. ..... I 
Vicksburg' Muss.. . . . .  ' 
SwanLab-;, MIS...... l 
Y ~ O O  City' MISS. ..... : 
Cedar Ra hs, Iown.. . i 
Peoria IIP. ............. 
Bearditown, I l l . .  .... . I  
Jelks Ark. I Hurdn S. h k  
Memill: Iowa 

........... 
........ i .......... 

Fcct. 
13 
34 
3.5 
42 
42 
42 
45 
2s 
?s 
11 
16 
12 

!I 
9 

l3  I 

I 

....... ........ 

....... .. 

.......,........ I 
17 1 I*) I ............... 
zi i (*) i 
2 ? /  31 

- 

Fcd. 
1 1  R :I I 
LN.6 %Ti 
3b 6 :I1 
47.2 31 
47.5 3 1 
40.0 a1 
43.91 31 
23.2 I 31 

31 j 2 i  
21 

13.6 3-24 
n.n 23-25 

I r n  I xi 
11.5 I ?1 

I 

*Continued above flood stage a1l.er end ol nionth. 

A SKEW FREQUENCY CURVE APPLIED TO STREAM GAGE 
DATA. 

By WILLIAY GARDNEH REED. ss/. 48% 

[Dated I:. S. Oilice 01 Farm Management, Washington, Msr. i, Mi.] 

From a study of the frequency distributions of rainfall 
amounts it has appeared that nearly all the records show 
skew frequency polygons, in which the median observa- 
tion hak a smaher value than the mean of all the ohserm- 
tions.' Similar skewness esists in the frequency distri- 
bution of daily gage heights of the upper PnranB at 
Posadas (Misiones) Ar entina (4-27' 24' S., X=55' 50' 
W., H = 138 m.). Dr.%olfF, Chief of the Oficina Hydro- 
m6trica of Argentina, has coiiiputed the frequencies of 
these gage heights for the 12 years 1904-1915, represent- 

amounts. The data have been used in constructing 
figure 1, which is the fre  uency polygon and the skew 
frequency curve for the ?uniting case computed in the 
manner suggested by Tolley. 

5 a total of 4,383  observation^.^ His frequenc 
closely resembles those obtained for rainfa 

R 

- 
-sc7 -Q a. +u +zu +lU + r u  +so- 

FIG. l.-Frequmcy polygon and nkew freqiiency curve lor the limiting case Ior gagr 
heights on the P a r d  at Posadaa. 

Although WolfI has calculated the standard deviation, 
he has made little use of it in his tabulation. 
of interest to carry the computation a 

1 See ToUep, H. R.' Frequeey curves of climatic phenomena. MONTHLY WEATHBT: 

3 Wdi E. In dpdblica Ar&ntina Ofluna meteaol6gicanaclonal, BoletIn menmid: 
REVIEW Nov. 1916 U:634-0jZ 

BWOS xires, no; 3, marm 1016, I : 4&i. 

I Constant representing thc valw of 
skewness. ........................ k=* ...................... 

1 -  . .. - _- __ . .- - __ __ __ 
* Values computed by Woiff. 

Value. 
-- 
13S3* j.me * 

4 

4 
metars * 1.BZo- 

................... 
+Wlm= 4 * 
+o.aiu e * 

+1o.MxyImeters * 
+20.557!!?e?E * 

4 
meters * 

4 +m,m - 
I 

4 

4.525= 4 * 
+42$.m me+ 

+97,asa = 
+s4.58om+ 

4 

+0.913 

- - . 

The value of IC. (+0.913) is of the same sign and the 
sanie order of magnitude as that generally found in the 
case of rainfall amounts. 
variations in stream flow are closely dependent on varia- 
tions in rainfall. It would be interesting to determine 
the variations in rainfall over the ParanB drainage basin 
above Posadas, but this is scwcely practicable owing to 
the vast estent of the area and the paucity of usable 
records. 

In his statistical corn utation WOE-like the North 

Allen Haze~i ,~  of New York, and R. W. Davenport, of the 
U. S .  Geological Surve -has tacitly assumed that the 
standard deviation de&es the frequency distribution, 
and has not computed any measure of skewness. He 
has, however, clearly shown by his pol gon (fig. 1) 
tlitit skewness exists and has not attempte B to bring tho 
tails of his poly on, or the summation curve, into arbitrary 
agreement \mt% the normal curve. Tolley has shown 
thiit if skewness of the order here under consideration 
exists, its amount must be determined by the use of 
moments higher than the second, u, if predictions baaed 
on the limiting case are to have value. He has also 
shown that the measure of skewness, k, is determined 
with as ereat accuracy as is warranted by the ordinary 
record wten the third moment, p3, is used. 

The results of this tabulation of the Posadas data fur- 
nish a further indication that meteorological and allied 
phenomena tend to follow definite frequency distribu- 
tions which can be investmigated by modern statistical 
methods. The application of these methods to stream 
flow data is obviously of great importance in river and 
flood studies as well as in irrigation and other investiga- 
t,ions upon which depend the utilization of arid and semi- 
arid regions. 

The skewness in the Posadas fre uency distribution 

This is to be expected, as . 

Aniericaii engineers who K ave done similar work, notably . 

._ 
shows the advisability of using the t % ird moment in the 
. . .  ~ 

a See edpeclaUy Slorage to be provided in im unding reservoirs for munidpal water : 
supply. Trans., Am. soc. c. e., New Ymk, 1 9 6 7 7  : 153kL1669. 


