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SECTION IV-RIVERS AND FLOODS. 
RIVERS AND FLOODS, JULY, lSl6. 

By ALFRED J. HENRY, Professor in Charge. 

[DRted Weather Bureau, Washington, Sept. 2,1916.1 

FLOODS IN S O U T H E R N  R I V E R S .  

The J X Y ~ : ; , ~ C  of two t.ropicnl cyclones ovcr the East Gulf 
and South Athit ic Stmates se~mrntecl by an interval of but 
a few days, Imth st.oniis being nttencled by almost 
unprecaxleiit.ed pr~cipit~atioii, caused floods of great nir:g- 
nitude in tho rivers of Al::.bnnia aiid t,he Cnroluilns nnd of 
lesser magnitude 111 t.he rivers of Georgia aiid c&trii 
Tennessee. &ny lives w;cm lost and tho dcstructioii of 
property was grwter thcn hns b ~ e n  espeiicnccd in ninny 
ycars. By reason of t8he diflicilt~y in securing :mcl pre- 

the necessary nict,eorological and hydrol~gici~,l 

deferred until the issuc of the August, 1916, REVIEW. 
public:itio:i, a t1et:dccl account of this flood is 

FLOODS II i  OTHER R I V E R S .  

A moderatc flood occurred in the R.rd Rivcr of the 
Kortli during the early part of the month, due to henvy 
miiis O T C ~  the watcrshed on Junc 20 and 37 iincl tLg:j.iii on  
July 6 nncl 7. These rains weir coniincd almosts ~li01l-j 
to the w:atlersliecl of t8he Red River of the Korth, and 
resulted in tphe rather unusual iiccurrence of :I flood in 
summer. The clz~iii~ge to p:irks, rondwiL-p, ctc., in the 
cities of Moorhcad, Mhin., nncl Fargo, S. Dnk., did not 
exceed !%lO,OOO, niiil this wis niost,ly unpre~cntal~le. 

Hydrogrtiplis €or ty  kxl  points 011 sl?\rrrid pi~ici]>iil 
I. The stations scllectetl for 

clmr tinp are KP 1;o d i  , 8 t.. Louis , Me iiiphis , Vicl;slwrg, 
and Kew Orlrnrrs, on thc Mississippi ; C'iiiciiinnti and 
Clniro, on the Ohio ; Knshvillc, on tVhe C!unibrrl:ntl ; 
Johnsonville, 011 t.ho 'rrniicsscxi ; Ihisns C*?t,y, 011 tdic! 
Missouri; Little Rock, on the Arlionsm; :ind Shrcveportt, 
on the Rcd. 

rivers are sho\vn (111 C'inrt / 

A METHOD OF FORECASTING THE BEAHMUM SUMMER 
LEVEL IN LAKE TAHOE FROM ONE TO FOUR MONTHS 
IN ADVANCE. 

By IIENRY F. ALCIATORE, hfcbeorologist. 
[IVentheer Bureau, Reno, Ne\'., July 20, 101F.j 

1,akc Tidine, a ~voiidei-f~d hody of water of crystal-like 
rlekness:, ahout 21 miles long, 12 niilcs wiilt?, and mora 
than 500 fcct dcc 
C)nliforiiin in tho of t,hc. Sierras and has hut one. 
outlot,--tlic Truclw Rivcr. 1t.s waters, consisting chiefly 
of melted snow, pass through the United States R e c h  
mation Service dani at  Tahoe, Cal., and down the Truckee 
Riwr t.o P;vrainid Lake in iiortrliwestern Kevttda. This 
lake is the chief source of water su 

which includrs the section in western 
Nevada biowm as t,he Truckec Meadows. i\'aturally a 
keen interest is taken in the behavior of Lnkc Tdioe by 

pnrt,ly in Nevada mid partJy in 

power, and niunici 

that, in seasons of heavy run-off the level of the lake may 
be regulat>ed with n view to st.oring as niwli water as 
possiblc for irrigating t.hc Nevada farms, operating the 
y v e r  plants, ct,c., wit.hout permitt,ing the water in t,he 
&e to rise t.0 R point where it might clnninge property 

on t.he hke  front. This control of the lake's level is as 
iirarly perfect as the ingenuity and watclifdiicss of the 
reclamation officials can make it. 

A st,udy of the a.ra.ildde snowfall and run-off data col- 
lected by the Wcat.lier Bureau in the Tahoe watershed 
for tho ycars 1909-1915, bcgun in the s wing and com- 
p1et.cd in thr Fall of 1915, red us to  h i e v e  that fairly 
accurnte estiiiicttm of t.hc prohrthlr ma.sinium summcr 
level in Lake Ttilioe, and thercforo it,s water supply, 
might, bo niadt: several mont.lis in adva.nce by n quanti- 
t,ative 2,erccnt.age-rclationship method t,lien devised and 
here briefly dcecrihcd. 

The proposrd met.hocl, which has been tested for two 
successive seasms with satisfactory results, requires only 
to hiow liow ninny iiiches of snow (uiinielted) have fde i i  
niont.1d-y from Ilcccniber to April at cncli of the moun- 
t.ain-snowfa~1 stnt.ions in t;he Tnickee-Tahoe watershed. 

Precil,it~::tion clat>n for the nmntlis of Nowinher, May, 
Juiic, 2nd July arc not necessnry, But should crception- 
ally heavy rrins occur in t,he wcttei-shed after May l-a 
wry remotre possihi1it-y-the estimated levels would have 
to bo raised accordingly. Tnis correction would be a 
siniplc nintt.er. ,4s n rule the precipitation that occurs 
after 1h-y 1 is not a t  nll likely to alter the estimates made 
cnrlier in t,hc seiwon. 

Tho :tvc~;igc fall of snow for t.he entire wnt8erahed €or 
iiiij- iiionth, coni~~utcd to the ncarest whole inch, is ob- 
tained by dividing the suiii of the :;ereral moii thly 
:~inoun 1.s rqior td .  by the iiuniber of stm:rt8ions reporting. 
No i?bt.ciiil) t f; t weighting the iudividunl monthly or sea- 
solid fnlls liiis been imide, for the rc~,son thut the nuniher 
of point.s (!I) :it which regular observations tire made is so 
siiinll rclntivc.ly t,o t,he wit  tershed's area (5 19 square miles) 
ns  to milie t,hat jmceedino unnecessary; also for the fur- 
bher rciwm t.liatv good resuhs have been obtained without 
such wcighting. 

To illust'rlite : Tlic average snowfsll for the ent.ire water- 
shed for the niontli o€ December, 1915, gjven ais 3s inches 
in ono of the subjoined t:ibles was obtninccl as shown in 
TaLb 1. 

TABLE l.--Snow$dl for  thc cntirc tcmtrrsht-d qf L d c  Tukoe, Dfcmber ,  
191.5. 

(see n b i e  1.1 

Stations. A Itibude 
(XI. S. L.). 

Total snoa- 
fall. De- 
cember, 
1915 (im- 
melted). 

IWlIcS. 
32 
25 
43 
43 
39 
33 

MI 
28 
29 

339 

38 
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Feb. 

Inches. 
?2 
18 
22 
35 
46 
20 
36 
27 
26 

37 

a2 

1% 

162 

- 

By a similar process a table of average snowfall (cu- 
mulative) for the entire watershed, covering the 6-year 
period from 1909-10 to 1914-15, based on snowfall h a  
collected at the stations named above, has been prepared, 
and forms the basis of coniparison for determining the 
character, quantitatively, of a season’s snowfall. The 
table follows. 

Mar. 

Inched. 
31 
24 
41 
29 
38 
38 
25 
16 
19 

? s a  
27 

a 1  

153 

154 

-- 

TABLE 2.-Average cumulative anowfall in ihe Triickee- Tahoe basin. 

[December to April, 9 stations, 6 sessons.] 

Apr. 

Inchss. 
T* 
T 
T 
T 

- 

0 

0 

T 
10 

281 

193 

146 

season. I Dec. 1 Jan. 

Season. 

I n c h .  
!a91 
!20 
343 
334 
310 o w  

1 3 3 0  
256 o m  
!2m 
193 

281 

193 

146 

-- 
IIobart Mills ....................... 
Truckee ............................ 
Tahw .............................. 
McIiimey .......................... 
Fallen Lmf ......................... 
Tsllnc .............................. 
Marlette Lake. ..................... 
Glenbrook .......................... 
BIJou ............................... 
Means .............................. 
6-yearmoans ....................... 
Cumulative means, 1915-16 ......... 

......... 

-- 

Fob. 1 Mar. 

-, . 

Inched. Inchca. 
32 208 
25 143 
42 238 
43 m 
39 167 
33 155 
66 2JO 
2s 165 
29 132 

3s 1% 
31 88 

38 224 

I 31 
6-year cumulative means.. 119 

*pr. 

Inchrs. 
173 

130 
157 
218 
1 i i  

193 

- 

304 

JSn. 

Entire 
SeDsOu. 

Xiiehra. 
173 

130 
157 
21s 
17’1 

193 

3111 

Feet. 
0.99 
1.40 
0.13 
0.25 
2.06 
0.26 

0.85 

0. 60 

20 

1909-10 .............................. 
1910-11 

191%13... ........................... 1911-12 

Cumulative means... ............... 
1913-14.. 
1914-15.. 

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

Feb. 

Imbed. I I ~ ~ h t 8 .  
126 

111 

Fect. 
1.21 
2.01 
0.13 
0.25 
2.33 
0.94 

1. IS 
0.30 

10 

Greatat snowfsU, season of 1910-11.. .......................................... 
Least snowfall, season of 1911-12 ............................................... 

Mar. 

304 

130 

Fect. 
1.54 
3.18 
0.19 
0. 25 
3.55 
1.04 

1.29 

0.14 

B 

Sesson. 

1909-10 ............. 
1910-11 ............. 
1911-12 ............. 
1912-13 ............. 
1913-14 ............. 
1914-15 ............. 
Cumulative meaus. 

Monthly means. - -. 
I’crcentage of total 

change ........... 

! 

I 
Dee. 

- 
FEet. 
0.48 
0.07 
0.00 
0.00 
0.83 
0.14 

0.25 

0.25 

8 

Feet. ’ Feet. 
2.10 2.5s 
3.71 I 3.52 
0.3i , 0.SS 

3.25 1 4.33 
1.41 ! 2.03 

0.46 1.0s 

Fml. ’ Fed. ’ Feet. 
2.61 2 . M  2.M 
4.75 5.07 5.07 
1.2s 1.2s 1.2s 

4.94 5 01 5.U1 
2.53 2160 I 2.60 

1.33 1.33 . 1.33 

In  Table 4 we give the monthly nnd sensoid snowfall 
for the season of 1915-16, December to April, computed 
for stations, and the monthly and seasoid tiveragcs for 
the entire watershed. 

1.12 2.39 

0.43 1 0.67 

15 : 

TABLE 4.-Monthly and seasonal snowfall in !L’rwke-Talros Basin, 
seaaon of 1915-16. 

2.91 

0.52 1 :::: 
a j Il)tl 

station. I Dec. 1 Jan. 

* T indicates amounts less than 1 inch. 

LAKE-LEVEL FORECASTS FOR 1916. 

In the Spring of l9lG the miter made three forecasts 
of the probable ninsiniuiii simmer level in Lake Talioe- 
the first., Milnrch S, t,he scc~iid, April 6, and the last, May 
$--lxwt!tl on the porccmt :~gre-rt.lnt,ic,!iship bc tween t,he 
sililowfidl aud cliaiige in laki! Ic~c. . l  froni Deceiiibm 1 to 
t.0 Febru:wy 39, Deconibc.r 1 to hlnrcli 31, and December 
1 t.0 Bpi1 30. 

FLat j;irecast, -lhrc7i, S. 

Snowfall, December to February.. ................. .inches. . 252 
Normal suowfall for same period. ................... -do- ... 156 
Percenta e of nornial ....................................... 162 
Normal cffange in level, March to Jul .............. .feet. . 1.83 
Probable change in level, aame perioJ-l.G?Xi.S3=.. .feet. . 2.96 
Lake level on Feb. 29, 1916 (above N. S. L.) . . - - - -. .do.. - - 6,338.09 
Probable maximum stage for 1916. - - - - - . . - -. - -. - - - - .do. - -. 6, 331.05 
Actual m u m u m  lake stage. ....................... .do.. .. 6,230.65 

Looldug at this forecast from our viewpoint, it will be 
seen that the snowfall of 1915-16, from December to 
Febru:wy, mas 62 er cent greater than the normal. 

1 3 3  feet. Now, since the average &:tnge in level is pro- 
portional (within certain 1imit.s) t.0 the average snowf d, 
mid since the latter was G2 per cent above normal, it was 
assumed that the change in lcvel after March 1 would 
osceed t,lie normal in >rncticnlly the sitnie ratio. Of 

liot, vary directly as the ~ l i ~ \ f i t l l ,  1101’ eve11 as the total 
precipitation. By reason of its great depth and tBi? ngi- 
t.iit.ion of its rnait,cw l>.y the stoimis of winter, Lake Tahoe 
never freezes mer. It is, t>herefore, obvious that from 
December to February, this season, tjhat part of the pre- 
cipitat,ion which occurred as r;tiu over the lake lus that 
part which fell as snow, influenced the laks leve P as rap- 
iclly as it fell and caused t h  lake to rise 1.61 feet,. Of 
this rise, 1.23/1.61, or 7G pcr cent, occurred in January, 

Table 3 shows that t E e normal sprino rise after March 1 is 

coiii-se, it is hiown that t 1 c run-o& in this wat,ershed does 
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which was a month of phenonienrtl snowfall. In our 
computations we havs ignored the ra1infaU because of a 
re ettable paucity of dnt>n and the insuperable diifi- 
c3ies encouaterecl in  a11 attempts to segregat,e t81ie rain 
from the snow. IIou'emr, the writer believes that, in an 
average season t,hc t.otal rninfnll will not exceed 10 per 
cent of the t,ot,al prec.ipit.nt.ion. This rainfad factor :iliiil 
loss& by evaporation : a i d  soil nbso ip th  >roheblv ac- 
count for t.he observed diflerences lmtween t. t ie predictrtt 
and talle ac.t.ual change in levcl. 

Snowfall, December to March.. - -. -. . - - - - -. - 
Normal snowfall, December to March.. .............. .do. ... 

rYt-co,nd jorccad , Apt4 6. 
- -. .inches. 381 

153 
Perceny of normal f d l . _ . . _ .  - - - -. . - - - -. . - - - - -. . - - - -. - 1.54 
Normal c ange in level, A ril to Julv. .............. .feet.. 1.69 
Probable changein level, April to July, 1.54Xl.G9=. .do. - -. 3. G O  
Actual lake level, Mar. 31 (above M. S. L.)- ......... .do. ... 6.325.10 

Probable maximum &age for 1916. ................. .do. ... 6,230.70 
Actual maximum stage for 1916 ..................... .do.. .. 6.230.65 

Tltird jbrecnst, Nay 4. 
Snowfall, December t.o April. .................... .inches.. 
Normal Snowfall, December to April. ............... .do.. .. 

2s1 
193 
1-16 

h m a l  c nge in level, ?dav to July.. ............... .feet. . 1.26 
Probable change in level, ~ a y  to July, 1.46X1.36=. .do.. .. 1.84 
Actual lake level, Apr. 30. .......................... .do.. .. 6,228.56 

Probable maximum lake stage for 1916 ............. .do.. .. 6,230. -10 
Actual maximum lake stage for 1916 ................ .do.. .. G, 230.65 

First year trial foreca..sta, 191 5.  
By the same iiiet~liod os t,liat ctescribecl in the foregoing 

aphs, tr-id es.#i?/mtcs of tlie ni:wiiiiiiiii level of t . 1 ~  Lytgr the suninier of 1015 were made in the fall of thatv 
year. 

The estimatis for 1915 were based on 10 stations, 
instead of nine; t,he 10th station TVBS Lewer's ranc.li, 
Nevada, wliic,h mas dropped froni t,lie list because t.lie 
observations were discontmued at tmliats place in Noreni- 
ber, 1915. 

In the S r ing of 1916 another investigation w.zs iiiicler- 
taken anc completed for the nir osc of ascertaining 
whether satisfactory results nii- it e had lw the snnic 
method, but with a sninlbr nuiii.er of recorcls'. For that. 
UI ose we select.ed four stations-nniiiely, Ti~lioe, C!d. ; 

&c&nney, Cal.; Marlette Lake, Nev.; and Bijou, C d .  
In makin this selection we lind in mind the fnct t.liat at 
ordinar fcvels the avcrage sensoiial snowfall is appre- 
ciably 6ss  on the east side of Lake Talioe t h i  011 the 
west side. The averagc. snowfdl for tlie entire T:ilioe 
basin used in the second iiirestigation was that baaed 011 
the records €or t8he four stations namecl. 

Percenxof normal fall- ....................... .per cent. . 

\ !  l! 

CONCLUSIONS. 

The results obt,nined in 1915, a season of lidit sIiO~vf.zU,  
and those for 1916, a season of heavy snowhl,  indicate 
that the roposed method is prnct,icnl, aiid that the 
estiniat,es Eased 011 snowfa11 records for four stations are 
of practically t,he sanie degree of ncciiracy :LS those based 
on a larger number of records. 

. i  

ANNUAL RISE IN THE COLUMBIA RIVER. 

By ~ O Y D  D. YOUNQ, Assistant Observer. 
(Abetract.) 

As is well known the annual rise in the Columbia Rivcr 
is due to the melting of the accumulated snow ?f s ring 
in the higher levels of headwater streams, and IS, t !i ere- 

fore, conditioned to a greater or less extent upon the 
:iniount8 of siiow which reinailis upon the ground until 
Carl\- siininicr aiid dso tlic teniperaturc over the watw- 
s1id driring thp nioiitlis when nifaltiiig is goin 

'l'liv follwviiig t t~l)li>, ('1 ~nipilcd from t,hc. IONTHLI- 
\ V F . ~ T I I ~  11 FVIEW, shows t h  tempraturc aiicl preci i- 
tatiuii clwr t i!ortIivii Plnteau (luring the snowynll 
SPnsoI) of 191 5-1 6 .  

f; On. 

Mnnlli. 

Deeemlvr ......... 1915. ........... ................ I OF. 1 OF. I I n c h .  1 Imhts. . 32.2 +0.3 1.58 -0.2 

191lj. 
Jnnunrv. .................................... 
FQ'eluUiW .................................... 
h r e h  ....................................... ...................................... 

Tlie n b o w  table sliows t,liat the temperature was below 
llfir1Ilii,l and t h  mcipitation above normal. Those con- 

for iiiniiy snowi'nll st.:i.tiom re orted niorc snow than had 
been prcvi(-asly rcw-~rd~cl, an%niany old settlers reported 
t,hc grcnt.& dcpt.11 of snow in the iiiountaiiis they had 
('I-L'r l~ll!.l\vl~. 

Tlic f~-tllow-iiig sunininry WIS published by the Weather 
Eurtnu in t.hc Oregon Siiowhll BuIlt>tin for March, 1916 : 

Last winter m s  unusually ccM, and tlie snowfall not only began 
~arlier in the fall and ended later in the spring t,han usual, but the 
iiiiiouiits t.liat Id1 were the henviest in years. The snow now in f.he 
mountains is w?!I psckerl and 11x3 a high water content. Much of that 
1r1iic.h l m  RU far melted. sodiecl into the ground and the soil is well 
nioist.enet1 to a oil dept.11. Under normal tem erature conditions 
during April ai&Isv higher waber than usual w81 occur durin the 
annual rise in the G'ohnibia River and those cultivating bottom fmds 
8hould govern tlicmselres nccordingl y. 

' h s  uppw t.ribut,arivs o f  the Colunibin be an to rise 
cnrly, thc 1G:)cltcnni 1i~ii.r tlic end of A ril, nil 5 tlie Pend 

gr:idudy and st,ciidily aI'1.c~ t P ie first of April. Cold 
wmthcr n~:ilr the r i d  of May t,eiiipornrily checked $he 
rise in t.hr t,ribut,nrirs and tlie crrsts occurred in the Peiid 
d'urrille cnrly in Jnly niid in the Kootenni lata in June. 
The Siiakc Xiwr rcnc.lied the crest later than usual, 
a.bout the iiiiddle of June, but was well on its way down 
whcn t.ho c.r& in t.ho Colunihia arrived. 

l'hc siiia.11 discharge of t,he Snake R.i'F(tr was the most 
uncsprcted fvnture of tlw flood. The highest stage 
reached at Lewiston wns 5.3 fect below t,hn flood stage 
a.nd at  Plipmia the crest wns 1 3  feet below the flood stage. 
As usual, t.hc CuluiiibiiL at  I~mat.illn., mid to a lesser extent 
tlic bnckwatctr from the Columbin at  Portsland, closely 
followed tlie niovciiient.s of the Snake River. 

The flood stage wiis reached at  Portlalid, Oreg., on 
May 7, but c.oolrr weather over the up ier watershed 
caused the watrr to rccede on Ma 19. IT he river was 
npain nbcn-c! tjic iliioci stage. from dy 33 to 35 inclusive, 
n f ' t , ~ ~  which it €VU almit 0.5 foot, reiiiainiiig nearly sta- 
t.ioiiiiry uut,il Juni. S whcn it hcgaii to rise again. The 
cwst8 I V ~ I S  r e ~ : d i d  (111 3ulp 4 aid  5 with a stage of 23.9 
fect. 'Yliis is t,he h e s t  date 011 which the crest of the 

!T niiimnl rise liiis ciccuiwd nt Portland siiici+ gagc roadin 
were begun at that place; the latest date previousy 
recorded wa.s July 3, 1Y80. The crest at  Portland was 
accurately forecast as to time of occurrence, but the 
actual hclglit was 0.3 foot higher than the stage forecast, 

dit,icsns wrc? pro 1 mldy niore pronounced at higher levels, 

d'Ordle curly in Ihi-; t,hr up er Co 7 uinbia itself rose 


