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Sumner ............................ 
Butler ............................. 
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1914. 
Mar. 2S 
-2pr. 17 
June 1 
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Smlth ............................. 
Wilson. Neosho. and Grrenwood#. 
Montgomery and Lahette.. ........ 
Cherokee .......................... 

Bourbon ........................... 

TABLE 3.--Liet of t o d o e s  reported in Kmas, 1889-1896. 
From report by Pro!. A. J. Henry, In "Report of the ChleI oi the Weather Bureau 

1695-L16."1 

June ? 

1.k-t. 9 
Oct. 9 
Oct. 9 

A l l K .  10 

~. 
I 

county. j Date. 

- .___ -- i 166g. 
Pratt .................................... May 6 
StaEord ................................. May 6 
Rice ..................................... Mag 6 
Washington ............................. Yay 6 
McPherson .............................. May a8 
Chase .................................... Yay 25 
Chautauqua ............................. June 8 

Wlchita ........................... 
Kiowa ............................. 
Pottamtomie ..................... 
Coffer ............................. 
Bourbon ........................... 

Wilson .................................. Yay 9 

Decatur ................................. May 20 
1691. 

131.5. 
June 3 
June 11 
June 1 i  
Juue 17 
June 17 

1691. 
Kiowa ................................... Mar. 31 
Rlce ..................................... Mar. 31 
Saline ................................... Mar. 31 
Clay ..................................... Mar. 31 
Sumner .................................. Mar. 31 
Sumner .................................. Mar. 31 
Butler .................................. .I Mar. 31 
Butler ................................... Mar. 31 
Marion.. ................................ I Mar. 31 

Mar. 31 
Mar. 31 

pr. 3 
Lay 13 

May 27 
189s. 

- pr. 11 
pr. 11 

Apr. 12 
Apr. 13 
Apr. 2s 
June 21 

Cowley ............... ...................I June 21 
Pawna E. 10 
Logu F. 12 

Wlchita ........................... 
Kiowa ............................. 
Pottamtomie ..................... 
Coffer ............................. 
Bourbon ........................... 

I I E . . . .  ....................... I 
ry.. ........................... A' 
I .............................. 1- 

131.5. 
June 3 
June 11 
June 1 i  
Juue 17 
June 17 

in ...................................... ' A1 
n ................................... I A: 

Grant ............................. 
C'rawford .......................... 
Tiarton ............................ 
rmtt ............................ 
Sunnier and Sed~s ick . .  .......... 

I 
Lin 
Brow 
os8ge ................................... 
Miami.. ................................. 
Anderson.. .............................. 
Jefferson .................................. 

June 23 
June 30 
Kov. 10 
NOV. i n  
Xur. 10 

e... ............................... AII; 
I.. ................................ _I I U ,  

lS94. 
Je well......... .......................... Yay 2 
Chase .................................... June 25 

Crawford ................................ 
Hurvey .................................. 
Lyon .................................... June 17 

CJoud, Clay, and Il'ashington ............ 
!a ..................................... 

cotloy ................................... Sept. 8 
18%. 0 

Brown. 
Towler.. ............................... _ !  May 1 Y  
L on: ................................... May 20 
Slawnee ................................. May 2'0 
Cowley .................................. M3y 20 

-- . 

LOSS. 

Lives. Propetty. 
Hour. 1 

...... - 
6 m  
7:% p.m 
6:15 p. m.... 
11:mp.m ... 
2 p . m  ....... l o 
4 p . m . .  .... 
2 p . m  .......I 0 6, wo 
4p. m ....... 
1 2 : ~  a. m.. .I 
P:30p.m .... 
5:mo.m ............ 1 1 
8 : ~ b . m  ............ 
9 p.m ....... j t 2 I 
9p.m ............... 
3 m  ............... 
,:Ep.m ............ 
IO p. m ...... t 17 
IO p. m .............. ;ix. ,m .............. 

mgbt .... tl; 
230 p. m.. .. 
k50p.m .... 0 
~:mtogp.m.  16 

3p.m ....... ..................... 
2p.m .......I 2 

5:45 p. m.. -. 0 
ip.m.. ..... 0 

7p.m ....... 1 
k30p.m .... 8 
k30p. m ............ 

)(DPilOI.mi Bp.m ....... f j 
Pa.m....... 
k30 to R:30 t Z 5  

3p.m ............... 

t This includes totals for storms immediately preceding for which 110 total Is given. * Damage very small. 
$ 'ro June 30 only. 

TABLE l.-List ol' tornodocs reporlvd in h-onstis. 191-i rind 191;. 
[From "Monthly Reports of Clirnntologid nata of linnan*."J 

I I Loss. 

I 'orulty. 
I.iws. PmP'*g (estimated ). 

Hour. I I 1 nate. j ' 

I---l-- 
5:30 p. m. .  ........ 
5:Wp. m .......... 
615p. nl .......... 
3 p . m  
5:30 to 630 p. m.. 

Xp. m ............. 

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

a . 3 0 ~ .  m -. 

0 p . m  ............. I I 4 o . m  
830p.m .......... 0 '  80,OOO 

5 p . m  ............. 
9D.m ............. 
4 p . m  ............. 51 5,000 

3D.m ............. . .  ................... 2, ooo -. ,.07p.rn _ _ _ _ _ . _ _ _ . !  I ? !  1.w0.000 
s3Op. 111 .......... : 0 I :5,W 
10 p. In... ......... I 3 : 3.000 

Total number of tornadoes in the 10 years 1889-1896 
and 1914-15, 64; number of lives lost, 143; property 
loss, $2,427,200. 

REFORESTATION AND OCCULT CONDENSATION.' 

By PAUL DESCOMBES, Honorary Director of State Manufacturea. 

[Dated: July 1.1911, Bordeaux, France.] 

Tlie tree has ;dw:iys been considoreci the grc?:l.t regu- 
lirtor of wateis, cilthough science 11:~s yet to trailslate 
this bmcficent action into precise formultc. There $:re 
periods when oiie sees entire regions 1:LieI wiste by defor- 
t.st:ition, as Slgieis where the aqueducts aiid the hot 
springs of niwient cities coiitriis t w4t.h the clried-up be& 
uf w-aclies which wi.terec1 thein in foriuer times, 11nc1 it  is 
only n few ye:m since nitin begm to penetrate bhe niystery 
which ~ w ~ - - c ~ J ~ s  the hydrologic r8le of tho forest. 

l h i n  ths rcry first in~-estigntions 1 ~ i 1 . w  supported 
1111 iiicreiise of rains by reforestn timi, 11nd M. Daubr6e 
suimii:wizecl thtm iii 191.0 in his report. to t.ho Comniission 

TI19 clJntlensing action of forest8 h h e n  confirmed experimentally 
at 1'Ecole de Nancy. From a series of observatinna made in 1337-1899 
it hllows that the averap quantities of rain falling in a forest and out- 
side it flirest arc in the ratio of 100 ti, 76. Prof. Ebermayer in Germany 
and Blanford in India have found that t.he depth of rainfall llas been, 
on thr average. 12 per cent greater in a fwest. than on an open tield. 

The action of hire& u p n  rain n h d d  not be re1tyatr.d tn the infinitely 
sn~:rll meteiiriilogical data. as (.%zanne Hays. One is justified in ansert- 
ing that the presence of hmstu augmentr pluviwity. ti, IJe sure in 
variable measure, according to the d r  currents, topography, and from 
other causes.* 

This increase of the ctniiual miount of ruin water, 
whether i t  be a quarter or an eighth, is far from corre- 
sponding to the ninplitude of the phenomenon which 
transforins revions previously watered but from which 
the t,ree has &appeared, into wnt.erlcss deserts, and a 
new way opened up to iiivestigations when attention was 
clrnwn to  t,ho import,ance .of atmosphcrio condensations 
not, measurable by t.lw raingage. 

The majority of the works on forestry emphasize the iiifiuance of the 
foreets upon the rainfall rbgime and t.he regulation of run-off. The 
trees have yet another hydrologic r61e which it is proper to put in evi- 
dencc-t.hey prowdie an abundant condeiisat.ion of meteoric water 
wit,liout rain. 
In foggy weat,her everyone lirw seen numerous drops fall froin the 

t.rees resulting from the condensation of the fog. 
In the clearest. air, also, abundant, cotideneation is produced on the 

trees; clew during the night, hoarfrost and needles of all forms during 
days of frost. 

All waters result,iiig from thene condensations without rain reach the 
ground softly and succesclivelv, under the most, favorable conditioua 
for their abmrption by the soil and the nourishing of s rings. They 
are of great interest in alpine eroiiomy because they al)ways contain 
onimonia even at the highest elevations and thus supply nitrogen 
assimilable by regetation. In  t.he equatorial regions, even far removed 
from the sea and permanent wat.er bodies, the dew continues to form 
during the dry season and is abundant enough to slipport vegetation 
and to fiirnieh water to certain animals.3 

These diverse varieties of condensat.iol1 wit.houl rain occur also on 
the bare soil, but. their intensity is found to be coilsiderably augmented 
in t,hc foreste by the expanse and high radiative power of the foliage 
surface. 

The deterininat.ions which one might make in cold regions or at great 
altitudes woiilcl present a very real interest in making known the im- 
portslice of theso condeneatiom wivithout rain and the relations which 
they might bear to t.he qua1itit.y of wader evaporated by the vcgetat,ion .' 

011 l'll~ods, :1s follows : 

1 Dfacombea, Paul. Le r&lwisement et les mn~lensati~~ns orcnltm. i'.-r. .4.wc. franc 
18.  l'av.riicern. drssr i  .. .I:+* sess. 1.e Ihvrr, 1914. Sulc . ;d  lI;.m. !'nri*. WiG. pi'. 33;-341 
!l'cin*iuttd :I!J H. Lrmnii and 1 ' .  .?b l ,~  jr. .  for the 3 i v w r i i i . I  WP.TIIKZ 1:~vn:w. - Daubrie, I,. R i p p a t s  et dvvumrnis del8 i'oin:uision den Inoudntions. Imprlmerie 
Sativnale. Park. 1910.]1. mi. 

8 Repnrted bv Hrtui Polier, Cs. taine de l'lnlanterie coloulale. 
~Dcacombcs, Paaul. Sur uu motle de I'action hydrulogiyiie des fbrets. BOC. des. aci. 

phys. et nat., Hordwux,I7 mars 1904. 
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F'rench esperiments in this hie have not yet heen 
ossible, for tlie service of agricultural meteorology lins 

gee, establislied only n few months in Fr:uice aiicl t h !  
decree prepared two yeais ago [1915] looking t,ownrd the 
organization of :t scientific forest. service 1ia.s nott yet bceii 
signed. Stmill, some recent result,s make it, pssi1)le t.o 
estiniat,e tmlie import,nnce of conclensntioii without rain. 

It is hiown in effect thatv tlic Swiss nietxwologists, 
part8iculiirly Prof. Forel, have reported nn uiilooliuil-for 
circumstance which is often manifest, at, gre:it iiltit,udes. 
viz, the annual stremi discharwx excoetl the niiiount of 
rain or snow falling in tlie v d e y  'tiid i nisnsurecl inst,ru- 
mentdp:,5 furtlieriiiore, the smie hss been obstm-et1 in 
France on tlie plnt,etui of Ltiii es, at, t,he rrsrrre:iir of t,he 
Mouclie which servcs to f e d  t . E  cnnn.1 bet\\rec.n tlic M:ime 
and t,lie MFuse. These supplement,:il wat,ers wisincr fruni 
condensat,ioiis without rmi, one niny conclude tyi:i.t. in 
certain drniiinge hnsiiis the qu:tnt.it,y of wat.er originnt.ing 
from occult, condoiislttioiis esceeils t,litit lost by er:ipora- 
t,ion, niid since, according to M. I)nul>r6e, t,lic :uiiount of 
evaporation from n drninii,ge h s i n  is iiiorc t.li:in 1 d f  of 
that which falls :IS tliese occult, coiidciisat,ic)iis es- 
ceed in certain cmes one-half of the rilin rewived by the 
valley. 

If it is iiot yet known by precise iiieii.siireiiieiit,s the 
degree to which reforestation :iugmcmt.s tlirse occiilt coli- 

. densatmions, it  suffices t,o co1111~:tre the p1uiiic.s of lionr- 
frost which decorate n t,ree nfter a  de:^ wiiit.er night, or 
the hrge drops wliicli in t . 1 ~  nioriiing roll :ihout, 011 t,lic! 
leaves of the liunihlc cnbbngc-, with t.lie cstrtbnicly siii:iLl 
qiiniit,ity of dew that cove1?.j iiii equivtdent areit of cle- 
i d e d  soil in t,lieir neivliborliood in order t,o 1wrceh.e t.lint 
vegetation considertt1,Py nugiiient.s tliese occ:ult, coiicliw- 
satlonu. 

Lacking t,he esperiiiieiit,a in o?)serv:it,uric..s)ries or rcwii.rcli 
lnl)orat.ories--iiot, ii spt&iiit!ii of w1iit:li has 1)c~c~ii  so f:ir 
publisliect--a prebniiiittry clet,c.rmiii:iticJn pcmiits oiio t,o 
a preciate t,he clegee to wliioli .c-eget8:i.tion 11i:i.y rer.nfi,rot? 
t Y lis occult coiirlensatioii. 

The aiiio~iit of i l c ~  collect,e;l i:)11 M:iy 2 ,  191 :I, 011 s(.)111~ 
7 mensurctl lenves :iiiiouiit,ed to  2.3 gri~iils p ' r  

s iinie c eciiiiet,er, which coi~es micls to 0.23 iiiiii. of rain- 
fa 1. Now, assuming t,litit t.lie ! oliwo of n lnrge taec repre- 
sents 1Jut. 15 st.ii es of 1eiLves tin8 t,lint t,lic iiuiiilwr of 

p w ,  
a iiot improbable nuniber in i i  drv cli~iiat~e, thew t. ie w:.:lt,c!r 
annually deposit,ed w-ouh\ 1 ie the cq1liT-nlc.nt of (I.?:< X 
15 X 200 = (390 111111. This qu:intd,y of w:it.i?r differs but 
little from the niiiiunl rainfall :kt :L gre:kt number of st:L- 
tions, and we are just,ified in saiyiiig t h t v  '' the clu:i.nt,it,\- 
of wnt,er n.niiua,lly cleposit.eil on t,lit! t,rees by occult (:I m- 
deiisntioii is of t,he s:uiie order i1.s t h t ,  wniiiig froiii 
rains.'J 

The importitiice of tdiis supplementary siipply of 
meteoric water for the wooded territili s h o ~ s  l i u ~  tlic 
deutnictioii of forest& helps t,o trnnsform i t  iii t,o clc!sc+i.t. 
soil. Deforestittion, first of till? cuts tlowi thc iiii~jor 
part of occult coiideiisations aiid :it the sitiii~ time redures 
the quttntity of rniii wnter. It is goiiernU~- followed lty 
increiisetl pnsturing of w a t s  aiid sheep, \diose xliort- 
sighted owneis ?dievo t > h ,  iiiorc ~x:: * + will Le st*curetl 
by cutting down the woocl~? and tyie lire stock devour 
dowx to the roots the plants that they tear up while 
browsing in dry seasons. 

casef9 7 
\ ni&s .rr-lien t,he c P ew foriiis 011 them in:i,y 1~ WO 

8 Service d'btudes deu grnnd forces hydrauliquw, region clw Alps. I'nris, IWS, lou1c 
iii. g. ??. 

aubr6e ,L., IJC. cit. 

When tlie herhnceous vegetation, increasingly rare, 
litis disq)penrecl in its turii, the burning sun rapidly 
eviiporates d l  tlie surficial 1vatt:rs wliila the subterranean 
rirsrs esist oiilg for the purpose of carrying off the waters 
pre(.ipitnt,t?d ty the s t ed i ly  clecreitsing and in teriiiitteiit 
r i i  is. 

This is the kind of deva~tat~ioii that muses such an 
e:ir:roachnieiit~ of the desert 8s was recently re lorted h 
the espeilition to survtty tho region about Lake Tchad! 

A wriw of dry yenrs--8~ys the commnncler, Tilho--lias permit- 
!:<I t.lie Sahara t.0 arlvaiice sout.liwarrl at the same t,ime that Lake 
lrhad diminislied in extent.. Thus, in July, NOS, t.lw oasis of Beclua- 
rail1 to tlie uortli of Luke Tchud markwl t.111. boimdxry Iict.ween st.rppe 
a i d  desert; its nrborescent vt@ation fell off to some 10 or 12 Tulliau. 
: L I I ~  the tlmio on blir slintliesst wns cixrrerl with the charact.eristic 
drsert. plnut.s--Had and Ncssi. Now in June, l Y N ,  Nachtigd had 
i i t d d  in t . 1~ -  saiiit~ rt.giirjn tlir sbseiice of Had and t.he exisknce of n thin 
forrst. ( i i i i c  cldre for& 1 co~~p~ise i l  of brees of t,lie Soiidnu steppe. In 
1 : ~ .  ut tlir timr of m r  visit., the first. gum acacias aud a few Serrdis did 
i u d  appmr until me were wrll within 11ie rlept.lis of t,lie oasis N'Cicturti, 
IIICI~C' t.l:nii IjU kiloniet.rrs SIJ1lt.h of 13etlcnrl1111.~ 

The ;lsctci.a tortilais, the Tnlhn, w1iic.h tlie Lake Tchad 
especlit,ion pho togrnplird iietir tho Gouradi w~.t.lls,* is the 
solo survivor of an imiiieiise forest whose history we shall 
ii(!ver klio\\-. Besides it will never iiistter whoflier the 
forest wis destroyed ljy fire or otherwise, tlio cliniatic 
iiiotliiico.t.ioiis h t  litivc acoompanied its clisappearmico 
show t,ho geiwsis of t.lie taniisforaiutioli i1it.o desert. 

'l'lic! 1ii:uwner in which tlio clesert, s i m d u  n ~ t l  by which 
thc rliimtic. tloteriorntioii is aggrnvtittd suffice!, furthcr- 
iii1)rc, to iii1lic:ite the (*01111 teriiiatliotls for .the rescue of 
wrt.:iiii desert regioiis froin t.lie vicious circle in which 
f h y  sreiii t,o lw at :t stmdstill. "Vc etntioii is lacking 
fur w-:uit, o f  \\-tit,er :i.nd water is lacl<iiig f or wmit of vogeta- 
tioii . " 

I t ,  ~-oul ( l  gc?ncrally be possihle l o  raestalJlish in the 
vic.iiiit.y of \vt?lls or ozi.ses :lily kiiid of regetittioil merely 
1))- supl>r~!ss.11ig piistumge, : i i i t l  this woultl result in H, 

first, I i~drohgic~ nnielioratioi I. 'l'ho trees which could 
t h i  bo plnnttd in tlie sliolbc!r d' the initid vegetation 
~ w i i l d  producc :i furt,her inilmwoiiwi I i. iii c1iiii:itc. niicl the 
progrc-!ssive elil:u.geiiieiit, of t,Iit!se spot,* of verilure woultl 
this rt!cl:iiiii co11s;itler:il~le rcgions fri mi the dosert. 

Vurtlieniiore, it is not iiec.essnry to go as far tis tlie 
dosert in circler t u  nppreciate: the int~!rest which attaches 
t,lt the rcxxfor(:oiiient 1)y c.w.iilt (:oii~le~isitt.ic.tiis, for it 
wtultl r(!niedy the sczLroit,y uf water micler ivhich naviga- 
t,ioii and hy1r:iiilic power suffer. during the su~iiiiier in the 
ni:i j uri t y  of our rivers. 

The forestry reseiirch stat,iuiis shuulcl not delay in 
iiiforiuiiig us of the aiiiouiit of dew deposited iii various 
forms oii t,rces of \yiirit?d spc(:ies niitl tlinieiisions, tint1 
i i l ~ ~ i i  t,lit! iiiil~rt.aiic*c of o(:ciiI t coiiclens:i.tioiis tluring 
cliifel.im t periotls of tlin yew. T f i i ~  deterininatimis 
which, uf W U I ' H ~ ,  present csrtiliii difKi:ulties, iiiight keep 
us waitin- ;L long t h e ,  :is nlso tlic results of tho observa- 
t.ioiis n i J e  outsiclt!. the la1mrtitories, in t,lic? fielcl itself, 
iiiielor nirious c.:c-tiiditions of forest:ttioii, :in11 it  would be 
:I. vctry great h c k  uf foresight t (J  put off for SO long iL t,iine ii 
wl-ic.ius etTc.)rt tmmrcl roforestntion. 

IYIiilc? workilig eiiergetically t o w d  reforostutioii it is 
wc+ll, lic-~~vewr~ iiot to forget tho t81ieoretic?al rcsenrches, 
aiitl we preseiit t,lie followiiig resolution: 

That sbudies be unclertaken on tlie su )pleiiientary 

soil ?y reenforcing of occult concleii~atioiis." 
contiiigont of the wnters wliich reforestation t, rings to the 

-. . . . . _. . .. -. . - .. . . . . 
7 .Mitti.s/be drs co6u1aieu, Documents sci. dtl L3 nlirsiull 'Mho. 1'aris ,1911. t. 2,p. I I J  bls. 
b M i s s i o i i  'l'iiliu. 1.w. [*it.. p. 4.;. 


