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of the structure. I f  we could imagine the cyclone to be sur- 
rounded by a cylinder, and the .icmll of the cyliticbr tu act ax a~ 
axis, then the computation would proceed as in the case of a 
central asis, so far as the spacing of these lines is concerned. 

Frct. 19.-The coniputed vortex lines nA of the asymmetric land cyclone. 

THE COXCAVE DUMB- BELL-SHAPED VORTEX. 
The preceding discussion of the vortes lines, which involved 

the computation of the product of two constants a -1, a being 
about 0.10 and d being a constant on each vortex line but 
having different values on the different lines, has resulted in 
a vortex system which suggests a convex dumb-bell-shaped 
vortex, where the lines are concave toward the asis instead of 
convex, as in the tornado and the hurricane. These two vor- 
tices satisfy the equations of motion as follows: 

Current function, += -4 in8 sin a3. = A m P  cos n:. 
Radial velocity, ti = - Barn cosaz. I I  = + .-lam sin a:. 
Tangential velocity, u = + Barn sin us. u = + A n n  cos nr. 
Vertical velocity, = + 2-4 sin az. io = + 2 6  cos a:. 

It is easy to trace out the relative differences by simply 
interpreting the trigonometrical signs. In the concave vortex 
the radial velocity is zero for az = Oo, increases outward to 
az = 90°, and returns to zero for a: = Oo. The tangential 
velocity begins at  a maximum for az = O0, decreases to zero for 
az = goo, and increases again to the maximum. The vertical 
velocity begins at  a maximum for az = O0, decreases to zero 
for a? = 90°, and then increases to a maximum; u and 7 0  reverse 
direction at  az = 90'. Whether this is a possible vortex in the 
atmosphere is a question which does not need to be considered 
in this connection for the following reasons. II7hen one at- 
tempts to match the observed angles i of Talde 84 I11 with 
the lines of fig. 19, as was clone by some computations, it is 
readily seen that they do not in anywise agree in meeting the 
required conditions of the suggested concave vortex, and we 
must conclude that the suggested analogy is in fact fictitious 
and not very useful. 

What we actually have in the cyclone is a convex dumb-bell- 
shaped vortex disturbed from normal conditions, and distorted 
almost beyond recognition by two fundamental circumstances. 
The j h t  i s  thnt the teniperclture distrihition is entireI!y chotigrd. 
In the hurricane the tetnperatures are stratifed horizotitnlly, but i l l  

the cyclone they are separated uertically, the ruamn and cold masses 

Convex vortex. Cotw.a\e vorteu. 

lying side by side, and the utrmm seekitig to interpen&w.te horizon- 
tally i t $  [he diferetit l r ids  by  the adimi vf grcluitatioti. The second 
i s  /he &t that the inipwftvt cliittib-bell-sl~a~~ecl vortex which results 
frmi the preeetling proctw attenipts to l y t  its hmd into the rap'dly 
.tlowiti[/ eastiiwrd drvt  iiqhich k e e p  strippitig qfl the top layers and 
thiiu prerents the f i imat io t ,  ?f the aortex i l i  its ?iaturalproportions. 
This process has been fully described in the MONTHLY WIE~THER 
REVIEW, February, 1!)03, 31, fig. 28, where the scheme of the 
isobars and wind vectors is developed. I therefore interpret fig. 
19, above, to mean that it represents a convex clumb-bell-shaped 
vortes struggling to establish equilibrium between masses of 
different temperatures on the same levels, while the top lay- 
ers are continuously stript away in the eastward drift. The 
inward radial velocity which properly belongs to the lower 
sections of a perfect dumb-bell-shaped vortex continues to 
prevail as long as there is any tangential velocity surviving, 
because the loiwr half qf the cJii,tib-brll-sha~e(2 uortez is  in fact 
ntwr cnttipletetl ita thix cyclotiic circulation. It is really a name- 
less survival of this typical rortex, and is a succession of hydro- 
dynamic circulations more clue to mutual reactions of warm 
and cold streams on the same horizontal plane, than to any total 
vortex structure involving mutual dependencies thru great 
depths. It is a question whether these cyclonic airculations 
can ever be analyzed as a vortex structure of any given type, 
aB has always been assumed to be the case in the general dis- 
cussions which prevail in meteorological literature. Certainly 
there is )io prospwt (if st>ttlitig tliis p ~ O b k t ? i 1 i  until such accurate dis- 
c.iissirms qf the obsrrtwtiotis qf tetqjerahire, pressure, a d  wind 
wctors hecotiir acailahle in all the Irids as are giireji f o r  the surface 
i l i  j y .  IS qf tliiu paper. 

As a matter of fact it is exceedingly difficult to secure the 
correct values of the radial velocity 11 in the upper levels, as 
is abundantly testified by the work in the Cloud Report of 
1H96-97. In  that place the motions of all sorts of cyclones, 
large and sniall, whether fully or incompletely developed, 
were united in one composite. Evidently for the study of this 
vortes problem in the upper levels only the strong cyclones 
should be used so that the data on the upper levels may be 
coiuparal>le with the data of fig. 18. In case the velocities of 
the Cloud Report, Table 136, adopted to extend the discussion 
above the surface, are not representatively correct the conclu- 
sions of this paper must be modified, but it is certain that no 
superficial treatment of the data of cyclones and anticyclones 
in the upper levels sufices to form the basis of our theoretical 
discussion. The cyclonic components zt2, t12, must be fully sepa- 
rated from the eastward drift i t , ,  ti1, in all the levels, and a 
continuous campaign of observations with nephoscopes and 
theodolites, extending over several years, seems to be demanded 
by this branch of meteorological science. 

DRY FARMING. 

The expression r c  dry farming * '  has come into prominence 
during the last three years, and the Third Trans-Missouri 
Dry-farming Congress," held at  Cheyenne, Wyo., February 
33-35, 1909, was the occasion of an enthusiastic presentation 
of the methods and the success attaching to this new departure. 
The term r' dry farming " itself may be considered as an abbre- 
viation of the expression r r  dryland farming." The general 
idea of the method consists in giving up the attempt to raise 
a crop every year continuously on a given piece of land, and 
attempting instead of that to so conserve and utilize the mois- 
ture that the land receives from rain and snow as to secure a 
crop once every two or three years. 

Few persons realize that the great success of the pioneers in 
a semiarid country depended upon their having the accumu- 
lated moisture stored up in the soil for many years upon which 
the first crops could feed. After a few years this accumula- 
tion is reduced below the ability of the annual precipitation 
to meet the demand made upon it, and either artificial irriga- 
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tion must be resorted to or else the farmer suffers great loss in 
dry years and secures a good crop only in a wet year. Dry farrn- 
ing attains the same average results as ordinary farming without 
irrigation, but with the great advantage that the farmer's crops 
are fairlyuniform thruout the successive years and he avoids the 
harrowing habit of worrying over frequent droughts and the 
necessity of borrowing money to tide him over the loss of crops. 

The methods adopted in dry farming vary in every commu- 
nity with the climate, the soil, and the plant to be cultivated, 
and it is beyond our province to enter into the details of this 
side of the subject. On the other hand the climatic features 
that render dry farming possible and wise depend essentially 
upon the annual quantity rather than the seasonal distribution 
of precipitation and evaporation. This feature belongs to 
climatology proper.-C. A. 
SOME U L I M A ~ C  FEATURES OF WYOMING, AND THEIR 

RELATION TO DRY FARMING.' 
By W. 5. PALXER, Sectlon Director. Dated Cheyenne, Wyo., Pebrwuy 24,190II. 

That portion of our country which is commonly spoken of as 
the semiarid region, and where so-called dry farming is prac- 
tised, embraces a large territory which is included between the 
95th and 125th degrees of longitude west of Greenwich. 
Within that belt of 30 degrees of longitude can be found a 
vast variety of climates; its topography is such that along its 
northern border winter temperatures of from 50° to GOo below 
zero may be experienced a t  times, while during the summer 
temperatures as high as 120' above zero may be recorded in 
the deserts of Arizona and southern California There is, also, 
a great variation in the average annual precipitation of the 
various sections of this region, for in some of the mountain 
districts or along the Pacific coast the annual amounts may 
exceed 50 inches, while s,ome of the desert regions have an- 
nual averages of less than 5 inches. On account of the broad 
area embraced within this region and the various climates 
that may be found therein, I wish to discuss in detail the 
climate of but a small portion of the semiarid region, so I 
shall confine my address to a discussion of some of the cli- 
matic features of Wyoming, a subject which has received my 
special study during the last ten years or more. While my 
remarks will be confined mostly to a discussion of the climate 
of Wyoming, they will, in general, apply to a large portion of 
the country which is now being cultivated by the so-called 
dry-farming method, Wyoming being located near the center 
of the dry-farming belt of the West. 

During the last seventeen years a systematic collection of 
weather data has been made in Wyoming. I n  addition to the 
weather records which have been kept at the regular Weather 
Bureau stations where commissioned inen are stationed, a large 
number of valuable records have been kept by persons who 
have been supplied with standard instruments by the Govern- 
ment and who have cooperated with the Weather Bureau in 
this work. The value of these records which have been vol- 
untarily kept by the cooperative observers can not be overes- 
timated, as they furnish data from the sections of the State 
where there are no regular Weather Bureau stations. 

The most essential element in the success of dry farming is 
moisture, and I wish to present to you some Wyoming records 
regarding precipitation. From the monthly reports which 
have been compiled in the Cheyenne office from records kept 
at stations distributed over nearly all sections of the State, it 
has been determined that the average precipitation for the State 
as a whole during the last seventeen years has been 13.68 
inches, or a trifle more than 13.50 inches. This average does 
not take into consideration the heavy precipitation which 
may fall in the high mountain districts where very few relia- 

1Paper presented to Third Trans-Missouri Dry-farming Cougrebs ii 
Cheyenne, Wyo., February 24, 1909. 

PRECIPITATION FOB WYOMWQ. 

ble records have ever been kept, but it is a fair average for that 
portion of the Htate below 8,000 feet, or for all of those dis- 
tricts where cultivation is possible. The precipitation herein 
spoken of includes rainfall and snowfall, the latter being re- 
duced to its water equivalent. 

Geographical diatribut.iota of the precipitation. 
While the average amount for the State is 13.68 inches, 

there is a wide variation in the normal amounts received over 
the various sections of the State. There are portions of Big 
Horn and Sweetwater counties where the average annual pre- 
cipitation is probably less than 5 inches, while over the extreme 
northeastern and the estreme northwestern portions of the 
State there may be a few sections where the annual average is 
nearly 20 inches. On a map which I have prepared to ac- 
company this paper, see fig. 1, I have endeavored to show the 
geographical distribution of the annual rainfall thruout Wy- 
oming; the peculiar and complicated topography of the State 
causing a wide variation over the various sections. The un- 
shaded portions of the map shorn areas of the State where the 
average annual precipitation is less than 10 inches, and you 
will notice that those areas embrace only portions of Big Horn 
County and the Red Desert region, the aggregate of which is 
only a small percentage of the total area of the State. I be- 
lieve that most of the dry-farming experts of to-day do not 
advise that dry farming be attempted in regions where the 
annual precipitation is less than 10 inches, so the unshaded 
portions of the map show regions where dry-farming attempts 
should not be made at the present day. The darkest shadings 
represent areas where the average annual precipitation is in 
excess of 15 inches, and here again you will notice that these 
areas represent only a small percentage of the total area of 
the State. It is probable that about 75 per cent of the total 
area of the State is embraced within the region which receives 
from 10 to 15 inches annually, such areas being represented 
on the map by a light shading. Thus you can see that a large 
proportion of this State receives an average annual rainfall 
sufficient, so we are told by the dry-farming experts, for the 
successful growth of certain crops where proper methods of 
cultivation are followed. 

Seasonal distribution of rainfall. 
From the large number of monthly records which have been 

compiled at the Cheyenne ofice, covering a period of seven- 
teen years, I have computed the average monthly precipitation 
for each month of the year, and have shown the amounts 
graphically on the accompanying chart, fig. 2. It will be no- 
ticed that the monthly amount of precipitation increases from 
January to May, which has the highest average of any month of 
the year; a gradual decrease in the monthly amount is noted 
from May to November which shows the lowest average for 
the year. From fig. 2 it can readily be seen that in this sec- 
tion of the semiarid region the rain falls during that time of 
the year when it is most needed for the crops, that is, about 
70 per cent of the total annual amount falls during the a i s  
months, March to August, inclusive. There is some variation 
in the average amounts for the different seasons in the differ- 
ent sections of the State. I give below for a number of selected 
stations, the percentage of the total annual averages which 
falls during the a i s  months, March to August: 

Stutiou. 
Perceut.sge which falls 

CQllntY. March to August. 
Cheyenne ............. .Laramie. . . . . . . . . . . . . . . . . .  75 
Buffalo.. ............. .Johnson.. . . . . . . . . . . . . . . .  75 
Fort Larctrnie.. ....... .Laramie.. . . . . . . . . . . . . . . . .  73 
Leremie ............... Albany . . . . . . . . . . . . . . . . . . .  78 
Sheridan.. ............ .Sheridan ................. 68 
Lander.. . . . . . . . . . . . .  .Fremont.. . . . . . . . . . . . . . . . .  66 
Bedford .............. .Uinta. .................... 55 
Evanston.. ........... .Uinta.. ................... 54 
Border.. ............. .Uinta.. ................... 54 
Yellowetone Park. .... .National Park.. .......... 50 


