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Tre study of drought frecuencies, wvhile not =
new subject, has not teen undertaken on any large
scale. A knowledre of how often drousrts of &
damaging duration mizht occur, however, would be of
great value to the growers éf meny of our cash crops,.
It is the purpose of this project, then, to determine
the frequency and intensity of drouzhts over the lower
peninsula of lichigan, To do this, the preciritation
data for the months of Yav through September at each
of 37 stations vzs tabulated and carefully analyzed
for both tre frecnency and durztion of drousht periods,
Close study cf these drou-ht periods show that
ro definite pattern exists over ttre lover peninsula
of the state. The data does clearly show, however,
thet the montks of July and August are more likely

to have t-e long severe droughts while the months of

May ard September will have more frequent droughts,
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IMTRODUCTICN

One of the major vroblems that has confronted
tve farmer almost since the beginning of civilization
hes been thzt of obtaining adecuzte moisture for
plant growth, Some of these farmers Yave depended
entirely on the natural supoly in the form of pre-
cipitation and have found it adecuate, Cthers, in
drier climates, hav:s endezvored to furnish the needed
moisture b artificizl means and have met with vary-
ing degrees of success., It has been shovn by many
people, hovever, thrat irrigation, as this artificial
application is call.d, can be profitable to the farwer
if it i~ handled intellizently. 1I7zny books have been
written on the subject a2nd men interested in the
science tave developed many different methois in
vrick to carry on the practice., Iach of these methods
is designed to meet a different set of conditions,
env of these szme men 2l1so :ointed out thzt in cer-
tein parts of the country, continuous irrigation was
needed; ‘mile in others, it wo-1ld only be needed to
supnrlement the natursl supply. In these areas, then,
where nature furnishea part of the recuired moisture,
another problem erose, it conccrned iiself with
veater srd its vnorediastatle reture, "hen vould the
fzrmer receive a ratural stpolr cnd vhen vwould he rave
to apply tre veater Vim-oelre Trig is the problem that is
taken up in this resenrch D=yper,
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RCVIUW COF LITIRATURL

As supplementzl irri-etion is of primary interest
throughout this recion, it is important that tke mean-
irg te clearly understood. Staebner(l) defines it as
"the artificial watering of crops in rezions where
reinfall is ordinarily deperded on for moisture,”
Israelsen(Z) looks upon it as the artificial applica-
tion of water by man with which he attempts to supple-
ment the naturzl supply. Rcth of these men look upon
the subject from the same point of view, Thet is, a
plant requires a certair amount of water durins the
growing period. If rature supplies only part of this
moisture, then man must furnish tre rest. This brircs
up the cuestion as to when or how often it is necessary
to supplement the naturzl supply. The enswer to this
depends vpon many factors. aAmonz these sre the tvpe of
crop 2nd its stage of méturity. Anotrer would be the
temperature ard bhmidity of tre stmosphere, There
would also be the factor of the physical properties of
the soil., It is common krnovledge that plants receive
most of their water supply from the soil, Soils men
have termed this supply, svailable moisture, in that
it can be used br the plants., ¥iller and Turk(32)
state trat the more important factors influercing
tre quantity of zvailable moisture in tre soil are
texture, structure, orcanic matter content, aeration,
and position of tre water table. 1In regards to tex-
ture, these same authors poirt out that fine soils,
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such as clay, will hold between 4 znd 5 times as much
available moisture as will the lighter soils, such as
sand, The effect of organic matter content on the
amount of available moisture is much the same as for
texture, In general, the more organic matter present
in a soll, the more water the soil will hold. It is
logical to assume, then, that a heavy soil or soil of
high organic matter content, will be able to hold
more water from a given rain than will a light soil
or a soll of low organic matter content. This being
the case, 1t can be expected that a sandy soil would
require more artificially applied weter than would a
heavy soil, the crop being the szme in both cases,

The aforementioned factors are only a few of the
manv that should be considered in the study of drought
effects or the control of droughts. Nevertheless, they
serve to point out that a drought of a2 given severity
might be damaging in one instance and not in another.
However, 1f it could be determined with a reasonable
degree of certainty when and how often droughts of
varying intensity were to occur in any given locality,
then we could better Judge the need and value of
supplemental irrigation. The best way to do this
would be to analyze past wezther records. A few
analyses of this type have been undertaken by other
men, but on a rather limited scale. Carreker and

Liddell(4) used 6 locations in Ceorgia and studied

3
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the rainfall records for thepast 25 years. 3imiler
work was undertaken by Staeﬁner(5) over the upper and
lover peninsula of Michigan, In the work of Carreker
znd Liddell, 0,25 inches of rain in ©4 hours was set
as the minimum recuirement for plant growth in a two
veek period, Staebner chose to use ,1 irch per day.
While this value has its good points, it has not been

widely accepted.,

PROCT'DURT OF WCRX

As was pointed out earlier, the amount of water
necessary to mairtein planp growth varies not only
vith the plant, but also with the soil and with other
climatic conditions, To use Staebner's value of ,1
inch per day would be satisfactory under some condi-
tions and not under others., It could very well bhe, for
example, that ,1 inech of rain fallins each day on =a
heavy s0il might evaporate before it ever reached the
root zone, Unfortunately, the use of any set value could
well prove erroneous under certain conlitions., Ieverthe-
less, 1t offers the only practicel solution in a problem
of this kind. Tre use of a number of vzlues, each
established for a different set of variebles, vould bhe
much more accurate, but would develop into an slmost
endless tesk, It remains thren, for tre research worker
to choose a value that he feels best suits the conditions
and needs of tre problem re has undertaken, In this

paper, then, 2 drougrt is defined as "s period conrsti-

tuting 7 days or more in which less than 0.25 inches of
4






precipitation has occurred in 24 hours." It has been
observed thet amcunts of l=2s wecritue ro-= v roach

the rcot zone, while greater emounts usually have a
beneficial effect on plant growth. It should be kent

in wind, however, that under certein Instances, acunts
of 0.20 or even 0.15 of an inch can ne oven:zficiel to

the plant., Such a cacse might restlt when one of these
rains cccurred & G&y or two eft r ¢ heavy rein. Analysis
of tne data ccllected, hcwever, rovecls that these caces
rarely occur.

Now that the cdefinition of & cdrought hzs been
establish~d, any future predictions snould be bsscd orn
an anclysis of past lcng term reccrds. The data from
37 stations in the lower neninsule of Michigen was tebu-
leted for this projsct. These stotions ~wre chose
bcth for their location and their length of reocord, It

s desired to have a complete as well as accurate cover-

W

m

age of the state., Vith cne .xception, they all heve from
36 to 51 years of reinfell data with 27 of the stations
having over 46 years of recorcs. Th: locetion of each
station 1s shown in Figure 1.

The dzily rainfell r:ccrds for each of tiese stations
weve taken from the published "Climetolcgical Tata™ of the
WVeather Bureau of the United Etates Department of Comunerce,
and tabulated in sejuence order of the duy, month, and
year of its occurrence. Only the mcnths of May thrcough
September were included as this «nalysis 1s intended to

cover only the growing se«son. The data were then
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studied for the occurrence of droughts of varying length
and frequency,

These droughts were then tabulated in grouns accord-
ing to the month in which they occurred znd their duration.
For example, all droughts lasting from 7 to 14 days in the
month of May were placed in one grcup, while those lasting
for the szme period in the month of June were placed in
another., The reason for tabulating according to month is
~that the degree of drought resistance in msny »lants
varies with their stage of maturity. May and June droughts
may be of ccncern to small fruit growers, while July and
August drougnts could be scrious to producers of later
maturing crops, such as tcmatoes.

The groups were set up in 7 day increments from
7 days up to 35 dsys. Droughts lasting 35 days or longer
were all placed in one group., It is felt that e complete
analycis of droughts lasting over 5 weeks is not of pri-
mary importance 1n this instance., Few crcps in Michigan
can withstand droughts of 35 days without damage unless
scme supplemental irrigation is applied.

In enalyzing the dsta in this way, there were many
tiumes when one period would evtsnd from one mcnth into
the next, When this occurrad, the pericd was charged to
the month which had the most days in the particular
period, For example, i1f a 21 cday drought occurred, with
11 deys in May end 10 in June, then .lay would ne credited
with the entire drought, If each month had the same

number of deys in & crought pericd, then 1t would






be charzed to the month irn vhrich it originated. 7There
v.ould, "rov-.ver, te one exception in this case, Assume
that 2 drou-ht st:urt=d on tre 78th of }ay and continued
on trrourh Jure #nd for 3C days into July. This would
mezn trat the period 1listed 6 d=ys in I'ar, U0 diéys in
June =nd 30 days in July, for a totzl of 66 days. The
arouzght in this cese, vould be cherced to the month of
Jure, June is the critic:l month in that the drought

will reve h:d a major effect hefore July began.

DI3CTUS3ICN ¢ RI3ULTS

In order to te-t show the results of this study,

a series of meps end chaorts vere made to illustrzte the
pertirnent findin~vs,

Picures 2 throu:h 26 ere drawn on the tasis of
number o7 droughts occurrins in the average 10 year
period. T™izure 2, pa~e 16, for examnle, shovs the
frecvency vith wrich 1 to £ week droushts occur in the
month of 1zr, A line 1lzbeled vith the number 9 passes
trrou.h 211 pointa zving on the average of 9 droughts
lasting from 1 to 2 weeks in a 10 year period, T"e line
3 indicstes that 8 droughts occur in 10 years,

One would nratureslly expect the more severe droushts
to occur less frequently than drouchts of less duration.
This is trought out clearly in thre meéps. The lines on
Figure 21, page 25, for instance, zre lateled with num-
ters of less than ore, This means that thece droughts

will occur less tran once every 10 years. A line marked
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0.5 indicetes 1 drought in 20 rezrs while 0.2 indicates one
in every 50 years.,

tigures 27 through €3 show the cumuletive frequency
of the droughts, “"he charts are drawn for easch stztion
and ezch of the 5 months under study. Figure 27, page 29,
for example, covers the 5 months fcr the station at Adrian,
Michlgan. This chart contains five separate groups of
bar graphs. iach grcup covers one of the 5 rmonths under
study. Lcoking at the graphs for May, it cen be seen
thet there were 74 droughts lasting 7 days or longer. In
other words, there were a total of 74 May droughts during
the 50 year record of the statlion. The graphs further
show thst there were 28 drcughts lasting 14 days or longer,
To determine the exact mumber of 1 to 2 week droughts, we
have only to subtrect 26 from 74, which shows that 46 of
these droughts occurred,

These charts, if studied closely, will give more
detailed information at the various stations than will
the maps. For exarple, let us essume that a farmer
wishes to grow strawberrlies near Traverse City. The soil
in this particular area is a light sandy loam and is not
capable of retaining mcisture for any pericd of time., The
strawberries which will be grown here can be expected to
mature arouﬁd the latter part of May and the early part of
qune. During this fruiting period, they rejuire an abund-
ance of water if they ére to produée a berry of a market-
able nature. The moisture requirement of the fruit then,
elong with the nature of the soil, indicates that short
droughts lasting 7 or 8 days can be dameging. By looking

8
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at Figure 60, page 45, for the month of iay, it can

be seen that 71 droughts lasting 7 cays or longer

have occurred in the past 47 years. This is an average

of 1.5 droughts in the month of May each year, In

June, 70 droughts occurred in 48 years. Yere again the
average is 1,5 each year, This would indicate thst
supplemental irrigation would be advisable to this farmer,
especlzlly if the success or failure ot the cron wculd

nave a pronounced effect on his econcuic stability.

ANALYEIE OF DATA

When we are confronted with & problem or phenomencn
over which we have no ccntrol, we study to see if it
follows any se¢t routine or pattern. Weather, unfortunately,
rarely follcws a pattern in any given locality. 1In
analyzing the data, however, some interesting pcints
have been found that should be brought out. These are

as followsg

1. Droughts of 1 to 2 weeks during May, Figure 2,
page 16, sppear to be fairly uniform throughout
the state. The average in this month is 10 droughts
in 10 years, A slight increase to 12 in 10 years
can be seen around Ludington and Muskegon, while
the southeastern and southwestern area shows a
decrease to 9 in 10 years,

The June average, Figure &, page 16, drops to
8 droughts in 10 years with the southeastern area
at 10 in 10 years being above the average., The
9






rest of the state remains fairly uniform.

In July, Figure 4, pzge 17, the cverage rises
agein to almost 9 in 10 years with the abcve
average zreas of 10 in 10 yeers centsring around
Port Huron and East Tewas. The western shoreline
and the zrea around Fest Lensing, Flint end De-
troit are slightly below averazge with 8 in 10
years.,

In August, Figure 5, page 17, the average a-
galn drops to 8 in 10 years with the southern
counties end the Port Huron erez having 9 in
10 years a@nd the East Tew:s «rea having 6 in
10 years.

In Ceptember, TFigure 6, page 18, the average
is 9 in 10 years with the extreme southwestern
area having 11 droughts in 10 years and the Fast
Lansing, Xlma, Bay City &area being low or below
average with 8 in 10 yesars.

2e Proughts of 2 to & weeks occur much less fre-
quently than those of 1 to 2 weeks., The average
for the month of May, Figure 7, page 18, is
slightly less than 4 in 10 years. The lower
peninsula 1s fairly uniform with a high of 5 in

10 years centered around Hzarbor Beach.
In June, Figure 8, page 19, the average drons

to a little better than 3 droughts in 10 years.

Here the high areas are wicely scattered. The
southeast &nd southwest, the area around Luding-

ton, and thc area around Mackinaw City, average

10
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over 4 while the area around Grayling averages
less than 2 droughts in 10 years.

In July, Figure 9, page 19, the average rises
slightly to between 3 &nd 4 droughts in 10 years.
The only area varylng appreciably from the aver-

age is betWeen Traverse City and Grayling. Here
the average drops to 2 in 10 years.

In August, Figure 10, page <0, the average
again drops to the June level of 3 droughts in
10 years.and is fairly uniform throughout the
state,

In September, Figure 11, page 20, the average
continues to be 3 droughts in 10 years with the
areas around Ludington, Manistee, Mackinaw City,
and Alma rising to 4 in 10 years. The remainder

of the state is jquite uniform.

-

3. Droughts of 3 to 4 weeks in May, Figure 12,
page 21, averaged slightly over 1 in 10 years
throughout the state. Areas around Petoskey and
between Bay City and East Tawas were higher than
the average with 2 in 10 years, while the extreme
southwest was low with 1 drought in 20 years.

In June, Figure 13, page 21, the average in-
creased to slightly under 2 droughts in 10 years
with the area around West Branch having 3 in 10
years and the area around Hillsdale, Jackson,

and Adrian having 1l in 10 years,

11






The July average, Figure 14, page 22, was
very similar to June with slightly under 2
droughts in 10 years., The only extreme vari-
ance was centered around Petcskey where no
droughts of this duration hzve been recorded.

The month of August, Figure 15, page 22, re-
vealed an average of slightly greater than 2
in 10 years. Above average areas of 3 droughts
in 10 years are centered around Cadillac and
Saginaw while the East Lansing srea is low with
1 drought in 10 years.

In September, Figure 16, page 23, the average
dropved to less than 1 drought in 10 years. The
high area this month is around Ann Arbor with
2 droughts in 10 years and the low around Cadillac
with no droughts occurring.

4, ‘In the 4 to 5 week droughts, the average for
May, Figure 17, page 23, is 1 drought every 33
years. The sbove aversge area extends across
the northern part of the state between Petoskey
and Alpena, The average here is 1 in 15 years.
Directly north of this area, around Mackinaw
City and a strip running southeast froﬁ Manistee
to Flint, no droughts of 28 to 35 days duration
occurred,

In June, Figure 18, psge 24, the average fcor
the state increased to 1 in 14 years. The arecs

between Cadillzc and Mackinaw end around faginaw

12






Flint znd Bay City should expect abcut 1 each
10 years, while Cetroit had none in 31 years.

In July, Figure 13, page 24, the state aver-
age wes 1 in 15 years with highs of 1 in 10
years arcund Grand Hauven, Manistec, Alpena, &and
Hillsdale, Areas around Saginaw and Ann Arbor
have never experienced these droughts,

In August, Figure 20, page 25, the droughts
have occurred on tihe average of 1 each 12%
years over the state. The central area of Michi-
gan between Alma and Grayling has had these
periods about once in 8 years, while in the Hills-
dale area, it has been closer to once in 25 years.

The September average, Figure 21, page 25,
drops down again to 1 in 33 years. Isclated high
areas of 1 in 20 years are found around TFast lans-
ing, Port Huron and West Branch. An extreme high
of 1 in 12% years is found scutheast of Traverse
City. The areas around Alma, Allegan and Battle
Creek, however, have experienced none of these

droughts.

S. The state average for aroughts lasting 5 weeks
or longer during May is 1 in 50 years. The aver-
age was uniform throughout the central area from
Manistee and Ludington across the state to Bay
City and Saginaw. The south central area up to

Fast Lansing was entirely free of these drcughts

13






as was the area between Oneway end Alpena. The
reglon between Petoskey and East Tawzs, on the
other hand, has experienced thece severe perilods
about once every 20 to 25 years as shown in Figure
£2, page 206,

The averzge for June, Figure &é, page 26, rises
slightly to once in £5 years. The drcught free
areas during this mcnth ere located around Cold-
water and Onaway, while frejuencies of once in 1%
years are fcund around Port Huron and Grand Haven.

In July, Figure 24, page 27, the average rises
agaln to 1 in 17 years, Higher frejuencies of once
in 10 years have occurred alcng a strip running
south from Petoskey down to Grand Haven. The area
around Onaway has had none of these droughts.

In August, Figure 25, page 27, the droughts
occur mcst frequently averzging once every 123
years., Higher frequencies of 1 in 10 yesrs are
found along the west side between Ludington and
St. Joseph. Lower frequencies of 1 in 20 years
are located in a narrow strip running diagonally
across the state from Traverse City down to Detroit.

In September, Figure 26, psge 28, the frejuency
drops again to 1 drought in 33 years. Turing this
month, the eastern half of the state averages
slightly higher or about cnce every 20 to £5 yeers.

The west side of the stete is lower end averages

14






about 1 drought every 50 years. No droughts

have occurred around Mcnistee and “ect Brench.

CCNCLUSICN

In locking over the data it would apwear that no
definite pattern exists over the entire state. That is,
it cannot be said that droughts sre more prevalent in the
southern half than in the northern half, Nor can it be
sald that the severe droughts will affect the eastern
half more than the western. The maps do clearly show us,
hcwever, that short droughts occur more frejuently in iay
and feptember then in the other three months. They &lso
show that August 1s the most dangerous month for droughts
lasting three weeks or longer.

15
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