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Reconstruction of the Climatic Fluctuations over
the Ohio Area

= B = @ 89 R B8

Pao-Shin Chu
* K 1%

—_—T9 -

AINSSL L PP D LSNP LN LSNP LSNPS PN PPN IN SIS IS IS SE SN ISAI PPN PINP LY ISP NP PPN AN SN A AL INAL AP A

REZMHRE » AhSBEENERERLBEHR (Ohio Valley) KRILRMHHE

# s ZEBME » 1961~1970 4R E B 1931~1960 FERHEMRETHE—K o

AXZ HAERNERBRZ BMNNRRBEFTL » I 1820 £ (ARFELE » RMEAL

1 E
E EAES » LLRIBEA T TREES - 5 1961 £F 1970 &> JLXWETY
%
§
N
! ERERTMERBALCS) E 1970 Fresm 1981 £F 1960 EE’J?‘-%ZISiS*HL‘t@Z
N

o AN ERRZFE AR B K Z AL EE o

FEAX T » ICFFU S LA SeRt EAVBUS H ¢ IREE ~ ME/KARBA (R » 1820 £
1970 £=+4BEIZFE » IR A student t-test FHEFRIFEFETRBAEHABHEE

BB o

» MZARTEFPBREE ~ SRKRCHER o

REHBOHIEHEMERR
ABSTARCT

Seasonal and annual mean temperature and precipitation values from
the 1820’s to 1970 are compared with the 1931-1960 normals in Ohio.
Correlation coefficients are obtained for temperature and precipitation
departures across all of Ohio. Thirty-year moving averages from the

beginning of record through 1970 are determind.
existed in the 19th century and again after 1955.

are found to be compatible with the periods of 1891-1920.
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All these results show that a remarkably cooler and wetter climate
The seasonal temperature variation between the periods 1951-1970

Low annual precipitation amounts accompanied by cold annual tem-
peratures were noted in recent years, in contrast to the earlier records.
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1. Introduction

A number of papers have been written

about the climatic changes which have been
“noted during the last 100 to 150 years. = -

Mitchell (1963) has shown (Fig. 1) from
computations of surface temperature chan-
ges from latitudes 0 to 60 degrees over the
northern hemisphere that the annual average
temperature rose by about 0.8°F froml880

" for cooling afterward.

to 1940,s and has fallen by 0.2 to 0.3°F since
then. The winter curve is somewhat diffe-
rent showing a warming trend of nearly
1 degree from 1880 to 1940, with a tendency
Reitan (1974) has
confirmed Mitchell’s result and indicates
the mean temperature over the northern
hemisphere increased about 1.1°F from 1890
to 1945, and decreased by 0.5°F from 1945 to
the late 1960’s.
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Fig. 1. Trends of mean temperature in 0°-60°N, shown for successive

pentads relative to the 1880-1884 pentad (after Mitchell),

Analyzing the long-term climatic trends,
Lamb (1966) points out that the large-scale
atmosphere circulation during the 1960’s may
be more relevant to the climatic behavior
before 1895, and “the decline of the tempe-
rate-zone westerlies and increased frequency
of blocking in high latitudes since 1960 have
been associates of temprature and rainfall
regime that are having effects in many
parts of the world.”

Wahl (1968) compared average seasonal
temprature and precipitation amounts (in
percent) for the 1830’s and 1840’s with the

1931-1960 climatic normals over the eastern
United States. He fonnd that the largest
temperature changes occurred in early fall
with maximum departures (Fig. 2) in.the
region of Indiana, Ohio and Michigan where
temperatures were 3 tod4°F cooler than that
during the 1931-1960 period. The core
area of higher rainfall amounts coincide
with approximately the area of maximum
temperature in early fall (Fig. 3). According
to Wahl, average cyclone tracks of the 1830’s
and 1840’s extended farther south than those
of 1931-1960, thus falls were cooler, and
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more intense shower activity was found in
the midwestern U.S.

N
- TEMPERATURE
\ Eoriy Fall

Fig.'2. Temperature deviations (°F) of the
data in the 1830s from climatic
normals 1931-1960. Early fall (after
Wahl).

Al Y Y —

~.. \loﬂ % ’ .10 7
N PRECIPITATION
e Early Folt

Fig. 3. Precipitation departures of the data
in the 1830's and 1840’s from climatic
normals 193(-1960 (in percent of
normal amount)

Temperature variations from 1957 to 1966
in the United States had been studied be

Quade (1968). He found significantly cooler

temperatures related to a noticeable incre~
ase in the frequency of low zonal index
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values during this period over the eastern
midwest.

Recently Kalnicky (1974) has compared
the temprature change from 1961-1970 with
the 1931-1960 normals in the Untted States.
His results indicate that the area of maxi~
mum cooling occurred in the Ohio Valley
and southeastern U. S. with the 1961-1970
annual temperature departures being at
least 1.0 degree Centigrade below the 1931-
1960 normals.

With the goal of examining the impact
of the climatic changes upon a specific area,
namely Ohio, seasonal and precipitation data
are used at some selected recording sites in
this area. With this material, seasonal
departures from 1931-1960 normals for every
selected station can be reconstructed and
then used to investigate the climatic fluc-
tuation since the first complete :bservations
began in the 1820’s (Cincinnati, Portsmouth,
Marietta). For every five-year interval,
temperture and precipitation departures
from the 1931-1960 normals have been esta-
blished separately and then compared to
each other. The geographical distribution
of the largest temperature and precipitation
deviations and their statistical significance
will also be discssed.

2. Procedure and organization of
temperature and precipitation
data

The first permanent settlement, accord-
ing to the climatological history of Obhio,
published in 1924, was eatablished at Marietta
(in southeastern Ohio) in the spring of 1788.
During the fall of the same year three
settlements were started in the southwe-
stern- corner of Ohio, in the vicinity of
the modern city of Cincinnati. A record of
temperature from 1814 to 1814 was taken at
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College Hill, which is now a suburb of the
city of Cincinnati; this is believed to be the
first segment of ‘¢limatic .récord in Ohio.
However, the first long and continued series
of temperature and precipitation observa-
tions at one single site were carried out
from 1818 to the present at Marietta.®
Unfortunately, there are some missing
periods in 1824, 1825, 1871-1882 (temperature
only), 1943, 1948, and 1950.

For the past hundred years, especially
since the establishment of the Weather
Bureau in 1870, there are ample meteorolo-
gical measurements covering the whole state
which can be used. Prior to that, especially
jin the 1820’s and 1830’s the odservational
data are scarce and they are of doubtful
accuracy, homogeneity and reliability. For
example, temperature records used in this
study numbered 3 to 7 in the whole area of
Ohjo from 1821-1825 to 1836-1840; the pre-
cipitation records were even fewer, only 1
to 4 records are available in this period.

It is often assumed that during the
early years of the last century the instru-
ment calibrations are doubtful, exposure
are generally u/nknown, and the thermo-
meters are of probable inferior quality-
Wahl (1968) compared the temperature and
prevailing wind data during the 1830’s in
the eastern U.S. with a regression technique.
His results indicate that the temperature
observations appear to be reasonably reli-
able and not distorted by systematic errors.

Landsberg (1962) compared the urban
with rural environment to compute the
average chanes in temprature caused by
urbanization and showed the annual mean
temperature rose by 0.6 to 1.0 degree Cen-

tigrade and the winter. average rose by 1,

to 2 degrees. The precipitation change
amounts to. 5-10% increase in urban rather,
than the rural environments.

In this study, rural station were coope-
rative stations. Thus,  the various pro~
blems associated with drastic site shifts or
urban effects are of minor importance.

'All data were expressed as departures
from the 1931-1960 climatic normals, publi-
shed in the “Decennial Census of United
States Climate” by the United Sates Wea-
ther Bureau in 1962. For most stations
these normals are the actual averages of
the published data for these thirty Years;
however, there exist some discrepancies
for several first order stations such as
Toledo Ap, Cleveland AP, Youngstown AP,
Akron AP, Columbus AP, Dayton AP and
Urbana where the normals are not equal to
the averége over thirty years of the publi-
shed values. The normals in the “Decennial
Census of United State Climate” for these
stations are the currently best “adjusted
normals” for the latest location of the sta-
tion usually the airport. For the evaluation
of the records prior to the move to this
latest location, “substitute” normals were
obtained as averages of the records as
printed in the published data. These newly
derived values were then used in this study
for such stations.

Some stations do not have normals for
the thirty-year period 1931-1960. This is
frequently due to missing observations in
these years. In order to establish a’reason-
able estimate of the normal for such
stations, a method of adjustment is sugge-
sted by usinng the “factor of discrepancy.”
This discrepancy is obtained by averaging
the differences between the temperature
or precipitation data of the surrounding
stations and the station of interest for the
years in which the records are complete.
Then this discrepancy is added to the
surrounding stations’ normal to obtain the
estimate of the station with the missing
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-observations. . .
-.. The, estimate of the normal for tem-
Jperture is calculatgd ,irom

Ty

~ “T¢(Normal) =—

N CSN

where m is the number of neighboring sites,
n {s the number of years for wich records

‘are avallable at the station of interest and

at one of the neighboring sites, AT is the
difference of seasonal temperature depar-
tures at the station of interest and at the
neighboring sites, T (Normal) is the nor-
mal for the neighboring station. Similarly,
the estimate of the normal for precipitation
also can be obtained by this method.

Lack of station records during certain
time periods also have been remedied by
using neighboring station data. In this way,
a long and reasonably homogeneous time
series of observations can be obtained for
this study. For example, temperature and
precipitation records at Urbana between
1881-1895 (missing period) are reconstructed
from North Lewisburg data (10 km away).
Through the use of simultaneous observa-
tions during the periods 1853-180 and 1896-
1908 (where records of N. Lewisburg stop-
ped), the Urbana period was computed.
According to the Climatological History of
Ohio, there is confusion as to the early
part of the records (probably before 1852)

at N. Lewisburg and Urbana; the data for

N. Lewisburg apparently have been used, to

.supplement the record at Urbana.

Station with several data sources 'in

close proximity to each other also have

been reorganized in this study. For example;
Cincinnati has five different major sources
of data to contribute to the long-time series
of climatic- information as shown in Table
1. The latest -airport records were not used
since Abbe Observatory is'available through
1970. Abbe Observatory -and Federal Build-

" ing overlap 15 years and there is no diffe~

rence between the average of the two
temperature records. Combing the two, the
temperature record of Abbe Observatory
may be extended back to 1871. A difference
in the precipitation record was found be-
tween these two sites, therefore the Federal
Building was corrected to Abbe Observatory
from 1871 to 1915. For years when both
Woodward High School and College Hill
recorded temperature and precipitation, the
climatic series was constructed from the
average of both values and corected to Abbe
Observatory. During the years when Wood-~
ward High School, Federal Building and
College Hill have precipitation reecords
(1872-1890), the final record also was taken
as an average of these three values after
being corrected to Abbe Observatory. Where
only the Federral Building (1903-1915 for

Cincinnati

Period of records
used in this study

Period of service

Table 1.

Location - Elevation
Abbe Observatory 761 feet
Airport 484 feet
Federal Building 553 feet
Wordward High 628 feet

School

College Hill 800 feet

1916-1970
1949-1970

1871-1915 (temp)
1872-1915 (precip)

1835-1870 (temp)
1836-1902 (precip)

1814-1848 (temp)
1861-1870 (temp)
1864-1890 (precip)

1916-now
1949-now
1871-1930

1835-1873 (temp)
1835-1902 (precip)

1814-1848 (temp)
1861-1890 (temp)
1861-1890 (precip)
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‘precipitation only) or Woodward High
School (1849-1960 for temperature only)
record was available, it was corrected to
Abbe Observatory. The final record of
temperature was then computed as devia-
tions from the 1931-1960 normal, the preci-
pitation record was obtained as percentages
of the 1931-1960 normals for Abbe Observa-
tory. In this way, a long sequential record
for Cincinnati was constructed.

Since the temperature and precipitation
data for some stations are inhomogenous,
incomplete and lack normals, individual
climatic record may be biased and could
indicate random fluctuations which do not fit
withthe over all change pattern. For example,
spring rainfall departures from normal at
Kenton during 1871-1876 were about 62%
above normal amounts while neighboring
stations a few miles apart were about 11-
27% below their normal amounts. Thus,
initial results were plotted on maps to

ascertain a real continuity. If a distinct

OHIO
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Fig. 4 Network and divisions for analy-
sis in this paper,

Stations are identifiedby number according

to the Appendix Table 11,

bias at any station was found, such biased
site would_ be eliminated if the area under
comderatnon had- sufficient other recording
sites.

Winter is defind as December-February,
spring as March-May, summer as June-
August and fall as September-November.
The seasonal and annual average temperature
departures from the 1931-1960 normals were
calculated for each five-year interval from
1821-1825 to 1966-1970; the average precipita-
tion departures (in percent) were similarly
calculated from 1831-1835 to 1966-1970 throu-
ghout the Ohio. These divisions were
defined by the United States Weather Bu-
reau for the climatological study in
Ohio. The network and divisions are shown
in Fig. 4.

3. Climatic fluctuations over

the Ohio area

{1} Kalnicky (1974) recently pointed out
that the northern hemispheric circulation
flow changed from more zonal to more
meridional after about 1950. Temperature
changes from warming to cooling are
also associated with the adjustment of
upper air circulation, In order to study the
climatic trends, the data are divided into
20 or 30 year periods. This length was
chosen since climatic normals usually in-
clude thirty years data and this removes
the year to year variability. Thus, it results
in more stable mean. In this study, five
periods with an interval of 20 30 year long
periods were chosen (1951-970, 1921-1950,
1891-1920, 1861-1890, 1831-1860). The tem-
perature departure pattern for the period
1951-1970 is the most interesting to note
because of the magnitude of the changes
and the completeness of the data. The
winter pattern in Fig. 5 shows a band of
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temperatures 2°F below normal across. the
central portion with a core area in the
:south-central Ohio. The 1951-1970 annual
;pﬁttern is also pronounced, negative depar-
‘tures being spread over all the area (Fig. 6).
“The change of mean temperature from the

OHIO

Fig 5. Twenty-year tmperature change,
winter. (°F) (1931-1960 mean minus

1951-1970 mean)

OHIO

Fig. 6.2, Twenty-year temperature change,

annual. (°F) (1931-1960 mean
minus 1951-1970 mean)

1921-1950 period is relatively small due to the
20 year overlap with the 1981-1960 normals.
The annual change of mean temperature
from 1891-1920 is also considerable, being

OHIO

Fig. 7. Thirty-year temperature change,
annual. (°F) (i931-1960 mean
minus 1891-1920 mean)

OHIO

Fig. 8. Thirty-year temperature change,

annual. (°F) (1931-1960 mean
minus 1861-1890 mean)
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ariearly 2°F bélow normal along the northern
lakeshore (Fig. 7). The 1861-1890" annuil
‘pattern closely = resemble’ the '1991-"19%0
‘pattern, with the eastern half of the area
being 1°F below normal (Fig- 8). But one
should keep in mind that there are only
six station records available during this
time. Few data exist from 1831-1860, but
there is an indication of a negative tem-
perature change with the southern part of
the region being 1-2°F below the normals.
Thirty-year average departures of seasonal
and mean annual temperature of Ohio are
listed in Table 2. Callendar (1961) has
pointed out that there was an increase of
the 380-year annual mean temperature of
0.7°F between 25°-60°N from the 1891-1920
period to 1921-1950. In Ohio, a 0.9°F incre-
ase is found. Annual temperature has
decreased 1°F from 1921-1950 to 1951-1970.
Comparing the seasonal temperature varia-
tion during 1891-1920 and 1951-1970, one finds
similar values for these two periods. The
annual temperature change between 1831~
1860 and 1931-1960 is the most striking.
Fall has a negative departure of 2.5°F and
snmmer was 1.7°F below the normals. The
-average annual temperature of the earlier
period is 1.3°F below the recent normals.

Table 2. Thirty-year mean temperature
departures from the 1931-19€0
Normals. Ohio.

Winter|Spring | Summer| Fall [Annual
19511970 | —19 | —03 —10 | —06!| —10
1621-1950 | 00 0.1 —03 0.1 0.0
189121920 | —2.1 | —o. —09 | —04 | —09
1861-18%0 | —08 | —0.5 —08 | —15| —09
1831-1860 | —1.1 0.1 —17 | —25| —13

(20 In order to establish whether the
changes observed between these periods
Have statistical significance, the inter-period
changes, for winter temperature at one sta-

'lated from

B £

tion; namely, ‘Cincinnati are tested by use of
the Student t—test The t-valué is calc_q—-

W

M —M:
’ a‘/ _f+n,
¥ mng
where M; and M, are the mean values of
each period, n;, n; are the numbers of
observations in the samples, ¢ is an estimate-
of the standard deviation of the population
from which the samples are believed to-

have been drawn. The standard deviation.
(¢) is detemined from

g_}/ X]""Xg .

n;+ne—2

where x;, x: are the deviations from the-
sample mean.

It is assumed that tempera-
ture deviations are normally distributed about:
their mean. The winter change at Cincinnati.
between 1951-1970 and 1921-1950 was not.
significant (less than 90% level of significa—
nce) using 48 degrees of freedom. Between
1921-1950 and 1891-1920, the t-value is signi-
ficant at the 95% level with 58 degrees of
freedom; whereas the t-value of the change-
between 1861-1890 and 1891-1920 is significant.
at the 99% level. The fact that the change
in average temperature at Cincinnati be-
tween 1921-1950 and 1951-1970 is not signifi—
cant statistically is due to the application.
of the t-test to a single station record and
does not invalidate the results of Mitchell
(1961) which indicates a large-scale cooling
of the northern hemisphere. It obviously
is due to the rather large variablity of the-
single station record- Indeed, one would.
not expect all sites to exhibit similar changes.
in or direction in a large sample, magnitude:
since some regions are climatically more:
sensitive and responsive than others.

(8) In order to establish a homogeneity
of station records and to examine the:
climatic variability over the whole area of
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~Ohio, correlation coefficients were used.
Using the normal period 1931-1960 for which
.ample data existed, correlation coefficients
for temperature were calculated between
«Cincinnati and Xenia, Delaware, Ashland

~and Cleveland (Fig. 9) during 1921-1970.

Table 3 gives the coefficients between the
-variables. All the coefficients are positive
-and the most pronounced correlation exists
in winter (all the values are higher than
“93%). As expected, the summer tempera-
ture correlation is lower. Spring and fall
~correlations are less pronounced but all
values exceed 83%. These correlations
Wdndicate that even a single station will give
:some information about the temperature

cm(mNAH
&

Fig. 9. Location of Stations used for Corre-
lation Coefficients Study.

“Table 3, Correlation coefficients of tem-
perature values at Cincinnati and
specified stations during 1921-1970.

Based on the 1931-1560 normal period.

Stations and
Distances from | Winter|Spring |Summer| Fall
Cincinnati
Xenia 0954 | 0937 | 0814 | 0917
(~75km) - - : :
Delaware 0.99 | 0836 | 0869 | 0862
(~176km) Al e : .
Ashland A
o iommy | 09% | 08 | 0782 | 0873
. Cleveland
L Aoy | 0986 | 0830 | 0783 | 084l

—.87 —.

behavior (departures) in all of Ohio. The
precipitation correlations are cdhsiderably;
lower (of.the order of+ 08 in summer) and
will not be discussed here. .

{4) In order to present the «data ‘in’
perhaps a clearer format, smoothing was
necessary. Thirty-year moving averages
spaced for every b-year interval, which
filter higher frequencies, were determineid
for temperature and precipitation time series’
in the whole area and applied in this study.
As shown in Fig. 10, winter, summer and’
fall show marked negative temperature’
departures from the average of 1821-1850
through the average of 1921-1950, and a
warm episode occurred during'the period
of 1921-1950 average to 1931-1960 average,
then a pronounced decline of temperature:
thereafter for winter and summer. A major
upward trend of summer and fall tempera-

SPRING

5 1941/79
n.ilho f ||-||l7o ' lﬁolno N I"i/mo . 191!130 f 192\10 1 \

n 4 os

ANNUAL

Fig 10. Thirty-year moving averages of
season and mean annual tem-
peratues from 1931-1960 normals.
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ture was found especially in the early years
of record. The average of the 1830's to
1860’s was about 2-3°F below recent normals
whch is consistent with Wahl’s (1968) stiudy-
The spring moving averages are less pro-
nounced. Wahl (1974) has done the similar
study in Wisconsin. The running means of
six areas in Wisconsin are indicated by the
‘dashed curve. Compared to the curve in
Ohio the temprature trends for Wisconsin
closely coincide.
a negative trend in Ohio is accompanied
by a negative trend in Wisconsin.

For the annual curve,

Before examining the precipitation mov-
ing averages, it should be recognized that
the seasonal records between stations only
a few kilometers apart may vary by a
considerable degree. The rainfall regime
in Ohio is similar to the continental interior
type described by Trewartha (1961); 40-45
inches of rainfall are well distributed throu-
ghout the year with higher amounts chiefly
in the summer. Alexander (1924) has
suggested dividing the area of Ohio into
three sections of rainfall due to the varia-
bility of topographic featues. However, in
this study of precipitaion departures, it was
unnecessary to followh is idea. The whole
area was assumed to be rather uniform
because precipitation departures showed no
systematic anomalies.

The moving average for rainfall depar-
tures are shown in Fig. 11. Above recent
normal amounts are noted approximately
from the beginning to the 1931-1960 averages
in winter and fall. Annual weighted ave-
rages show a similar downward trend from
the very beginning through the last thirty
year averages. Compared to Wahl’s curve
for Wisconsin (also shown in Fig. 11), the
surprising thing is the consistency of the
precipitation trends found in fall in both
areas. It is also interesting to note that

7 r " A4
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SUMMER s A NPT SR s
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Fig. 11. Thirty-year moving averages of
seasonal and annual weighted ave-
rage precipitation departures from
1931-1960 normals (in percent of
normal amount).

the winter trend is downward and the spr—
ing trend is upward in both areas since the:
1931-1960 averages. One might speculate
that the cyclonic activity was lingering-
around the Midwest more frequently in.
spring since 1950’s. The positive rainfall
anomaly in spring can be attributed to a
longer lasting southerly displacement of
the storms tracks associated with the polar
front.  Similarly, the downward winter
trend can be a result of the drier polar air
staying longer in Midwestern U.S. than the-
early years of this century and the last
century.

A comparison of the annual curve of
temperature and precipitation in Ohio shows-
a warming trend associated with the down—
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ward trend of precipitation from 1831-1860 (5) The temperature and precipitation
till 1931-1960. Since the 1931-1960 averages, departures from the 1931-1960 normals for
the behavior of these curves is not quite each consecutive five-year average at three
the same as during the last hundred years. long record stations were plotted on Fig.

N In Ohio, before 1931-1960, cold temperature 12 and 13. Temperature trends in Ohio

ad dryness had never occurred together. Valley all exhibit a pronounced cooling
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Fig. 12. Trends of winter mean temperature deviations from 1931-1960 normals of
every S5-year interval at three long record stations in Ohio.
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Pig. 13, Trends of winter mean precipitation deviatiohs (in percent of normal amounts)
from - 1981-1960 climatic normals of every 5-year interval in Ohio.
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after 1951-1956. Years with the largest
temperature departures:are found in the
period of 1901-1905. The temperature beha-
viotr in the period of 1961-1965 and 1901-1905
will be discussed in more detail. The trends
of winter mean precipitation departures also
show a downward tendency toward dryness
since the 1946-1950 averages; the negative
departures occurred after the 1956-1960
averages in Marietta with 15% and Ports-
mouth with 30% below normal amounts.
The highest rainfall amounts were observed
in 1881-1885 period which also will be dis-
cussed in the next section. During the
period of 1841 to 1855, the winter rainfall

departures at Cincinnati tends to be high -

compared to Marietta and Portsmouth.

(6) The five-year period with the
largest winter temperature departures from
the 1931-1960 normals were the years 1901-
1905 and 1961-1905 and 1961-1965. The geo—
graphical distribution of these departures
are given in Figs. 14 and 15 for winter and
Figs. 16 and 17 for the year as a whole.
Temperatures are distinctly colder than

OHIO

Fig. 14, 1961-1965 temperature deviations (°F)
from 1931-1960 normals winter

normal. The coldest region is near the
west-central area with the 1961-1965 average;
temperatures being 6 .degrees below the
normals;  a, rather large area from south-
central to northern Ohio with the 1901-1905
average temperatures. being 5-6. degress

OHIO

Fig. 15. 1901-1905 temperature deviations (°F)
from 1931-1960 normals; winter

Fig. 16. 1961-1965 temperature deviations (°F)
from 1931-1960 normals; annual
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Fig. 17. 1901-1905 temperature deviations (°F)
from 1931-1960 normals; annual

below the normals. These colder areas are
also well defined although less pronounced,
during the summer season. The spring and
fall patterns during these two periods are
less well organized. Negative temperature
departures dominate over the whole area
for the whole area for the annual pattern.
For the most part, the annual distributions
agree with the winter pattern but with a
lesser magnitude. This is particularly true
in the midwestern and south-central por-
tions of the area.

The maximum deviation of winter and
corresponding annual rainfall from the 1931-
1960 normals occurred in 1881-1885, and are
shown in Figs. 18 aud 19. The “Great
Flood”, beginning in August, 1879 and ending
in May, 1884 as described by the Climatolo~
gical History of Ohio, was a period of nearly
five years of great rains. The extreme
high water in February, 1884 was due to the
combined effects of great rains, melting
snow and high temperatures. Arqas with
departures from winter normals of more
than 80% were located in the southwest and
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northwest portions of the area. The de-
parture from the yearly-weighted normals
exhibit a similar pattern with magnitudes
of approximately less than half of winter
departures. oo

Fig. 18. Departure of 1881-1885 Winter preci-
pitation from 1531-1960 normals (in
percent of normal amounts).

OHIO
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Fig. 19. Departure of 1881-1885 annual
weighted-average precipitation
from 1931-1960 normals (in
percent of normal amounts).
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4. Discussion of results

i

; In general it can be said that the annual
temperature trends over Ohio have been
upward from 1821-1850 averages to at least
1921-1950 averages (see Fig. 11) with an
indication that the rising trend has reversed
over the last 15-20 years. The march of
seasonal temperature departures are in
phase in Ohio and Wisconsin; the magnitude
of these negative departures are slightly
smaller in Ohio than in Wisconsin before
the 1931-196C averages for winter and sum-
mer. The winters of 1961-1965 and 1901-1905
are the most striking cold periods; tempe-
rature departures being 4.2°F below the
normals averaged over the whole area in
Ohio for the 1961-1965 winter seasons, while
for the period 1901-1905 the averaged tem-
perature departures was b5.3°F below the
- normals. In both periods, the central-west,
southcentral and northern lakeshore area.

For the central area, it can be explained by
the Appalacian Mountains. which stopped
the northerly air going further southeast-
ward, thus the cool air accumulated in
central Ohio. When the influx of polar air
is persistent into Ohio, the open northern
lakeshore area will also experience a drastic
cooling situation.

A positive annual rainfall
dominates through an interval of about 100
years to the middle of this century. Since
the 1931-1960 averages, the precipitation
changes are not significant, but a tendency
toward lower totals is indicated over the
whole area in Ohio. This phenomena is
attributed to a strengthening of the blocking
high over western North America and strong
northerly flow in the Midwest.

A 2°F below normal area across central
Ohio from south to north in the 1951-1970
winter temperatnre departures approxima-
tely coincides with the 1891-1920 winter

departure

A

' JANUARY 1963

Fig. 20. Mean 700 mb chart and its height departure from normal for January 1963 (after Andrew).
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pattern. Similar areas are also found for
-the summer and fall during the period of

1951-1970 and 1891-1920. Over all, the sea-

-sonal temperature behavior during the 1951~
1970 is comparable to that of the 1891-1920
period.

Climatic variations respond to the shifts

in preferred position and strength of the

upper air troughs and ridges. For example,
the January 1963 pattern, as shown by 700mb

-chart in Fig. 20 (Andrewt. 1964) was the

most typical case. OQOutbreaks of Arctic air
spread southward and southeastward which
kept temperatures distinctly below the nor-

‘mals. Persistence of the extreme cold air

in the Midwest is related to a persistent
low zonal flow and strong blocking blocking

. characteristics.

The average winter circulation for the

-same year at sea level also indicated low
.zonal index characteristics, as shown in Fig.
"21. (Andrew, 1964). Northerly flow, which
.inhibited the penetration of moist air from

2.

Fig. 21. Mean sea level map for the winter
season (Dec. 1962, Jan. 1963, and Fcb.
1963). Thin solid lines are isobars
giving prfssure in millibers. The
prevailing tracks of daily pressure
centers are shown by heavy solid
arrows for Lows and open arrows
for Highs (after Andrew).
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the Gulf of Mexico, is found in the Midwest.
Therefore, for the cold stormy .weather in
the U. S. one would usually find a strong
ridge over western North America which
effectively blocked the passage of moist
Pacific air mass into the west and a deeper
than normal trough in the central continent
which would bring cold air and dryness
into the midwest.

The statistical significance of climatic
change in North America had been studied
in detail by many authors (Blasing, 1968;
Quade, 1968; Wahl, 1968; Kalnicky, 1974).
To avoid repetition, the significance of the
Student t-test was only applied to a single
station. It shows that a significant winter
temperature change does exist between
1861-1890, 1891-1920 and 1921-1950 period.

All the coefficients in Table 3 show a
high correlation of seasonal temperature
values over Ohio. With these values, one
can estima the seasonal temperature vari-
ability across the whole area of Ohio within
a reasonable range once the temperature
records at Cincinnati Abbe Obsérvatory are
obtained.

Since the recording sites in the early
half of the 19th century do not cover the
entire state of Ohio, only a few stations
along the Ohio Valley are available. The~
refore, the figures and curves which have
been shown here are not true averages
over all of Ohio. However, these curves
are the most representative for the climatic
variation over Ohio Valley in earlv times.

5. Summary and concluding

remarks

The warming trend in Ohio existed at
least since the late 1820’s and evidently
culminated in the early 1950’s. The temper=
atures have been markedly * colder than
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normal since 1955, A marked similarity of
seasonal temperature change is found in
the periods of 1951-1970 and 1891-1920. The
fargest seasonal .temperature departures
from normal are found in winter. The
‘tharch of 30: year moving averages of annual
temperature and precipitation departures
;are opposite to each other from the beginn-
ing of computations through the 1931-1960
averages; then cold temperatures accom-
panied by low rainfall amounts occurred in

Ohio.

It has been suggested by many authors
(Lamb, 1966; Wahl, 1968) that we have been
passing through the “Optimum” period and
now return to conditions that prevailed
before the warming trend at the end of the
“Little Ice Age.” The 1931-1960 normal
period used by the U.S. W.B. was possibly
the most abnormal for warmth and drought
in the eastern U. S. within the last few
-‘hundred years.

The physical reason for recent cooling
‘has been explained partially by the increase
4n atmospheric turbidity by volcanic dust and
man-made pollution which would depress
the nolmal incidence of solar radiation.

The area of this study is concentrated
‘on Ohio; in a sense it can be regardcd as a
pilot study which can be a mode! for simi-
1ar investigation in other regions. For
‘example, there exist stations with long
‘records also in other areas of eastern
Midwest, e. g., northwest West Virginia
and Northeast Kentucky. Further studies
of this kind of survey can be extended to
these areas. Thus, we can have a better
understanding of the climatic changes in
the eastern Midwest rather than restricted
.to a limited area. The results are only for
a part of the Midwest and do not contradict
the results of other studies.
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