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SUMMARY OF REPORT/PUBLICATION
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for Entente Fund Officials. 

Author: Dr. Do Sup Chung 

Period of Report/Publication: May 11 through 16, 1972 

Project Title: 	 Technical Assistance in Food Grain Drying, Storage, Handling
 
and Transportation.
 

Contract Number: AID/csd-1588
 

Contractor: 	 Food and Feed Grain Institution, Kansas State University,
 
Manhattan, Kansas
 

Principal Consultant: Dr. Do Sup Chung
 

SUMMAY STATEMENT 

Kansas State University was asked by USAID/Washington to provide a
 
tour of grain storage facilities, especially those of metal construction,
 
for Entente Fund storage officials.
 

There appeared to be a question as to whether metal storage structures
 
would be suitable for grain storage under climatic conditions in Entente
 
Fund countries. Condensation due to day-night fluctuation in temperature
 
was a primary concern.
 

Fundamental principles involved in condensation and the potential fir
 
its being a problem in grain storage under Entente Fund country conditions
 
were discussed at Kansas State University prior to visiting actual storage
 
facilities. Itwas pointed out that although day-night temperature
 
fluctuations are great, condensation should not be a serious problem because
 
of the generally low relative humidity of the area.
 

Metal and other types of storage facilities were visited on a four
day tour of areas in western Kansas and Texas where comparable climatic
 
conditions exist.
 

2
 



TOUR OF SOME U.S. GRAIN STORAGE FACILITIES
 
FOR ENTENTE FUND OFFICIALS
 

Prepared by
 
Dr. Do Sup Chung
 

Food and Feed Grain Institute
 
Kansas State University
 
May 11-16, 1972
 

Prepared for the
 

AGENCY FOR INTERNATIONAL DEVELOPMENT 

AID/csd- 1588
 
Technical Assistance in
 

Food Grain Drying, Storage, Handling and Transportation
 

at the
 
FOOD AND FEED GRAIN INSTITUTE
 

Kansas State University
 
Manhattan, Kansas 66506
 

Dr. William J. Hoover, Director 
Dr. Leonard W. Schruben, Associate Director
 

Dr. Richard Phillips, Agricultural Economist
 
Dr. Harry B. Pfost, Agricultural Engineer
 
Dr. Do Sup Chung, Agricultural Engineer
 

John R. Pedersen, Entomologist
 

J/' 

3 



Table of Contents 

Page
 

Introduction .................... ......... . 1
 

Orientation and Discussion at KSU .............. 2
 

Discussion of Potential for Condensation ....o..3
 

Tour of Storage Facilities ................... 4
 

Itineraty ......................................
6
 

Appendix................................ ......
 8 

Climatological Data
 
Wichita, Kansas
 
Dodge City, Kansas
 
Amarillo, Texas
 

Psychrometric Chart
 

Moisture-Relative Humidity Equilibrium

Charts for Corn, Sorghum, 
Wheat and Rough Rice
 

4
 



TOUR OF SOME U.S. GRAIN STORAGE FACILITIES
 
FOR ENTEhNTE FUND OFFICIALS 

Introduction 

The Food and Feed Grain Institute, Kansas State University, was
 

requested by USAID/Washington, D.C., to host the Entente Fund Officials
 

from Niger, Upper Volta and Ivory Coast in West Africa, who were interested
 

in knowing moe about grain storage practices and facilities, especially
 

metal storage facilities for bagged grains under climatic conditions
 

similar to theirs. 

The Entente Fund Officials we hosted were:
 

Mr. Ganoua Sillemane
 
Director, National Office of Food Products, Niger
 

Mr. Idrissa Thiombiano
 
Director, National Office of Cereals, Upper Volta
 

Mr. Jacques Gurgand
 
Technical Advisor, Agronomist, Entente Council, Ivory Coast
 

Accompanying these officials was Miss Sara Jane Littlefield, USAID
 

Central West African Regional Development Officer, who is stationed in
 

Niamey, Niger.
 

The original itinerary prepared for the visiting group had to be
 

altered because of a one-day late arrival in Manhattan, Kansas. The
 

revised itinerary is appended to the report. As seen in the itinerary,
 

one-half day was scheduled for orientation on grain storage practices
 

and facilities and for discussing grain storage problems experienced in
 

West Africa with Food and Feed Grain Institute staff members prior to
 

on-site visits to metal storage facilities for bagged grains.
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Orientation and Discussion at KSU
 

Staff members who were involved in orientation and discussion were
 

Dr. Harry B. Pfost, Dr. Do Sup Chung and Mr. John R. Pedersen. Incidentally,
 

Dr. Pfost was one of the reviewers for the proposal made by Mr. F. W. Pieschl,
 

AID Consultant, on prefabricated metal buildings for the Entente Grain
 

Stabilization program.
 

During orientation and discussion, the visiting group was briefed
 

by staff members on fundamentals of grain storage, structural aspects of
 

grain storage, and grain storage practices. In addition, curricula of
 

the Department of Grain Science and Industry and activities of the Food
 

and Feed Grain Institute, especially contract AID/csd-1588 Technical
 

Assistance in Food Grain Drying, Storage, Handling and Transportation,
 

were explained. They were very much interested in the Grain Storage and
 

Marketing Short Course offered at Kansas State University under contract
 

AID/csd-1588 and expressed their desire to send personnel for this type
 

of training in the future.
 

The climatological data near the metal storage buildings for bagged
 

grains to be visited (Wichita and Dodge City, Kansas, and Amarillo, Texas)
 

and other reference materials were distributed to the visiting group, and
 

we discussed the problems associated with grain handling and storage
 

facilities and practices in West Africa. 
They were very much cowuerned
 

with condensation problems that may occur in a metal storage building
 

due to a large day and night temperature differential experienced in
 

West Africa. We informed them that nc serious problem on condensation
 

of water vapor would exist in a metal storage building under normal
 

climatic conditions in West Africa such that grain stored would be
 

adversely affected.
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Discussion of Potential for Condensation
 

Although day and night air temperature difference is great, conden

sation problems are not likely to exist because of the low relative
 

humidity of air in the West African region (normal relative humidity:
 

below 10%). To illustrate this point, a psychrometric chart is appended
 

to the report. For example, air at 110 F and 10% R. H. would condense
 

at a temperature below 41.5 F (dew point), and the condensation temper

ature of air at 1000F and 10% R. H. is 350F (see psychrometric chart).
 

It can be expected that the relative humidity of air inside a metal
 

storage building would be higher than that of outside air because of some
 

moisture evaporation from grain. 
Note that the equilibrium relative
 

humidity for corn at 13% moisture, dry basis, at 90°F air temperature
 

is about 70%. Therefore, if the relative humidity of air surrounding
 

grain is below 70%, grain at 13% moisture will lose moisture. To illus

trate this point, isotherm curves (relationships between equilibrium
 

moisture content of grain and relative humidity of air at a given temper

ature) for various grains are given in the figure appended. For example,
 

the equilibrium moisture content of grain sorghum at an air temperature
 

of 90 F and R. H. of 10% 
is 5%, dry basis, (see the figure). Therefore,
 

in general, the loss of moisture from grain during storage is expected
 

rather than the gain of moisture in a hot and dry climate. The increase
 

in relative humidity of air inside! a building would raise the dew point 

of air, but the temperature of air inside a building during night time
 

would rarely reach dew point because of release of heat absorbed by grain
 

during day time under climatic conditions in West Africa.
 

However, in order to reduce the possibility of condensation, the
 

following aspects should be considered in metal storage buildings for
 

bagged grains:
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1. Adequate ventilation in a building.
 

2. Paint the building white.
 

3. Do not stack grain bags against the wall.
 

4. If the condensation problem still exists in a building, coveL:
 
the grain pile with a plastic sheet, or put insulation (i.e.

2" thick fiber-glass) on the roof inside of the building. 
This
 
will create at least 20 F temperature differential between the
 
outside and inside air. 
Thus it would reduce drastically

condensation problems.
 

Tour of Storage Facilities
 

On-site visits to metal buildings for bagged grains which are located
 

in areas with climatic conditions similar to those of West Africa had
 

been arranged for the visiting group. The locations and characteristics
 

of the facilities visited are (please refer to the itinerary and
 

climatological data appended):
 

1. Halstead, Kansas, Dekalb Seed Co.
 

Prefabricated steel (corrugated) warehouse 60' 
x 160' x 16'.
 
Concrete floor, roof and walls insulated with 2" fiber-glass
 

and painted with white paint.

Four natural draft ventilators on the roof.
 
Type of grain stored: Wheat stored in brown paper bags (some


plastic reinforced bags).

Maximum capacity: 80,000 bags (50 lbs/bag).
 
Builder: Butler Manufacturing Co., U.S.A.
 
Cost: $70,000 including insulation (1970).
 
Expected life of building! 30 years (for insurance and tax purposes)
 

with a five-year effective paint life.
 
Remarks: The temperature differential between outside and inside
 

air is at least 25 F. No problem of condensation throughout a year.
 

2. Ulysses, Kansas, Dekalb Seed Co.
 

Prefabricated steel (corrugated) warehouse 80' 
x 200' x 18'.
 
Concrete floor, truck loadtng dock, only roof insulated with 2"
 

fiber-glass and vainted with white paint.
 
Five natural draft ventilators on the roof.
 
Type of grain stored: Grain sorghum in brown paper bags (some


plastic reinforced).
 
Maximum storage capacity: 170,000 (50 lbs/bag).
 
Builder: Star Manufacturing Co., U.S.A.
 
Cost: Approximateiy $70,000 (1969).
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Expected life of building: 
 30 years with a five-year effective
 
paint life.


Remarks: The temperature differential between the outside and
 
inside air is at least 200F. 
No problem of condensation

throughout the year,
 

3. 	 Dumas, Texas, Dekalb Seed Co.
 

Prefabricated steel (corrugated) warehouse 100' 
 x 300' x 22'.

Concrete floor, no insulation on the roof and wall.
 
Eight natural draft ventilators on the roof.

Type of grain stored: Grain sorghum stored in brown paper bags


(some plastic reinforced).

Builder: Star Manufacturing Co., U.S.A.

Expected life of building: 
 30 years with five-year effective paint


life.
 
Remarks: 
 No problem of condensation throughout the year.
 

In addition to the above facilities, they observed the tile storage
 

building for bagged grains (80' x 240' x 18'), steel storage bins (100 T.)
 

and continuous dryers at Ulysses, Kansas, and commercial concrete upright
 

storage facility at FARMARCO, Hutchinson, Kansas. 
Also observed were
 

irrigation practices (flood and sprinkler types) at the experiment farms
 

of Dekalb Seed Co. in Ulysses, Kansas, and Dumas, Texas.
 

At the end of the trip, the Entente Fund Officials expressed their
 

thanks to the University and USAID for assistance and guidance. 
They
 

also indicated that the trip was interesting and informative and they
 

learned a great deal.
 

In concluding the report, we, the Food and Feed Grain Institute,
 

Kansas State U'iiversity, wishi to express our sincere appreciation to the 

Dekalb Seed Co. Personnel, especially to Mr, Wayne Smith, Halstead, Kansas; 
Mr. Randy Moore, Ulysses, Kansas; and Mr. Darrel Reynolds for their 

cooperation and assistance. 
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ITINERARY 

FOR 

the Entente Fund Officials from West Africa 

Sponsored by U.S. Agency for International Development
 

Names: Mr. Ganoua Sillemane, Director, National Office of Food Products, Niger
 

Mr. Idrissa Thiombiano, Director, National Office of Cereals, Upper Volta
 

Mr. Jacques Gurgand, Te..hnicalAdvisor, Entente Council, Ivory Coast
 

Accompanied by Miss Sara Jane Littlefield, USAID, Central West African Regional
 
Development Officer
 

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

Date Time Location
 

May 11, 1972 6:32 p.m. Arrive Manhattan, Kansas, via FL 559.
 
Thursday
 

May 12, 1972 8:00 a.m. - noon Visit Grain Science Dept., Kansas State
 
Friday University, Manhattan, Kansas.
 

Discuss the problems concerning
 
grain storage with the staff members.
 
Contact: Dr. Do Sup Chung
 
Phone: (913) 532-6161 or
 

(913) 532-5580
 

Lunch Break
 

2:00 p.m. Leave Manhattan for Hutchinson, Kansas
 

4:30 - 6:30 p.m. Visit FARMARCO, Inc., Hutchinson, Kansas
 
Contact: Dr. Wayne Henry
 
Phone: (316) 663-1571
 

May 13, 1972 8:00 a.m. Leave Hutchinson for Halstead, Kansas
 
Saturday
 

9:00 a.m. - 11:00 a.m. Visit Dekalb Seed Co., Halstead, Kansas,
 
for observing metal storage facilities
 
for bagged grains.
 
Contact: Mr. Wayne Smith
 
Phone: (316) 835-2687
 

11:00 a.m. En route to Ulysses, Kansas.
 

4:00 - 6:00 p.m. Visit Dekalb Seed Co., Ulysses, Kansas, 
for observing metal and tile storage 
facilities for bagged grains. 
Contact: Mr. Randy Moore
 
Phone: (316) 356-1281
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Date Time Location 

May 14, 1972 Open 
Sunday 

May 15, 1972 8:00 - 9:00 a.m. En route to Dumas, Texas. 
Monday 

9:00 - 12:00 noon Visit Dekalb Seed Co., Dumas, Texas, 
for observing metal storage facilities 
for bagged grains. 
Contact: Mr. Darrel Reynolds 
Phone: (806) 935-5623 

12:00 noon Enroute to Amarillo, Texas. 

May 16, 1972 
Tuesday 

Morning Leave Amarillo, Texas, for Washington, 
D.C., via Dallas, Texas. 

NOTE: Dr. Do Sup Chung, Food and Feed Grain Institute, and Mr. Mehdi Adlouni,
 

Interpreter, will accompany them for the field trip (by State vehicle).
 

i
 



8 

AP7-zndix 

Climatological Data, Annual Summary with
 
Comparative Data
 

Wichita, Kansas 1971 
Dodge City, Kansas 1971. 
Amarillo, Texas 1971 

Psychrometric Chart 

Moisture-Relative Humidity Equilibrium Charts
 
for Corn, Sorghum, Wheat and
 

Rough Rice
 



UNITED STATES A
DLOCAL CLIMATOLOGICAL DATA 

PUBLICATION ANNUAL SUMMARY WITH COMPARATIVE DATA 

WICHITA, KANSAS 

1971 R M S0 

NARRATIVE CLIMATOLOGICAL SUMMARY 

Wichita lies in the path of alternate masses of 
warm, moist air moving northward from the Gulf 
cf Mexico and cold, dry air moving southward 
from the Polar Regions. Consequently, weather 
in this area is subject to frequent and often 
abrupt changes. Summer months are usually 
warm and occasionally the term "hot" is a 
better description. Winters are usually mild. 
The temperature extremes for the period of 
weather records at Wichita are 1140 onAugust 12, 
1936, and -22* on February 12, 1899. On the 
average, temperatures of 90* or above occur 
on 60 to 65 days per year, while readings of 
zero or lower occur on about two days per 
year. 

Wichita has an elevation of a little more than 
1,300 feet above sea level. This elevation is 
conducive to a greater night and day temperature 
range than would be expected at lower altitudes, 
The surrounding terrain is of a gentle, sloping 
character with no large bodies of water which 
affect the climatic conditions in the vicinity, 
The average freeze-free period has a duration 
of about six and one-half months, extending
irom mid-April to late October. 

It is of significance to agriculture that a large 
portion of the precipitation falls during the growing 
season. The six months, April through September, 
account for about 70 percent of the annual pre-
cipitation. The highest monthly averages are In 
the spring and summer while January is usually
the driest month. The wettest year of record was 
1951 with 50.48 inches. The driest year was 1966 
with 12.15 Inches; however, the driest 12-month 
period was May 1966, through April 1967, with 
only 10.25 Inches. Thunderstorms occuronabout 
56 days per year with the greatest frequency
during spring and early summer. Hail accompany-
Ing thunderstorms is not uncommon; however, 
hail damage ts infrequent, 

Brief flooding occasionally results from very 
heavy thunderstorm rainfall; but, with the com-
pletion of the Wichita-Valley Center Flood Control 

Project Works, in 1959, Wichita is now protected 
against floods from the Arkansas River, Little 
Arkansas River, Cowskin Creek, Chisholm 
Creeks, and the Big Slough. This project, a 
series of floodways and diversion canals, was 
designed to prorect against floods up to the 
75-100 year frequency class. No flooding from 
major streams has occurred since October 2, 
1955. 

Snow is light, averaging about 15 inches peryear.
The heaviest amounts of snow occur in the months 
of December through March. January has the 
highest monthly average; however, the greatest 
monthly fall on record was 20.5 inches in February
1913, and he'viest 24-hour fall was 13.5 inches 
on March 15- 16, 1970. 

The prevailing wind direction is southerly andthe 
average velocity compares with other midwestern 
areas. The windiest months of the year are 
March and April with averages of 14.8 miles 
per hour for both months. July has the least 
wind with an average of 11.3 m.p.h. while the 
annual average is 12.8 m.p.h. There is often 
a marked variation in wind velocity through
the day, increasing during the warmest hours 
of the afternoon and diminishing during the 
nighttime hours. Strong northerly winds often 
follow the passage of the occasionally severe 
cold frontL, characteristic of Great Plains weather. 
On rare occasions during the summer, strong, 
hot, dry southwesterly winds do considerable 
damage to growing c-ops in just a few hours. 
The fastest wind ever recorded was 100 m.p.h., 
from the north, during a passing squall. Tornadoes 
have been observed in the vicinity on occasions. 

Flying weather conditions aregenerallyfavorable 
for operation of light airplanes with the visibility
7 miles or more and the ceiling 1,000 feet or 
higher 95 percent of the time. Gusty surface 
winds are rather frequent, especially in the spring 
and summer. The strongest winds are associated 
with thunderstorms and frontal weather. 
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STATION LOCATION 
WICHITA,KANSAS 

-- gl1,wation above 
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uidg 

Av-'. 3/31/O8 

6/0/l 
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37" 41' 
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97- 20' 
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1300 

121 93 

138 140 

98 

139 

91 

132 

91 

1.2 

Moved for better exposure. 

Moved for better exposure. 

i t1, 4!. Main St. 
Ilt.olo,, E.lld7n,' 
lf'th. Fl',,

2/2h/17 "/2132 37' 41' 97" 20' 1300 O S 140 139 132 132 

1t B1,t-k S. Hail St. 

I't,1 tifft- Bldg., 
r4 t. 7.arlCt, Strt,,t, 

ATIPPIOtT 

4/26/13211/29/40 

/9 

2000 ft. 

NNE 
37" 41' 97" 20' 1300 93 86 85 
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78 78 

Mni.,.' Airtr 11/29/40 9/27/44 5 m1. SE 37? 38' 97' 16' 1372 61 6 5 4 4 4 Consolldattm at Airport Station. 
Ml-klilpal Airpo.rt 9/27/44 11J10/53 None 37" jH' 97" 16' 1372 61 5 50 43 43 43 
W,-thrlr 

Ne uiJ,-,l- ip. 

or tu Building 
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12/01/53 I'ri- -nt 8.7 miles 

ww~c 

37" 39' 97" 25' 1321 d25 . 5 .C7 

a9/ 

4 4nda' 

l 

- t5lsiloed 5/20/57mad 

oi d,1,b-cocizlsslon,Id 911/60. 
c -Standby 6t rtt A f ter 9/1/60. 

d 32 feet to 7/26/67. 

kR-9oeqt I,r additional Infor'mation to ul to- dlrt-,-t-d to the National We-ther Service Off ice for hich tlin summary wat in,1d. 

Sal,. I'rl 1I. t..... t.r ..yC h.ck m.d oney orders nhouldrtl . lng tll 1u711,alet In 'old 
he mod,. payable to thit Superintendent I -tf., . Aeite..... and correpondeotebI oe.nt to the Superlntendi-nt of Docuivnto looer nnt Print ing Office, Washington. 0. C. 20402 
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NATIONAL CENTERCLIMATIC V CPO AGI OF,CO&IACC,
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ASHEVILE. N.C.28801 
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AUNITED STATES 
DEPAR~TMENT OFELOCAL CLIMATOLOGICAL DATA 
PUBLICATION ANNUAL SUMMARY WITH COMPARATIVE DATA 

DODGE CITY, KANSAS 

1971 4 * 

NARRATIVE CLIMATOLOGICAL SUMMARY 

The climate of Dodge City and southwestern 
Kansas iG classified as semiarid. Dodge City
is nearly 300 miles east of the Rocky Moun-
tains, but the weather reflects the influe-nce 
of the mountains. The mountains form a barricade 
against all except high level moisture from the 
southwest, west, and northwest. Chinook winds 
occur occasionally but with less frequency and 
effect than at stations farther to the west. 
Relatively dry air predominating with an abun-
dance of sunshine contribute to broaa diurnal 
temperature ranges. 

The average annual precipitation accumulates to 
near 20 inches. Thunderstorms during the growing 
season contribute most of the moisture. In 
general, the thunderstorms are widely scattered, 
occurring during the late afternoons andevenings.
They are occasionally accompanied by hail and 
strong winds, but due to the local nature of the 
storms, damage to crops and buildings is ex
tremely spotted and variable. Winter is the dry 
season; however, the moisture accumulated during 
the winter months is important for the hard 
winter wheat. Accumulated snowfall averages 
near 20 inches for the winter, but duration of 
snow cover Is generally brief due to mild tem-
peratures and an abundance of sunshine. The 
exception results from the occasional blizzard 
that spreads across the flat treeless prairies 

of the high plains. 

The extreme temperatures recorded for Dodge
City range from 1090 to -26. Afternoon tern
peratures in the nineties prevail during the 
summer months; temperatures above 1000 are 
the exception. Due to low humidityanda continual 
breeze, these temperatures are effectively 
moderated. Temperatures drop sharply after 
sunset, allowing cool comfortable nights. During 
the winter months, lai'ge temperature changes are 
frequent, but duration of extreme cold spells are 
brief. Temperatures below zero are infrequent
and of only a few hours duration each winter. 

The visibility at L),.:6e City is generally un
restricteLv as the terrain is favorable for un
restricted movement of air and airmasses. 
Periods of calm winds are rare as are extremely 
strong winds. 

Western Kansas is noted for clear skies and 
abundance of sunshine with seldom a day the 
sun fails to shine. 

The climate Is conducive to the growing of hard 
winter wheat and maize. The winter wheat Is 
pastured by cattle and sheep during the fall and 
winter. The semiarid climate favors production 
of wheat high in protein. 
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AVERAGE TEMPERATURE ___L _ TOTAL DEGREE DAYS ''"'.','r. ^ 
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precpiattan. Closing date 
doubtful. 

f!t '/?/71 37. "*,' 99. 5!./ 2430delll!/7 
T-rper::ure :nd precipitation.
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AUMIE STATE5I 
O LOCAL CLIMATOLOGICAL DATACOMMERCE -PUBLICATION ANNUAL SUMMARY WITH COMPARATIVE DATA 

AMARILLO, TEXAS 
N4?g, of 

1971 0 0 1 

NARRATIVE CLIMATOLOGICAL SUMMARY 

The station is located 7 statute miles ENE of the downtown 
post office in a region of rather flat topography. The 
Canadian River flows eastward 18 miles north of the 
station, with its bed about 800 feet below the plains. The 
Prairie Dog Town ForkoftheRedRiverflows southeastward 
about 15 miles south of the station where it enters the Palo 
Duro Canyon, which is about 1,000 feet deep. There are 
numerous shallow lakes, often dry, over the area and the 
nearly treeless grasslands slope gradually downward to the 
cast. The terrain gradually rises tothe west and northwest. 
To the east, south, and west most of the land is under 
cultivation with considerable irrigation; while to the north-
west, north, andnortheast grazinglandpredominates. Soilof 
the area is chestnut loam interspersed with gray and ved 
loams, all overlying a substratum of caliche. 

Departures from normal precipitation are wide, with yearly
totals ranging from 9.94 inches In i956 to 39.75 Inches in 
1923. A period of 5 consecutive years, 1952- 56, with 
significantly below normal rainfall resulted in the most 
severe drought of record. Three-fourths of the total annual 
precipitation falls between April and September, occurring
fron' thunderstorm activity. The average frequency of 
precipitation amounts include annually: 53 days with a 
trace, 11 days .50 or more, 4 days 1.00 Inch or more, and 
1 day 2.00 inches or more. An even snow cover Is very
unusual because of high winds, but winter snowfall averages
13.4 inches ranging from 0.1 Inch in 1949-50 up to 48.7 In 
1918-19. Snow usually melts within a few days after It falls. 
Heavier snowfalls of 10 Inches or more, usually with near 
blizzard conditions, have occurred 20 times in 72 years, 
mostly over a 2-3-day period. The heaviest, 20.6 inches, 
occurred March 25-26, 1934, In 23 houre, but much of It 
melted as it fell, and the greatest depthon the ground reached 
only 4.5 inches. The record greatest snow depth on ground 
was 16.5 Inches February 26, 1903, when 17.5 Inches fell 
in 49 hours. The most damaging blizzard occurred 
March 23-25, 1957, when 11.1 inches of snow fell, reached a 
depth of 10 Inches, and northerly winds averaging 40 m.p.h.
for 24 hours, with gusts over 50 m.p.h., produced severe 
drifting. 

The Amarillo area is subject to rapid and large temperature 
changes, especially during the winter months, when cold 
fronts from the northern Rocky Mountain and Plains states 
sweep across the level plains at speeds up to 40 m.p.h.
Temperature drops of from 50 to 60 degrees within a 
12-hour period are not uncommon in association with 
these fronts, and 40-degree drops have occurred within 
a few minutes. Normally, the coldest period occurs In 
mid-January, however, the record minimum temperature,
-16 degrees, occurred February 12, 1899. Long term 

records of 0 degrees, or lower, average less than 2 days 
per year. Normally the warmest period occurs In July, 
but the record maximum temperature of 108 degrees
occurred June 24, 1953. Temperatures 100 degrees, or 
higher, average 6 days per year, slightly n ore frequent 
lIn July than June or August. Usually there Is low humidity 
and sufficient wind to prevent the high daytime temperatures 
from being particularly uncomfortable, and rapid cooling 
occurs at night. 

The treeless plains of the area, absence of sheltering 
mountain ranges, and nearness to the paths of moving 
pressure syster a tend to cause strong winds, with March 
and April having the strongest winds. Light winter pre
cipitation makes the spring season favorable for wind 
erosion and resultant dustatorms that occasionally reduce 
visibility to less than I mile. With Improved tillage
methods and increasing irrigation, duststorms have bten 
Infrequent in recent years. The, fastest winds record,.d 
have been in connection with thunderstorms, occasionrlly 
accompanied by hail and wind damage; 84 m.p.,n. was 
recorded May 15, 1949, when a tornado moving rirtheast
ward pasced about a mile west of the station. The wind 
is below 15 m.p.h. 63 percent of the time. 

Humidity averages rather low, frequently dropping below 
20 percent and occasionally below 4 percent in the spring.
Low humidity moderates the effect of high su-rimer after
noon temperatures, permits evaporative cooling systems 
to be very effective, and makes for pleasant evenings and 
nights. 

Abundant sunshine 2nd adequate growing season permit a 
broad variety of agriculture and gardening. The average 
freeze-free period (above 32 degrees) Is 198 days, but has 
ranged from 164 days, 1909 and 1917, to 242 days in 1963. 
The latest spring freeze has rangd from March 14, 1963, to 
May 7, 1915, and 1917, withApril 16 as the average (median) 
date. The earliest autumn freeze has ranged from Septem
ber 25, 1926, to November 21, 1934, with October 31 the 
average (median) date. 

Severe local storms are infrequent, though a few thunder
storms, with damaging ha,,I, lightning, and wind in a very
localized area, occur most years, usually in spring and 
summer. These storms are often accompanied by very
heavy rain, which produces local flooding, particularly 
of roads and streets. Tornadoes are rare, one of record 
moving through the city of Amarillo late Sunday afternoon,
May 15, 1949, causing 6 deaths and 87 Injuries, with 
damage estimated at $4,800,000. In the county-wide area 
10 tornadoes have been recorded In 70 years. 
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STATION LOCATION AMARILLO,TEXAS 

. . . .- -. .- - I analir... o.. . -- - -

3o Latitude Loaitta 

.4 Irr,,I 
S*IIl5 r I , 

nd I /PI/92 5/01/02 15' I V I01' SO' 3657 Station eatblitihed. 

'.4/ crn.nr I'nik.nd 
I It! Strivts 

.'01/02 6/01/03 80 feet S 35- I1' 101 50' 3657porary quarter= preparatory 

to moving Into pt-rmanent ones. 
V,corner Taylor 

S'vnte St,.et. 
and 6/01/03 410t/41 100 ft. SE 35* 13' 101* 50' 3657 49 10 10 3 3 Tipping bucket record begun

I I I6/92. WOO-WBAS contiolida
tion 4/1/;41. 

Al PORT 
Administration Building 
Luglkih Field Airport 

6112/31 11129/17 35' 14' 101i 42' 3589 52 37 37 4 Bureau of Air Corometceto 4/9/32,
Weather Bureau to 7/11/35. and 
CA thereafter. DestroyedIby fire 
11/29/37. CAA obervation. at 
City Office site following fire 

r.AA Airway Building 

Fng lisi Field Airport 

12/15/37 3/22/41 00 feet SW 35' 14' 101' 42' 3590 17 4 4 4 

!.o 12/15/37. 

CAA to 5/1140 then Weather Bureau. 

A,.b st.t-io building 
1rli,Air Terminal 

(ale ,h..V d frlre 
I..li) id Airport 

1/22/41 l'resrnt 500 fret E 35' 14' 101' 42' a3604 b23 5 
f17 

cS 
fi 

d5 4 4 'eather Bureau operation. 
Thernuacters, rain gages and wind 
equipment moved 525 feet SW with
nut change in elevations;4/21/55.A - 3590 feet to 2/1/61. 

b - 33 feet to 5/3/61. 

d -
ed to 4/21/55. 

- tied4/21/55 to 2/1/61. 
- n1talhd 1-1/4 nile. SW of 
thernnmecrr mitt.and coo
-lnit.nrd 2I/6L. 
Standby equll.ment inotalled 
4/1/61. 

Requtnt% for Additional information ohould be directed to te National eather Service Office for which thin ohnnry wasissued. 

Sa1 Price: 15 cant, per copy. Checks and mney orderI ohould be made payable to the Superintendent of Docuents. Remittances and correspondencer'rlarding this publication sould h,-sent to the Superintendent of Docwm.nts, Govrnrnnt rinttng Office, Washington, D. C. 20402 
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