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Abstract

In the dryland wheat producing region of the Pacific Northwest (PNW) we rely on winter precipitation to produce wheat and other dryland crops. During the winter of 2004-2005 we experienced abnormally dry weather, resulting in reduced storage of soil water that has the potential to adversely affect crop yields during 2005. At Columbia Basin Agricultural Research Center in Pendleton, Oregon (CBARC-Pendleton) we have collected daily weather data, including precipitation, from the fall of 1929. The resulting database presented a unique opportunity to determine the possible precipitation outcomes for the rest of crop year 2005, following this abnormally dry winter.  We divided the crop year into winter (September 1 to February 28) and spring and early summer (March 1 to June 30) precipitation periods.  Using one standard deviation from the mean of all crop years as the basis for dividing each period into drier than normal, normal, and wetter than normal, we found that drier than normal winter precipitation was followed by normal or wetter than normal spring and early summer precipitation 8 of 12 years.  Total annual precipitation was less than normal 8 years and normal in 4 years.  These conclusions are based on statistical analysis of long-term weather data from the Pendleton Station and are not based on meteorological models and, therefore, are not meant to be predictive tools.
Introduction
The intermountain region of northeastern and north central Oregon is marked by warm dry summers and cool, wet winters.  On average, we receive about 16.5 inches of precipitation annually at the Pendleton Station of CBARC; the vast majority, 83 percent, occurs between October 1 and May 31.  This winter precipitation is stored through tillage or chemical fallow and the added soil moisture is used to produce a crop in the following crop year.

We have collected daily weather data since the fall of 1929 and recently completed entering all this data into an electronic database that permits easy access to daily, monthly, and seasonal weather data.  Information currently collected includes daily precipitation, maximum and minimum temperature, wind speed and direction, pan evaporation, and soil temperatures at 1 inch, 4 inches, and 8 inches deep.  Not all data has been collected since 1929 but we have a complete database for daily precipitation and temperature.

Precipitation at the Pendleton Station of CBARC from September 1, 2004 to February 28, 2005 was only 5.32 inches compared to the 74-year average of 9.74 inches (Table 1).  This made the winter period of crop year 2005 the third driest on record. Only two crop years, 1977 (3.45 inches) and 1937 (5.20 inches), were drier during this 5-month time period.  Growers planting spring crops depend on stored soil moisture as well as spring and early summer rains to produce a crop. Questions about the likelihood of spring rain arose from many quarters, including farmers, bankers, and researchers.  The objective of our research was to determine if there was an historical pattern that we could use to help growers make decisions regarding the potential for spring rains using the information in our long-term weather database. Such information could be used in the decision-making process to decide whether to sow a spring crop or to fallow the land to store scant precipitation.
Table 1. Monthly precipitation at Columbia Basin Agricultural Research Center-Pendleton for September 2004 through February 2005, compared to the 74-year mean.

	
	Monthly precipitation

	
	2004-2005
	74-year mean
	% of 74-year mean

	
	-------------- inches ---------------
	

	September
	0.54
	0.73
	74.0

	October
	0.75
	1.38
	54.3

	November
	2.09
	2.08
	100.5

	December
	1.08
	2.05
	52.7

	January
	0.53
	1.96
	27.0

	February
	0.33
	1.54
	21.4

	Total crop year to date 
	5.32
	9.74
	54.6


Materials and Methods

Climate data, including precipitation, have been collected here at CBARC-Pendleton since the fall of 1929.  Instrumentation consists of standard National Weather Service Cooperative Program instruments and is calibrated and serviced twice yearly by the local National Weather Service Office here at Pendleton. During the winter of 2004 we converted paper-based weather records into a comprehensive electronic database.  

Subtotals were obtained for each crop year from 1930 through 2004 for the precipitation from September 1 to February 28 (winter period) and the precipitation from March 1 to June 30 (spring and early summer period) (Table 2).  We chose to consider the precipitation that occurs in July and August as being unimportant for most spring seeded crops as they are near or at maturity by then and the mean precipitation for these 2 months is only 0.81 inch. We will refer to the 10-month period from September 1 to June 30 as the partial crop year.  For both the winter and the spring and early summer period each list of crop years was then ranked from driest to wettest (Table 3). Using one standard deviation from the mean of all crop years as the basis for dividing each list into drier than normal, normal, and wetter than normal, we obtained for both the winter period and the spring period 12 years that were drier than normal, 51 years that were normal, and 12 years that were wetter than normal. For partial crop year precipitation we obtained 12 years that were drier than normal, 47 years that were normal, and 16 years that were wetter than normal. We then developed a matrix of winter period precipitation versus spring period precipitation (Table 4) and a matrix of winter period precipitation versus partial crop year precipitation (Table 5) in which each period for each year was classified as drier than normal, normal, or wetter than normal and assigned to one of the cells in the matrices.
Table 2. Winter, spring and early summer, and partial crop year precipitation, Columbia Basin Agricultural Research Center-Pendleton, 1930-2004.

	Crop year
	Winter period
	Spring period
	Partial crop year total
	
	Crop year
	Winter period
	Spring period
	Partial crop year total

	1930
	11.82
	4.94
	16.76
	
	1967
	9.94
	4.61
	14.55

	1931
	7.58
	6.46
	14.04
	
	1968
	6.92
	3.01
	9.93

	1932
	9.19
	5.85
	15.04
	
	1969
	10.98
	4.75
	15.73

	1933
	7.65
	6.14
	13.79
	
	1970
	11.61
	4.39
	16

	1934
	9.22
	3.29
	12.51
	
	1971
	7.87
	7.73
	15.6

	1935
	8.5
	4.58
	13.08
	
	1972
	13.06
	5.87
	18.93

	1936
	8.95
	3.98
	12.93
	
	1973
	6.54
	3.00
	9.54

	1937
	5.2
	9.44
	14.64
	
	1974
	16.56
	5.85
	22.41

	1938
	9.95
	5.71
	15.66
	
	1975
	9.1
	3.75
	12.85

	1939
	8.09
	3.99
	12.08
	
	1976
	10.25
	4.86
	15.11

	1940
	10.36
	4.85
	15.21
	
	1977
	3.45
	4.19
	7.64

	1941
	10.37
	8.43
	18.8
	
	1978
	11.1
	6.98
	18.08

	1942
	11.86
	7.53
	19.39
	
	1979
	8.42
	4.85
	13.27

	1943
	11.23
	8.08
	19.31
	
	1980
	10.12
	8.29
	18.41

	1944
	6.65
	4.98
	11.63
	
	1981
	11.57
	7.58
	19.15

	1945
	8.05
	7.39
	15.44
	
	1982
	13.96
	5.13
	19.09

	1946
	11.03
	6.74
	17.77
	
	1983
	13.11
	9.13
	22.24

	1947
	8.56
	7.37
	15.93
	
	1984
	11.51
	9.76
	21.27

	1948
	12.35
	8.66
	21.01
	
	1985
	9.73
	4.29
	14.02

	1949
	9.65
	3.69
	13.34
	
	1986
	12.23
	4.65
	16.88

	1950
	8.94
	7.45
	16.39
	
	1987
	10.53
	4.93
	15.46

	1951
	13.94
	4.24
	18.18
	
	1988
	6.01
	6.97
	12.98

	1952
	9.72
	5.74
	15.46
	
	1989
	9.64
	7.41
	17.05

	1953
	9.2
	7.41
	16.61
	
	1990
	5.44
	6.50
	11.94

	1954
	8.27
	4.28
	12.55
	
	1991
	6.29
	9.67
	15.96

	1955
	6.41
	5.03
	11.44
	
	1992
	8.37
	3.24
	11.61

	1956
	14.11
	6.38
	20.49
	
	1993
	9.66
	6.95
	16.61

	1957
	7.75
	7.69
	15.44
	
	1994
	6.75
	5.33
	12.08

	1958
	11.19
	8.92
	20.11
	
	1995
	11.7
	8.56
	20.26

	1959
	11.71
	4.99
	16.7
	
	1996
	12.73
	6.21
	18.94

	1960
	7.46
	6.28
	13.74
	
	1997
	14.27
	7.02
	21.29

	1961
	10.06
	6.28
	16.34
	
	1998
	8.93
	6.36
	15.29

	1962
	6.71
	7.27
	13.98
	
	1999
	12.65
	4.48
	17.13

	1963
	10.74
	4.25
	14.99
	
	2000
	11.54
	7.41
	18.95

	1964
	7.57
	3.42
	10.99
	
	2001
	10.22
	5.77
	15.99

	1965
	12.4
	3.77
	16.17
	
	2002
	7.86
	4.94
	12.8

	1966
	6.50
	3.65
	10.15
	
	2003
	10.43
	4.99
	15.42

	
	
	
	
	
	2004
	11.45
	7.54
	18.99


Table 3. Ranked winter and spring and early summer and partial crop year 

                precipitation, Columbia Basin Agricultural Research Center-Pendleton, 1930-2004.

	Winter period precipitation (in)
	
	Spring period precipitation (in)
	
	Partial crop year precipitation (in)

	Crop year
	Total
	Crop year
	Total
	
	Crop year
	Total
	Crop year
	Total
	
	Crop year
	Total
	Crop year
	Total

	1977
	3.45
	1985
	9.73
	
	1973
	3.00
	1932
	5.85
	
	1977
	7.64
	1971
	15.60

	1937
	5.20
	1967
	9.94
	
	1968
	3.01
	1974
	5.85
	
	1973
	9.54
	1938
	15.66

	1990
	5.44
	1938
	9.95
	
	1992
	3.24
	1972
	5.87
	
	1968
	9.93
	1969
	15.73

	1988
	6.01
	1961
	10.06
	
	1934
	3.29
	1933
	6.14
	
	1966
	10.15
	1947
	15.93

	1991
	6.29
	1980
	10.12
	
	1964
	3.42
	1996
	6.21
	
	1964
	10.99
	1991
	15.96

	1955
	6.41
	2001
	10.22
	
	1966
	3.65
	1960
	6.28
	
	1955
	11.44
	2001
	15.99

	1966
	6.50
	1976
	10.25
	
	1949
	3.69
	1961
	6.28
	
	1992
	11.61
	1970
	16.00

	1973
	6.54
	1940
	10.36
	
	1975
	3.75
	1998
	6.36
	
	1944
	11.63
	1965
	16.17

	1944
	6.65
	1941
	10.37
	
	1965
	3.77
	1956
	6.38
	
	1990
	11.94
	1961
	16.34

	1962
	6.71
	2003
	10.43
	
	1936
	3.98
	1931
	6.46
	
	1939
	12.08
	1950
	16.39

	1994
	6.75
	1987
	10.53
	
	1939
	3.99
	1990
	6.50
	
	1994
	12.08
	1953
	16.61

	1968
	6.92
	1963
	10.74
	
	1977
	4.19
	1946
	6.74
	
	1934
	12.51
	1993
	16.61

	1960
	7.46
	1969
	10.98
	
	1951
	4.24
	1993
	6.95
	
	1954
	12.55
	1959
	16.70

	1964
	7.57
	1946
	11.03
	
	1963
	4.25
	1988
	6.97
	
	2002
	12.80
	1930
	16.76

	1931
	7.58
	1978
	11.10
	
	1954
	4.28
	1978
	6.98
	
	1975
	12.85
	1986
	16.88

	1933
	7.65
	1958
	11.19
	
	1985
	4.29
	1997
	7.02
	
	1936
	12.93
	1989
	17.05

	1957
	7.75
	1943
	11.23
	
	1970
	4.39
	1962
	7.27
	
	1988
	12.98
	1999
	17.13

	2002
	7.86
	2004
	11.45
	
	1999
	4.48
	1947
	7.37
	
	1935
	13.08
	1946
	17.77

	1971
	7.87
	1984
	11.51
	
	1935
	4.58
	1945
	7.39
	
	1979
	13.27
	1978
	18.08

	1945
	8.05
	2000
	11.54
	
	1967
	4.61
	1953
	7.41
	
	1949
	13.34
	1951
	18.18

	1939
	8.09
	1981
	11.57
	
	1986
	4.65
	1989
	7.41
	
	1960
	13.74
	1980
	18.41

	1954
	8.27
	1970
	11.61
	
	1969
	4.75
	2000
	7.41
	
	1933
	13.79
	1941
	18.80

	1992
	8.37
	1995
	11.70
	
	1940
	4.85
	1950
	7.45
	
	1962
	13.98
	1972
	18.93

	1979
	8.42
	1959
	11.71
	
	1979
	4.85
	1942
	7.53
	
	1985
	14.02
	1996
	18.94

	1935
	8.50
	1930
	11.82
	
	1976
	4.86
	2004
	7.54
	
	1931
	14.04
	2000
	18.95

	1947
	8.56
	1942
	11.86
	
	1987
	4.93
	1981
	7.58
	
	1967
	14.55
	2004
	18.99

	1998
	8.93
	1986
	12.23
	
	1930
	4.94
	1957
	7.69
	
	1937
	14.64
	1982
	19.09

	1950
	8.94
	1948
	12.35
	
	2002
	4.94
	1971
	7.73
	
	1963
	14.99
	1981
	19.15

	1936
	8.95
	1965
	12.40
	
	1944
	4.98
	1943
	8.08
	
	1932
	15.04
	1943
	19.31

	1975
	9.10
	1999
	12.65
	
	1959
	4.99
	1980
	8.29
	
	1976
	15.11
	1942
	19.39

	1932
	9.19
	1996
	12.73
	
	2003
	4.99
	1941
	8.43
	
	1940
	15.21
	1958
	20.11

	1953
	9.20
	1972
	13.06
	
	1955
	5.03
	1995
	8.56
	
	1998
	15.29
	1995
	20.26

	1934
	9.22
	1983
	13.11
	
	1982
	5.13
	1948
	8.66
	
	2003
	15.42
	1956
	20.49

	1989
	9.64
	1951
	13.94
	
	1994
	5.33
	1958
	8.92
	
	1945
	15.44
	1948
	21.01

	1949
	9.65
	1982
	13.96
	
	1938
	5.71
	1983
	9.13
	
	1957
	15.44
	1984
	21.27

	1993
	9.66
	1956
	14.11
	
	1952
	5.74
	1937
	9.44
	
	1952
	15.46
	1997
	21.29

	1952
	9.72
	1997
	14.27
	
	2001
	5.77
	1991
	9.67
	
	1987
	15.46
	1983
	22.24

	 
	 
	1974
	16.56
	
	 
	 
	1984
	9.76
	
	
	
	1974
	22.41


Results and Discussion

A dry winter, such as we experienced in 2004-2005, does not seem to be a good indicator that the following spring will also be dry.  Of the 12 drier than normal winters in our 75-year history, only 4 have indeed been followed by less than normal spring precipitation, and 6 have been followed by normal spring precipitation (Table 4). Only two wetter than normal springs have occurred after a dry winter.  The precipitation pattern observed in the 1937-1938 crop year was unique.  Precipitation during the winter was only 5.20 inches, the second driest on record, while spring and early summer precipitation was 9.44 inches, the third wettest on record.  The total precipitation for the period from September to June was 14.64 inches, only about 1 inch below normal. 
Table 4.  Number of crop years classified by winter and spring period precipitation range.

	
	Number of years

	
	Dry spring
	Normal spring
	Wet spring

	Dry winter
	4
	6
	2

	Normal winter
	7
	36
	8

	Wet winter
	1
	9
	2


A dry winter, however, is a fairly reliable indicator that the final partial crop year precipitation total will be less than normal. Of the 12 drier than normal springs in our history, 8 have resulted in a drier than normal partial crop year, 4 have resulted in a normal partial crop year, and none has led to a wetter than normal partial crop year (Table 5). 

Table 5. Number of crop years classified by winter and total crop year precipitation range.

	
	Number of years

	
	Dry total crop

Year
	Normal total crop

Year
	Wet total crop

Year

	Dry winter
	8
	4
	0

	Normal winter
	4
	38
	9

	Wet winter
	0
	5
	7


It is important to recognize that the data presented in this paper are not a substitute for the long-range weather forecasting tools offered by the National Weather Service and other organizations.  The information presented in this paper is simply a statistical analysis of the 75-year data record at the Pendleton Station of CBARC.

Individuals desiring additional information about weather records at the Pendleton Station are encouraged to visit our website at cbarc.aes.oregonstate.edu and go the weather link.

Conclusions

Cropping decisions in the spring following a dry winter must take into account several factors. The fact that a dry winter has occurred should not in and of itself lead a grower to conclude that spring precipitation will be less than normal. It is quite likely, however, that partial crop year precipitation at the end of June will be less than normal.  Certainly one should consult with the National Weather Service or other weather prediction services to assess the likelihood of specific temperature and moisture patterns during the cropping period. Factors such as stored soil moisture, various government programs, and the benefits that spring cropping can bring to your cropping system should also be considered when planning any spring cropping operation.
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