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d	 CCEA Crop/Weather Models for the Great Plains Region

Crop/weather models for oheat have been developed for the Great Plains

region of the United States. The enclosed maps indicate the areal coverage

of the various models for spring (durum and other spring) and winter wheat

(Figures 1 and 2). The given regions are the combination of several

climatic divisions, and many times comprise an entire state.

Data Base

The yield and climatic data base used to derive all of the models but

one is approximately 45 years in length. The yield data, from 1932-1975,

are obtained by aggregating the USDA/SRS estimates of harvested acreage

and production to obtain yields in quintals per harvested hectare for a

given region. The climatic data, from 1931-1975, consist of the NOAA/EDS/

NCC monthly climatic division averages of precipitation and temperature.

These averages are weighted, using acres harvested for 1973, to obtain the

monthly average temperature and total precipitation for a given region. The

data base for the Edwards Plateau model covers the same time period except

in the coastal border and south central districts where only the period

1961-1975 is used. The data are not weighted.

Trend of Yields

A piecewise linear curve is used to model the technology trend. The

year 1955 is assumed to be the approximate time at which wheat yields started

to increase rapidly. This is consistent with the fact that little fertilizer

was applied to wheat in the Great Plaids region prior to the early 1950's.

There is significant evidence that for some regions wheat yields have leveled

off in recent years. For example, Oklahoma yields appear to have rapidly

increased from 1955 to 1960, but have shown little or no increase from 1960
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n	 onward (Figure 3). Therefore, the models use one linear trend up to 1955

and one or more linear trends from 1955-1960.

Climatic Variables

The relationship between wheat yields and certain climatic variables

is known to be non-linear. For example, too little or too much precipita-

tion may be detrimental to wheat yields. In order to approximate this

relationship, the climatic variabl-s are coded in terms of departures from

normal (DFN) and squared departures from normal (SDFN). Here normal is

defined as the long term average of the climatic variable over the entire

length of the historical data base.

For months in which both temperature and precipitation appear to make

important contributions to wheat yields, an aridity index is constructed.

Temperature is converted into potential evapotrans p iration (P.E.T.) using

Thornthwaite's method, which requires only the monthly average temperature

as the climatic input. The index is computed either by subtracting monthly

P.E.T. from monthly precipitation or by dividing monthly precipitation by

monthly P.E.T.

Wheat yields are lowered when the crop is subjected to episodes of hot

dry weather during, the heading stage. The variable "degree days above 900F"

is used during the month or months which most closely approximate the time

of heading in a given region. It is obtained by averaging the degree day

values for several stations within the region. The actual number of degree

days is converted to a stress index (0-1 variable) by defining stress (=1)

to have occurred if the degree day value exceeds a predetermined threshold.

Otherwise, it is assumed that no stress (=0) has occurred.

The write-ups for the various models, listing the variables and

a =	 coefficients, are included at the end of this report. For use in forecasting
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yields throughout the crop season, truncated models are given in which

regression coefficients are estimated using only climatic variables through

a given cut-off point. For example, if the time of truncation is March,

the coefficients are estimated using only the climatic variables through

the month of March.

Note that the variables change among the various models. Since wheat

yields have continued to increase in some states, while apparently leveling

off in others, different choices of trend lines are used to represent the

technology curve. Because of changes in the crop calendar from state to

state, the climatic variables used in the model also may vary.

The Texas Edwards Plateau model uses the combined yield for the

coastal border and south central districts. These yields are separate

independent observations in the same model, Allowance is made for a shift

in yield level between the two combined districts and the Edwards Plateau

district. The response to meteorological inputs is assumed to be the same.
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APPENDIX I

CCEA Great Plains Crop/Weather Models

Region Type of Wheat

1. Badlands (Nebraska/South Dakota) Winter

2. Colorado Winter

3. Kansas Winter

4. Minnesota Spring

5. Montana Winter

6. Montana Spring

7. Nebraska Winter

S. North Dakota oprir.g

9. Oklahoma Winter

10. Panhandle (Oklahoma/Texas) Winter

11. Red River (Minnesota/North Dakota) Spring

12. South Dakota Spring

13. Texas Low Plains Winter

14. Texas Edwards Plateau Winter
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-Î
H ^-1 ^T O ^D ^/1

C .-1 N u'I O r-I
7 Q
H W 0 0 0 0

O
m

m vir
m n N
o 0

m m.0
in ^O

 N ^O

A-6



J V 
O 

0
O

Call
N .-1 O
O

NL
+^	 C
U	 W

• rl	 F U
7+	 tE

N L L
+i	 G 7
q	 4 O

U (A

341 00
U	 v1 ^O

	

tT v1 O ^ N t\ u'I f^ ^	 V1 a0 vl
O rl W V Q\ ri F <"1 O+ O H OW O ^O N ^° tD t'1 O ^D r O r n'1

G	 O+ t •'1 ul O c•'1 H O V O	 0 0 t\C O1 r-I mQ O OOnO tT ^/1N
0 0 0 0 C O O O O r-I NI	 I	 I

n n co to N	 w W
Z t^ 	 O h r-I N .-I t1 t^ r-I O

O Vl O ^O v1 CO N O [1i
0

V ^+l ^Oi0 TIw V V V O cn r-1 O a0 O^ N NM ,e"'. V r-I O, O O O O f^ to v1 M
Ul r 0000 000 O r-I N
7
JJ

CL Ocy •rl V1 vl N N r-I N V D`
r7 L W N V O\ c'1	 r-I	 ^"1

N U
m 

W N d N n O
U la

C)	 m
O ^ V O rl

C N t T 0 N O O W Q` t A
^H ^ o ri O C' O ri t1

H

ii
	

(1111(^I AIA^ lla^^H a^
	 {c,

Jy

r
T
r-1

r-I

G
C

E
C

H	 ttl n ^
tU	 u ^T N
H	 L •y L L C • co

U C Ul U ,^ n
M U Ul U
H U 3 II	 II

U 	 L d H
Crl m 7

3	 4

q
0

? O Z H F
v D	 O W WS+ O O O

t	 c^ NtnV aw

L
1+
N
.a

N
b

C G
O O
s
rJ

T
cu	 L
O	 •.t
L U
co
!V	 C
t+	 E
00	 O

co

N N
T

x
v o

m

to
 L

cu
U U

W U
C
0

r^ a

n
w

o
to

rn ^

W

O N

6 0

> U
N u
q to

w T
v m

w q
v m
q N

N	 CI
a

T t^ vl '-i N
is O
tl	

0 O cn
V O O co

G O O 0H V rl N O
AtU	 ^O O ,-^ O
W

G n ^"1 V
W N V N
H t^ O V
E

^o o ra

H O O O O V rl ri V
m O O O N	 .-i

Nr-I V ^O n O, O O	 ,/1O	 N C1 N F r-I O^Z	 t`'1	 i-I ri

z

wo-z.woP4
g q q m C q

,n o
^n .o	 EE	 w
rn rn E	 >
r-I H E ^	 O
N v1 E	 Cal r'1 ^	 H

,7,	 •UV C-7	 T
J	 u	 m.
mv •G p, p, E E q EC C C	 E E E
O N N? I ^+ N v
U l N U	 U

O	 F F W U U U i+ U
ri ri	 N N N W W
a	 0 N u0 1 F+ L4 O1 N

N v w w c w 
g a

N	 > •rGl •.Gi 7 N N co N 7
> O i-7 i-1 e S. 'x Z Z h

, r OCOO O
N r n^'f ri ri1^ N fT
O N V

M ^O N
07 O ^
ul r N
N J Nn t•'1 M
O N

9

c

O
C1

V

m

r•I
v

m >.

10 Cl w
N Cl O

^ v C
O' 0 O

	

u	 •ri
C L

u m ro

	N t0 	 C
bU'C •O 	 'D

	

S+ l+ u	 i+
m m ro m
^ •a v v
C G C G

	

y N N	 ctl
^ O to to

C1
CO
C
Cl
u
U
d

W
L

N	 u1

I^

r-1
^	 I

to
L O4

O1

S4	 C
U	 C/
i^ N
C N ro

•ri t^ b3 rn
,-I N

C'1 I Hn N ft7
rn t'1 E.-1 01 S+

,-I O
G Z

b ° ro
u b U
N U M
q 

N
N o

q O
q N

N O+^ N S+G b O
CA H N
r{ Q	 )

W	 U•d 	 l

v
u
ttl

Fr
E
J U

N N
O
z u

v

0

0 14 

a

,^ u m
w ,-I

w a

7
O M
l+ G CW d •rl
U q b
u a w

L II '^

11 r m
C 7 NaQru
q

n z b
Z W N

q •rl
q tn ^+

Oc+	 n
zH	 C`

C
	 II

0
	

x
L

6	 M
a
	 G

x
	

v
O H

T
coq

L	 N t'1 ^O	 .0s V rn r-1 U
3+

•-i	 r-I N V
	 C

U
r

A-7

I _ I'



II
d	 `

{• ^ iC

hh
rO1-I
N

L
Q

^? ^T O N N N C^ v N M N r-a (Y] Mh N W (T W O N ^l M N h to N H h
3 1 N h O N W O O M O N O N H N rnh T^t7 (A h •.D W O O N M O N C O M CT ^Q+ , ^ ^ N O r -1 0 0 N 0 0 0 O M (n N^N

I 1O N 0 0 0 0 0 0 0 O C O C H "IH I	 I	 I	 I	 I
aH

h M h M Ot N .O N h ^T tT H rl T
^+ A h O M O N O^ N M h (O C O '-I(U U o] H N	 t%) O h N O W O M trl '-I'O U N hri O O.1MO NO .-I ^t HU ro HAD ON O O NOO 00 tDM ofO ib h N O C O 0 0 0 0 0 0 O H '-Ib 1	 I	 I	 I	 1F	 •-I

ro ro
ai

••	 N

T rl H O N E N O rl h N
tr7	 O

0
z +1

1,
N0 ^'1 t	 h BO O h

h U O N
a a

NO Nr7 (T O 7
^rn ^ tT 0 O 1,m.-I ^O SOHO OhM 00 UI CL•a rl	 I M U tTN ON O O NOO hu'1 J'q C A t O"0000000 O•- I N

Q^ 7 L'.'7 H •O 1J ro
U v G N M U
'L ro (» L
Q G ro 7 T tT N M	 h N ^1 H NH ro •-1 •p a U U .-I	

m	 m
'rl O M m O H h mC.' U	 t0 G H ro M(nC N	 V1	 '-icO (D CO M

G u	 sJ ro ^ vm ^oOOr-I h^
> ro u G hN oMO oM soh ri
o c to
v W u m ^; .oM000OO Or-i of

I U I	 I	 IF m rnQ O
L-7 U	 +.( U

u
ro F

.- 3 U U U v7 r-I tX] tT N C) Ul
'O fn J.i d u'1 N O tT	 O ^7 to (pC [-7 N C)•^ N	 h O O Y1 M Q•L•1 I M E MH	 O[-N I Q CJ t	 (DmCDtD rl O M O O O1wu'f o]	 ^'1.-I h U

H O of L N O	 0 O O H M'> h O N mq II	 Itf. U Ot
^ L L UC U U
U EF U U O 00 61 v, tT ^O6 u u H .0 •O M i0 h 31 0 0.-1 N y W a^ G M v1 m (p W .Y
Cr •ri	 .rl n0 41 ^ t0 W N h d

Ll q U
h N O .T rl h

y 01 Fq L LL to '-I (/1 (NI O O N

3 V v w q  ,q •.a a
^ U A 0

I N rl U O	 O ^Y	 N	 W O (n M e-I h U
toE O	 t+ . 0	 N	 ul	 (^.Q O II t0 .	 .	 .	 .	 .	 . H L

?C z S+ H	 (rt OO O	 -7 M M t0	 U;:] T N O V n Vl	 "	 I M N (p EH Ol 00 z u	 N N Ii
C N O

O C u p y
LL to N E a
N ^-I O	 z	 7	 z z b H U m
U W U	 z z W z z [-, z W W H to tW Ht0 W W g W k, g W q q C) E toN N	 q q to q q N g N C M U O ato O of ro O U G
L W to	 .1 ^

zro 7. h\ W L 7
crn roc o E Ird

N ro 'I	 6U E \ C 30-i G G•N u N H H U v v O' O w C)	 •eiN M H 1^ to M O	 H v UU •ei qtoro G to v G	 Ot	 U U F U bE o ,-i* ro m H	 N N U	 to
to
ro U v•^ U • N LL	 LU U	 nip,:: 'OW

,a N m m u 'o E a, a v E E ^^.	 u 1+
>
Q) a7J iu, j

U

O E	
E

O •H N F u u° + `Ê  I `Ê
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