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Abstract 

An analysis of the 51-year berbage yield series from the Many- 
berries Range Experimental Farm in southeastern Alberta showed 
that there was a slight dependency between current year’s herbage 
yield and previous year’s yield. The analysis showed that the condi- 
tional probability of a below-average yield following a below- 
average yield year was about the same as the unconditional 
probability of having a below-average yield in any given year. The 
conditional probability of an above-average yield following a year 
with a below-average yield was significantly below the uncondi- 
tional probability of having an above-average yield in any year. 
The probability of an above-average yield following a year with an 
above-average yield was significantly greater than the uncondi- 
tional probability. 

There have been numerous studies on the effects of drought on 
vegetation and animal life, a summary of which can be found in 
Hounam et al. (1975). Periodic droughts are part of the rangeland 
environment. Their occurrence can drastically reduce both plant 
and animal populations. In the northern Great Plains, the 1930’s 
drought resulted in severe reductions in plant density and available 
forage (White et al. 1978). Such forage losses complicate the prob- 
lems of range management. These problems are further intensified 
by the unpredictability of occurrence, intensity, and duration of 
drought, Also of importance to range resource managers are the 
carryover or residual effects of drought on forage availability. 

The purpose of this paper was to determine if there was a 
dependency between current and the previous 1 or 2 years’yields. 
Of particular interest was the effect of below-average annual her- 
bage yields on the probability of below-average yields in subse- 
quent years. 

Data Set 

The herbage yield data used in this study were obtained from the 
Manyberries Range Experimental Farm in the mixed prairie 
region (Coupland 1950) of southeastern Alberta. Principal species 
included needle-and-thread (Stipa comata), western wheatgrass 
(Agropyron smithii), blue grama (Bouteloua gracilis), and June- 
grass (Koeleria cristata) (Smoliak 1956). Soils at the study site were 
classified as Brown Chernozemic with a loam texture (Dormaar 
1975). 

Annual yield was measured at peak standing crop as the total 
herbage clipped at ground level. Yield information was available 
for the period 1930 through 1980, with the exception of 1941,1944, 
1945, and 1946. Because a continuous record was desirable for this 
study, yields were estimated for the 4 missing years, using the linear 
relationship between May plus June precipitation and yield given 
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by Smoliak (1956). The time series of annual herbage yields is 
shown in Figure 1. Figure 2. shows the relative frequency of 
exceeding or not exceeding a yield in any given year. The yields 
averaged 388 kg/ ha and ranged from a low of 96 kg/ha in 1961, to a 
high or 924 kg/ha in 1942. Additional information about the 
vegetation on the study site and harvesting methods can be found 
in Smoliak (1956). 

Statistical Analysis 

Standard regression techniques were used to determine the 
linear dependence of the current year’s yield on the 2 previous 
year’s yields, lag I and lag 2 serial correlations, and to test the 
significance of the linear dependence (Chow 1964; Haan 1977). The 
same procedures were used to investigate the linear dependence 
between the current year’s precipitation (August 1 through July 31) 
and the previous 2 year’s precipitation. 

The above analyses indicated that a 3-state Markov chain may 
be used to describe the stochastic process. A Markov chain is a 
stochastic process described by transition probabilities of going 
from one state to another with the property that a given state 
depends on its value at time t-l, and not on how the value at t-l 
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Fig. 1. Annual yields expressed as percent of mean-Manyberries, 
Alberta. 
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Fig. 2. Annual herbage yield exceedence probability cuwe. 

arrived at that state. The transition or conditional probability that 
a process X, at time t is in statej, given that the process is in state a’ at 
time t-l can be written. 

fixt = j 1 Xi-1 =i] 

The unconditional probability, denoted by [Xt =jJ. is the probabil- 
ity that the process will be in statej at time t without any knowledge 
of the state of the system at time t-l. 

The “below-average” state was defined to include all yields less 
than 0.7 of the long-term average yield (n; the “average yield” 
state included yields equal to 0.7 p through 1.3 9, and the above- 
average” state included all yields greater than 1.3 ?. The below- 
average state is somewhat similar to the drought categories 
established by Hurtt (195 1) at Miles City, Montana, where he 
found that drought conditions prevailed when spring and summer 
growing precipitation was less than 0.7 times the average precipita- 
tion for that season. In our study 27% of the yields were in the 
below-average state, 49% in the average state, and 24% in the 
above-average state. 

The conditional and unconditional occurrences for the catego- 
ries shown in Table 2 were tested using the Chi-square test (Ostle 
1963). The occurrences were tested using binomial contingency 
tables and not as a single table. 

Discussion 
The lag 0 and lag 1 cross correlations matrices for crop year 

precipitation and herbage yield are given inTable 1. There is a high 
lag 0 cross correlation (0.76) between herbage yield and precipita- 
tion. The lag 1 cross correlation maxtrix shows a serial correlation 

Table 1. Precipitation and yield, lag 0 and lag 1, cross correlation matrices. 

lag 0 

Precipitation Yield 

Precipitation 
Yield 

Precipitation 
Year (t-l) 

Yield 
Year (t-1) 

1 .oo 0.16 
0.76 1.00 

lag 1 
Precipitation Yield 

year (t) ye= (t) 

0.06 0.22 

0.15 0.32 

of 0.32 in the herbage yield series, which was significant at the 5% 
level; however, the information obtained from the last year’s yields 
only improved the current year’s yield estimates by about 6% as 
determined by multiple regression analyses. There was no serial 
correlation in the precipitation series (0.06). The lag 1 cross corre- 
lation between yields and last year’s precipitation (0.22) was not 
significant at the 5% level. There was no significant lag 2 effects in 
either the herbage series or the precipitation series. 

The data in Table 2 indicated that there is little difference in the 
conditional probability of a below-average yield year following a 
below-average yield year, and the unconditional probability of a 
below-average yield in any given year (0.31 vs. 0.27). However, the 
conditional probability of an average yield year following a below- 
average yield year is somewhat greater than the unconditional 
probability (0.62 vs 0.49). The conditional probability of an above- 
average yield year following a below-average yield year is very 
small; only 0.07 as compared to the unconditional probability of 
0.24. 

Table 2. The transition probabilities matrix’ and the unconditional pro- 
babilities calculated from Manyberries herbage yield data. 

Yield categories Below-average Average Above-average 

7 Below-average 0.31 0.62 0.073 
C Average 0.28 0.56 0.16 
2 Above-average 0.17 0.25’ 0.58’ 
; ____________________~__~-~----__~_-_-~__~__~___~__-_--~___-_-______ 

Unconditional 
Probabilities* .21 .49 .24 

‘This matrix contains the conditional probabilities. They reflect the effects of the 
previous year’s growing conditions on current year’s yield. 

*The unconditional probabilities assume no yield relationship between years and are 
based only on random chance. 
%ignificantly different from the unconditional probability at 20% level. 
%Signiticantly different from the unconditional probability at 10% level. 

&her probabilities can be determined from Table 2. For exam- 
ple, the conditional probability of an average yield year following 
an average yield year is 0.56; the unconditional probability is 0.49. 
The conditional probability of an above-average yield year follow- 
ing an above-average yield year was 0.58, while the unconditional 
probability was only 0.24. 

The probability of an average or above-average yield year fol- 
lowing a below-average yield year is 0.62 plus 0.07, which is 0.69, 
and the unconditional probability of an average or above-average 
yield is 0.49 plus 0.24, which is 0.73. This indicates that a below- 
average yield year reduces the probability of a good yield the next 
year. Also, the probability of an average or above-average yield 
year following an average yield year is 0.56 plus 0.16, which is 0.72, 
and the probability of an average or above-average yield year 
following an above-average yield year is 0.25 plus 0.58, which is 
0.83. This indicates that the probability of a good yield is related to 
the previous year’s yield. 

The probability of a run of 3 consecutive below-average yields is 
0,07. The historical record shows only 2 occurrences of 3 consecu- 
tive below-average yields during the 51 years of record. As can be 
seen in Figure 1, these 2 sequences of below-average yields were 
together in the early 1960’s. The probability of a run of 3 
consecutive above-average yields is 0.14, which is a higher 
probability of above-average yields being in sequence than below- 
average yields. There were 4 sequences during the 51 year series 
where there were 3 years of above-average yields. These sequences 
were in 2 periods, one during the mid 1950’s and the other during 
the late 19605. The above-average yield years in the late 1960’s 
followed the very low yields of the early l%O’s. Because there was 
no dependency between seasonal precipitation, the dependency 
between yields must be associated with factors, such as soil water, 
plant vigor, and other biological factors; but whatever the reasons 
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are, they are contained in the historical series. 
The herbage-yield, frequency curve (Fig. 2) can be used to 

estimate the frequency of expected yields. For example, one can 
expect a yield of up to 5 IO kg/ ha once in 5 years, and a yield of up 
to 640 kg/ ha once in 10 years. The use of Figure 2 with Table 2 can 
give the range manager an idea of expected yields, as well as how 
they are distributed. 

Conclusions 
I. The previous year’s herbage yield has a significant wO.05) 

effect on the current year’s yield with a serial correlation of 0.32; 
however, the past year’s yield added only a small amount of 
information about the current year’s yield. The conditional proba- 
bility of a below-average yield following a year with a below- 
average yield was only slightly higher than the unconditional 
probability (0.3 1 vs. 0.27). However, the probability of having an 
average or below-average yield following a year with below- 
average yields was considerably higher (0.93 vs. 0.76). 

2. There was no significant linear dependence between the cur- 
rent year’s yield and the yield 2 years previous. 

3. The probability of an above-average yield year following an 
above-average yield year was considerably greater than that 
expected due to random chance (0.58 vs. 0.24). 

4. These conclusions were based on data from one location and 
on a data series of only 5 1 years. Caution should be taken when the 
probabilities are used to forecast herbage yields. The transition 

probabilities may be considerably different for other locations. 
However, the tendency for yields to be higher followingaverageor 
above-average years, than following below-average years, proba- 
bly occurs on most range sites. This tendency has potential use in 
determining management decisions. 
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