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4.2.2 Europe

Because of the scarcity of grid points in Europe (only 4 lfor GISS, 6 for
GFDL, and 9 for UKMO), and the unavailability of a base map of Europe to use
for the contouﬁng program, the results for Europe are pfesentcd in tabular form
(Tables 4-6), rather than mapped.

The results show negliéible or no milk production déc]ines in Europe under
normal conditions for all three GCMs. Under the GISS scenario of warming
conditions (Table 4), a milk production decline is predicted only for southern
France. This decline is quite small: 32 to 90 kg/season depending on normal
production level, representing approximately a 1% decline in total seasonal milk
production. Under the GFDL warming scenario (Table §), a decline is also
predicted for southern France. Again, this decline is quite small: 11 to 79
kg/season depending on normal production level, representing a .3 to 1% decline
in total seasonal milk production. Under the UKMO warming scenario (Table 6),
notable declines are predicted at three stations in southern Europe, one in Italy
and two in Spain. The declines range from 161 to 844 kg/season depending on
normal production level, representing a 5 to 13% decline in total seasonal milk
production.

4.3 Possible Error in the Milk Production Decline Predictions
The results of the error analysis for milk production decline described in

the methods section are shown in Table 7. Values shown include errors from time



Table 4. Milk Production Decline in Europe

GISS

Decline (kg/season)

Station: Normal Conditions Warming Conditions

1.London, England

normal level (kg/day):
23

0 0
33 0 0
43 0 0
2.Tonsberg, Norway
normal level (kg/day):
\ 23 . 0 0
33 0 0
43 0 0
3.Rhein Main, Germany
normal level (kg/day):
23 0 0
33 0 0
43 0 0

4. Toulouse, France
normal level (kg/day):
23

0 32
33 0 60
43 0 90



Table 5. Milk Production Decline in Europe
GFDL

Decline (kg/season) _

Station: Normal Conditions Warming Conditions

1.Mullingar, Ireland

normal level (kg/day):
23

0 0
33 0 0
43 0 0
2.London, England
normal level (kg/day):
23 0 0
33 0 0
43 0 0
3.Dusseldorf, Germany
normal level (kg/day):
23 0 0
33 0 0
43 0 0
4.Poitiers, France
normal level (kg/day):
23 0 0
33 0 0
43 0 0
5.Bern, Switzerland
-normal level (kg/day):
23 0 0
33 0 0
43 0 0
6.Toulouse, France
-normal level (kg/day):
23 0 11
33 0 45
43 0 79



Table 6. Milk Production Decline in Europe
UKMO

Decline (kg/season)

Station: " Normal Conditions Warming Conditions
1.Inverness, Scotland

normal level (kg/day):

23 0 0
33 0 0
43 0 0
2.Birmingham, England
normal level (kg/day):
23 0 0
33 0 0
43 0 0
3.Gotteborg, Sweden
normal level (kg/day):
23 0 0
33 0 0
43 0 0
4.Hannover, Germany
normal level (kg/day):
23 0 , 0
33 0 0
43 0 0
5.Bourges, France
normal level (kg/day):
23 0 0
33 0 0
43 0 0
6.Muchen, Germany
normal level (kg/day):
23 0 0
33 0 0
43 0 0
7.Bilbao, Spain
normal level (kg/day):
‘ 23 0 161
33 0 275
.43 0 388




Table 6. (Cont.) Milk Production Decline in Europe

UKMO

Decline (kg/season)

Station: Normal Conditions Warming Conditions

8.Rome, Italy
normal level (kg/day):
23

33

43
9.Granada, Spain
normal level (kg/day): -

23

33

43

0
0

234
392
551

391
617
844

£s)

40
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in this study produces heat stress greater than that experienced during unusually
hot periods in the présent climate.

There is also the possibility of an increase in the number of heat waves
under global warming (Mearns et al., 1984). This would lead to even greater'rﬁilk
production declines than are predicted using monthly average temperature
increase values.

The data on the increase of milk production declines under global warming
conditions can also be used to estimate the economic feasibility of evaporative
cooling or air conditioning. This was done for normal summer conditions by Hahn
and Osburn (1969, 1970) who used climatologicql data to compare the increases
in production income with the cost of the improved environments.

4.5 Conception Rate Declines

4.5.1 United States

Conception rate was analyzed and mapped only for the additional
depression in conception rate under global warming summer conditions as
compared with normal summer conditions. The con;:eption rates are given in
terms of percent decline. For example, a 20% decline in conception rate indicates
that if the normal summer conception rate was 60%, under global warming
summer conditions it would be predicted to be 40%. Both the seasonal (May 1 -

September 30) average declines and the maximum rﬁonthly declines were

mapped. Figures 11-13 show the results. o
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The GISS map of seasonal average conception rate decline (Figure 11a) shows
a maximum decline of 20% occurring in the Southeast (Tennessee, Mississippi, and
Arkansas). The GISS map of maximum monthly conception rate decline (Figure
11b) shows a maximum of 32% occurring in this same region. The general pattern
of the decline on the GISS maps is low in the West, and increasing toward the
East/Southeast. Both GISS maps show the entire western United States
experiencing very small (< 4%) conception rate declines. This is partially due to
the scarcity of grid points on the GISS map. In the Southwest, the small
depression of conception rate under global warming conditions may also be a
reflection of the already low conception rates experienced in this region in the
summer.

Under the GFDL scenario of global warming, the maximum seasonal
average conception rate decline is 24% (Figure 12a). This maximum is centered
in .westem Texas and eastern New Mexico. The largest maximum monthly
conception rate decline for GFDL is 30% (Figure 12b), predicted for western
Texas, New Mexico, and southern Colorado. The northwestern United States is
predicted to experience very small (< 4%) seasonal average declines in conception
rate under the GFDL scenario (Figure 12a). This is similar to the results
predicted under the GISS scenario (Figure 11a). However, in contrast to the GISS
results, GFDL predicts considerable (12-24%)‘ seasonal average conception rate
declines in southern California and the Southwest. The general pattern of the

GFDL decline isolines shows an increase from north to south.
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The UKMO scenario of global warming indicates an exceptionally strong
impact on conception rate, with a maximum‘seasonal average conception rate
decline of 36% occurring in Alabama (Figure 13a). There is also a secondary
maximum of 32% occurring in central Texas. The largest maximum monthly
conception rate deciine is 56%, occurring in Iowa (Figure 13b). The general
pattern for the seasonal average decline under the UKMO scenario is an increase
from northwest to southeast. The general pattern for the maximum monthly
decline under the UKMO scenario is quite different, however, showing an increase
toward the central United States. Most of the Midwest, South, and California are
predicted to experience maximum monthly conception rate declines greater than
36% under the UKMO scenario (Figure 13b).

4.5.2 Europe

As for the United States, the conception rate in Europe was analyzed only
for the predicted additional decline in conception rate under global warming
summer conditions as compared with normal summer conditions. Again, because
~ of the scarcity of grid points in Europe, and the unavailability of a base map of
Europe to use for the contouring program, the results for Europe 'arc presented
in tabu]af form (Table 9).

The results from GISS show a conce_ption rate decline occurring only in
southern France. The average seasonal decline at fhis sfatibn is 8% and the

maximum monthly decline is 23%. The GFDL s¢enario predicts seasonal average




Table 9. Conception Rate Decline in Europe

GISS
Station: _ Decline Due to Global Warming (%)
Seasonal Average Maximum Monthly
1.London, England 0 0
2.Tonsberg, Norway 0 0
3.Rhein Main, Germany 0 0
4. Toulouse, France 8 23
GFDL |
Station: Decline Due to Global Warming (%)
Seasonal Average Maximum Monthly
1.Mullingar, Ireland 0o - 0
2.London, England 0 0
- 3.Dusseldorf, Germany 2 6
4.Poitiers, France 2 v 7
5.Bern, Switzerland 1 4

6.Toulouse, France 8 16.



Table 9. (Cont.) Conception Rate Decline in Europe

UKMO
Station: : Decline Due to Global Warming (%)
Seasonal Average Maximum Monthly
l.Invernéss, Scotland 0 | 0
2.Birmingham, England 0 0
3.Gotteborg, Sweden 0 0
4. Hannover, Germany 0 0
5.Bourges, France | 1 3
6.Muchen, Germany 0 0
7.Bilbao, Spain 17 38
8.Rome, Italy 21 27

9.Granada, Spain 29 44
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declines ranging from 0% (United Kingdom) to 8% (southern France). The

GFDL output shows small declines (1-2%) occurring in Germany, Switzerland, and
northern France. The maximum monthly declines in these areas is 4 to 7%. The
maximum monthly decline in southern France is 16%. The results from UKMO
predict minimal or zero declines in the United Kingdom and northern Europe.
However, considerablek declines are predicted for southern Europe. The seasonal
average declines in southern Europe range from 17 to 29%, and the maximum
monthly declines range from 27 to 44%.
4.6 Possible Error in Conception Rate Decline Predictions

The error in the conception rate decline prediction was analyzed only for
time and space uncertainties, since no data were available to indicate the possible
magnitude of error associated with the model itself. From this analysis, the margin
of error for the conception rate decline was found to be + 4%. This is the error
associated with the conception rate prediction under either normal or warming
conditions. However, this study analyzed the difference between the predicted
conception rates, and the validity of this error valﬁe for such an analysis is
uncertain.
4.7 Implications of Conception Rate Decline Results

The decline in conception rate under global warming conditions is
substantial in many locations, particularly the eastern and sbuthem United States,
and southern Europe. Conception rate is important econbmically to dairy farmers.

Low herd conception rate means a fewer calves will be available either for
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marketing or to raise for herd replacements. It also increases the length of the dry
period (time when cow is not producing milk), and thus, reduces herd milk
production levels. Therefore, farmers may find it is economically feasible to
provide extra cooiing measures for their cattle around breeding time (Stott and
Wiersma, 1976). This is especially true in southern Europe (under the UKMO
scenario of global warming), where economic loss from conception rate declines
could be greater than losses from milk production declines under global warming

conditions.
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Chapter V

SUMMARY, CONCLUSIONS, AND DIRECTIONS
FOR FUTURE RESEARCH

5.1 Summary and Conclusions

The direct effects of possible global warming on summer season dairy '
production and reproduction in the United States and Western Europe were
examined in this study. Indirect effects, such as feed availability or quality, were
not considered. The direct effects on milk productidn were modeled using an
algorithm developed by Berry et al. (1964), and validated by Hahn (1969).
Conception rate was modeled using an algorithm developed by Hahn (1981a). |
Three Global Circulation Models, representative of currently available GCMs,
were used to represent three possible scenarios of climate change: (1) the
Goddard Institute for Space Studies scenario (GISS), (2) the Geophysical Fluid
Dynamics Laboratory scenario (GFDL), and (3) the United Kingdom
Meteorological Office scenario (UKMO). The results show milk production and
~ conception rate declines to be the greatest under the UKMO model scenario, and
the least under the GISS model scenario (Table 10). The resulté ‘presented in
Table 10 are an average for all three normal production levels. The results also
show milk production declines to be considerably greater in the United States than

. in Western Europe.
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Table 10. Summary of Results.

Average Summer Season Milk Production Decline (% of Season Total)

Scenario: . Normal Warming Difference
U.S. Europe U.S. Europe U.S. Europe

GISS 1 0 3 <1 2 <1
GFDL 2 0 6 <1 4 <1
UKMO 2 0 9 3 7 3

Average Summer Season Conception Rate Decline (%)
Difference Between Normal and Warming Scenarios

United States Europe
GISS 7 2
GFDL » 11 2
UKMO 18 : 8

The greatest declines in the United States are predicted to occur in the
Southeast and the Southwest. These areas are already accustomed relatively large
summer season milk productiori declines, due to their normally warm summer
-season climate. Thus, the actual impacts of increased production declines may be
greater in other areas, such as the northeastern United Stat_es, the midwestern
United States, and Europe, which are not accustomed to large summer season
| declines. Several areas of maximum or high milk production decline corresbond |
to areas of high dairy cattle concentration in the United States. This indicates the
potential for a notable impact from global warming on summer season productivity
for the overall United States dairy industry. |

Conception rate declines were also gre;ter in the United States than in

Western Europe (Table 10). However, under one global warming scenario
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(UKMO) several stations in southern Europe show considerable seasonal

conception rate declines. Therefore, conception rate decline may have more of

an economic impact in southern Europe than milk production decline.

This study only considered the implications of global warming on dairy

cattle productivity in the summer. During the winter, global warming may have

beneficial consequences, such as reduced feed, fuel, and ventilation costs, which

may counter to some degree the negative impacts experienced during the summer

(Hahn, pers. comm.).

5.2 Directions for Future Research

(M)

)

)

There are several areas that should be focused on in future research.

The economic impacts of milk production and conception rate declines
caused by possible global warming should be examinéd. The economic
feasibility of various heat stréss mitigation measures, such as evaporative
cooling and air conditioning,.can then be determined for different regions.
The benéficial aspects of global warming (winter warming) on dairy
productionvshould also be analyzed, as well as the indirect affects of global
warming on dairy production. X

Higher resolution GCM output, such as is now becoming available for the

GFDL model, should be used to better determine regional differences in

the impacts of global warming on dairy production.

£
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Figure 2. GISS-predicted seasonal (May 1 - September 30) milk production
declines (kg/cow-season) for a normal production level of 23 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCO,).




Figure 3.

GISS-predicted seasonal (May 1 = September 30) milk production
declines (kg/cow-season) for a normal production level of 33 kg/cow-
day: a.) normal (1xCQO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCO,).



Figure 4.

GISS-predicted seasonal (May 1 ; September 30) milk production
declines (kg/cow-season) for a normal production level of 43 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCO,).
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Figure 5. GFDL-predicted seasonal (May 1,- September 30) milk production
declines (kg/cow-season) for a normal production level of 23 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,

and c.) difference (2xCO, - 1xCO,).




Figure 6.

GFDL-predicted seasonal (May 1,- September 30) milk production
declines (kg/cow-season) for a normal production level of 33 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCQO,).
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Figure 7. GFDL-predicted seasonal (May 1,- September 30) milk production
declines (kg/cow-season) for a normal production level of 43 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCQO, - 1xCO,).



Figure 8.

UKMO-predicted seasonal (May 1 - September 30) milk production
declines (kg/cow-season) for a normal production level of 23 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCQ,). '




H@Q

Figure 9.

()QL

UKMO-predicted seasonal (May ] - September 30) milk production
declines (kg/cow-season) for a normal production level of 33 kg/cow-

day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCQO,).



Figure 10.

UKMO-predicted seasonal (May 1 - September 30) milk production
declines (kg/cow-season) for a normal production level of 43 kg/cow-
day: a.) normal (1xCO,) conditions, b.) warming (2xCO,) conditions,
and c.) difference (2xCO, - 1xCQO,).
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Figure 11.  GISS-predicted conception rate declines (%): a.) seasonal
average (May 1 - September 30) and b.) maximum monthly.
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Figure 12.  GFDL-predicted conception rate.declines (%): a.) seasonal
average (May 1 - September 30) and b.) maximum monthly.
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Figure 13.  UKMO-predicted conception rate declines (%): a.) seasonal
average (May 1 - September 30) and b.) maximum monthly.
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