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Introduction

The Czech Republic, together with USA and Germeamks among the world’s
leading hop Humulus lupulus producers and hop growasgmore than a 1000
years tradition there. The Czech Republic specisiiz¢he cultivation of a
traditional genetic group of very soft aromatic hagdso called Saaz hops, used in
the brewing industry.

The aim of this lecture is to assess the impactiwfate changes on Saaz hop yield
and quality in the Czech Republic and to predidihfeir changes in these variables
in the remainder of the 2Tentury.
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Meteorological and phenological values have beearntdfom the Czech
Hydrometeorological Institute database. Seven melegical and three phenological
stations have been used to create representatie®roktgical and phenological time series
for the whole Czech hop cultivation area.

Data on the area under hop production, average gigddof -acid content of Saaz hops
were obtained from the Hop Growers Union of the @ZRepublic and Hop Research
Institute Saaz.



Earlier onset afffmpphenologicalje

The beginning of flowering of Saaz hops (1891-2008) Temperature increases were

Bars indicate deviations from the average value42%8H filter
has been used to show the underlying trend.

associated with an earlier onset
of hop phenological phases; not
just the beginning of the growing
season but also the interval
between successive phenological
phases was shorter. The
statistical significance of the
earlier flowering (0.172 days/
year, F°=0,29)of Saaz hops i
evident in the period between
1891 and 2008. In 20 of the past
20 years flowering was earlier
than average. The earlier onset of
phenological phases has also
been noted in nearby flood plain
forest-tree species and field crops
in the same period and study
region.

A start date of hop harvests occurring approxinyadedlays earlier corresponded to an increase

of approximately 1C in the April-July temperature.



Yields and quality of Saaz hops

Increasing trend in yields of hops 1891-1960, Ihe statistical significance of the
stagnation in the years 1961-2008. decrease the content oiacids
(0.059 %l/year, R=0,8) of Saaz hops
Is evident in the period between 1954
and 2008.

Bars indicate deviations from the average value4#%8H filter has been used to show the underlying
trend.



Influence of weather on yields and quality of hops

The higher the sum of the average daily air
temperature for April-August, the lower the
content of -acids.

R?=0.29

The higher the precipitation total in
summer (June—August), the higher the R?=0.38
yield.



Simulation yields and quality of hops

The impact of weather conditions on yields and quality of hops were
simulated with crop model CORAC (Mozny, 2006). The model has
been established with the help of data from the Steknik and Zatec
farms (1961-2003). This provides for modelling of yields and content
of -acids from daily met data. The model also takes into account
losses caused by diseases and pests.

sample calculation



Validation of the CORAC model

The validation of the CORAC model was performed atadrom the 1954-2006
periods. Within this period a statistically signdi relationship was found between
the simulated and the actual hops yields£R.73) and the simulated and actual
content of -acids (R = 0.69).



Predicted impact of changed climate on averagedgsa

hop yield and quality

To assess future impacts of climate change the outputs of ECHAM (Max Plank Institute for
Meteorology) HadCM (Hadley Centre Bracknell) and NCAR-PCM (National Center for
Hop -acid hsed projections were based on the
yields content nt three levels of climate system

SRES-scenario Change %Change Change  %Change . . ¢
GCM t/ha (units) air temperature, relative air

2011-2025 B1-LOW NCARP -0.057 -5.85  -0.17 ERzmc conditions were simulated by a
ese data have been used to carry

Al1B1-MED -0.065 -6.5 -0.37 -8.11
HaDCM3

A2-HIGH 0. 6. 0. 15 All models predict a decrease in the yield
ECHAM4 of hops olbetween ~7% fo1 2013-2025,
2026—-2050 by 7-9% and 7-11% for
2051-2100. By 2051-2100 Saaz hop
A1B1-MED 0. 7 0. 17, yields are predicted to decline to 0.91 t/ha,
HaDCM3 a yield more typical of the 1930s. The
content of -acid for the same period is
predicted to be as low as 2.9%, an average
lower than any experienced in the last 50
2051-2100 B1-LOW NCARP -0. 7. -0. -12. years.

2026-2050 B1-LOW NCARP -

A2-HIGH
ECHAM4

A1B1-MED
HaDCM3

A2-HIGH
ECHAM4



Publication of results

research results were published in the impacted journal
Agriculture and Forest Meteorology

discussion in various media showed that an impact
of climate change on the production of hops are
recorded across Europe, is not a local problem of
the Czech Republic



Conclusion

The impact of climate change on the production and quality of Saaz hops will depend on
future weather conditions in the growing season. Our simulations suggest that hops will
be particularly vulnerable to a change in climate. Even with the modest warming so far
experienced yields have stagnated and quality declined. Recorded observations show
an increase in air temperature which is associated with an earlier onset of hop
phenological phases and a shortening of the vegetation period.

Simulations using future climate predict a decline in both yields, of up to 7-10%, and -
acid content, of up to 13—-32%, the latter a major determinant of quality. The
concentration of hop cultivation in a comparatively small region in the Czech Republic
makes it more vulnerable than if the crop were grown in more areas with different
climates. Thus climate change may gradually lead to changes in the regionalization of
hop production. Policy assistance may be necessary for the adaptation of the Czech hop
growing industry to changed climatic conditions.




Thank you for your attention
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