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Abstract: Potential effect of future climate
changes on productivity of selected crops in Po-
land. Future projections of selected climate indi-
ces have been used to assess potential effects of
climate changes on productivity of selected crops
in Poland. CMIP5 global climate models’ results
for the future period (2006-2035) and historical
one (1981-2010) are used in the study. Models
predict decrease in count of days with extreme
low temperatures and increase in count of days
with extreme high temperatures. An increase in
the number of days with very heavy precipitation
is also predicted. Not all climate change effects
have negative impact on crop productivity in Po-
land but all of them confirm requirements to put
into practice mitigation and adaptation strategies
for Poland’s agriculture.

Key words: CMIPS5, climate indices, crop produc-
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INTRODUCTION

Changing climate has a major impact
on the economy and agriculture (IPCC
2014). In the development of various
national strategies from an economic
point of view, it is necessary to consid-
er projected changes of meteorological
parameters. For agricultural production,
weather conditions are the main deter-
mining factor. This will allow for more
accurate determination of the climate
change impact and better planning of
plantings and adaptation of technical so-
lutions to the new conditions (Kundze-
wicz and Kozyra 2011).

The most important research tools of
modern climatology are three-dimen-
sional models of the general circulation
of the atmosphere and ocean or global
climate models (GCMs) which describe
the evolution of the climate system on
global scale. The results of GCMs are
extensively evaluated for the prepara-
tion of the Intergovernmental Panel on
Climate Change (IPCC) assessment re-
ports. Recently published fifth assess-
ment report is based on results of the
fifth phase of the Coupled Model Inter-
comparison Project — CMIP5 (Taylor
etal. 2012). In addition to long-term ex-
periments (until the end of the century),
CMIP5 provided also near-term simu-
lations or decadal predictions (Meehl
et al. 2009) to allow for predicting cli-
mate statistics for times when the initial
climate state may exert some detect-
able influence. This work is based on
results of those experiments and details
on them can be found in publication by
Goddard et al. (2013).

The most important weather factors
directly affecting crop production are:
air and ground temperature, air humidity,
precipitation, solar radiation, and wind.
Each of them has a direct impact on
plant growth resulting from interaction
between these parameters. The purpose
of this work is to evaluate the changes of
selected climate indices in Poland based
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on the decadal predictions, at different
time scales, as well as to demonstrate
spatial differences.

MATERIAL AND METHODS

The investigation is based on the re-
sults of decadal predictions simulated
by six GCM models (Table), each with
six runs, named: rlilpl, r2ilpl, r3ilpl,
rd4ilpl, r5ilpl and r6ilpl (for details
see Taylor et al. 2010). Every run had
different initial conditions, the same in-
itialization method and perturbed phys-
ics. The data have been downloaded
from the Earth System Grid Federation
(ESGF). We analyse annual extremes of
daily maximum and minimum surface
air temperature (7, and T;,) and of
daily precipitation (RR) as simulated
by CMIP5 models in the historical ex-
periment (years 1981-2010) and future
experiments (years 2006-2035) aver-
aged for six runs of every model. Exter-
nal forcing is based on RCP4.5 for the
future. Representative concentrations
pathways (RCPs) are defined by their
total radiative forcing pathway and level
by 2100 (Moss et al. 2010). The forcing
is cumulative measure of anthropogenic
emissions of greenhouse gases (GHGs)
from all sources. RCP4.5 assumes sta-

TABLE. The list of models used in the study

bilization without overshoot pathway to

4.5 W/m? at stabilization after 2100.
Analyses focus on various climate ex-

tremes indices as introduced by the Joint

CCl/CLIVAR/JCOMM Expert Team on

Climate Change Detection and Indices

— ETCCDI (Klein Tank et al. 2009):

1. Frost days: count of days where Ty,
<0°C.

2. Icing days: count of days where 7},,,x
<0°C.

3. Summer days: count of days where
Tinax >25°C.

4. Wet days: count of days where
RR >0 mm.

5. Heavy precipitation days: count of
days where RR >10 mm.

6. Very heavy precipitation days: count
of days where RR >20 mm.

Additionally, the indexes connected with

thermal sensitivity of different species

(Szwejkowski 1999) have been calcu-

lated:

7. Count of days where T},,;, <-25°C.

8. Count of days where T},;, <-20°C.

9. Count of days where T},;, <~15°C.

10.Count of days where T, >10°C.

11.Count of days where T, >15°C.

12.Count of days where T, >20°C.
For every above index mean annual

(or seasonal) changes in future period

relative to historical one were calculated

and presented.

Horizontal resolution ..

Model (longitude * latitude) Origin Reference
CanCM4 2.8125° x 2.7906° Canada Merryfield et al. (2011)
IPSL-CM5A-LR 1.875° x 3.75° France Dufresne et al. (2013)
CNRM-CM5 1.4° x 1.4° France Voldoire et al. (2012)
MIROCS 1.4063° x 1.4008° Japan Watanabe et al. (2010)
MRI-CGCM3 1.1250° x 1.1215° Japan Yukimoto et al. (2012)
MIROC4h 0.5625° x 0.5625° Japan Sakamoto et al. (2013)
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RESULTS AND DISCUSSION about 20 days per year. No significant
difference between the results of the

The results of all analysed models show models with the lowest and the highest
decrease in the number of frost days spatial resolution is found.

(Fig. 1), the smallest in CanCM4 (5-10 Similar results were obtained for ice
days per year), the largest in CNRM, days (Fig. 2). The results of all models
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FIGURE 2. The average annual change in the number of days where 7y, <0°C
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show decrease in the number of ice of the model. Even the model with the
days, from 2-3 days per year (CanCM4, highest spatial resolution does not show
MRI) to up to 12 days per year (IPSL, major differences within the country.

MIROC4). The diversity of results does The change in summer days is a lit-
not depend on the spatial resolution tle different (Fig. 3). For most models, an
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FIGURE 4. The average annual change in the number of days where 7},,;, <-25°C



increase in the number of summer days
is observed, from 10 to even 20 days per
year. Only one model (MRI) shows de-
crease in the number of summer days up
to 5 days per year, but only for the western
part of Poland. For the rest of the country
increase in the number of summer days is
observed, at about 5 days per year.

Different plants respond differently
to harmful phenomena. The degree of
risk is different for each species. Winter-
-seeded plants are exposed to more risks
than plants seeded in spring. Plants seed-
ed in autumn and sometimes even in late
summer are exposed to factors affect-
ing the ability to hibernate, such as too
high temperature in the initial stages of
the vegetation, or too low temperature,
when they are in the anabiosis stage.
Spring plants may have hampered veg-
etation due to both spring drought and
late spring frosts.

One of the major phenomena harm-
ful to plants is the low temperature. The

T 20C CaRCMA
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most resistant to low winter temperature
is the rye. No adverse reaction even when
the temperature drops to about —25°C
(without snow cover, which in most cas-
es acts as a thermal insulator) is found.
In Figure 4 the change in the number of
days with minimum temperature below
—25°C is presented. Each of the analysed
models shows a small decrease in the
number of such days (one day per year
in the analysed period). No major differ-
ences between the results of individual
models are found.

Wheat is more thermally sensitive
than rye and takes temperatures below
—20°C badly (mainly due to the height
of the main stem, closer to the soil sur-
face than for rye). The all models predict
a decrease in the number of such days,
up to 3 days per year (Fig. 5).

The most thermally sensitive are can-
ola and barley. Problems with winter-
ing for these species are observed from
—15°C and below. Models show decrease

FIGURE 5. The average annual change in the number of days where 7},;, <~20°C
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in the number of such days, from 1 to
6 days per year (Fig. 6).

In general, the changes projected by
individual models are similar. The larg-
est change in the number of days with
minimum temperature below the speci-
fied threshold is predicted by CNRM
model, specifically in the eastern part
of the country. This model also shows
the largest variation in the Polish ter-
ritory. The smallest decreases are ob-
served in MIROC4, without significant
spatial variations. It is worth noting that
the model MIROC4 is a model with the
highest spatial resolution.

The survival of wintering depends
not only on thermal conditions in win-
ter. Another important factor is the state
of the plants before they enter anabiosis
stage. The risk increases with both, the
growth delay and excessive growth. The
most sensitive to this factor is rape seed-
ed at the beginning of August. Long and

Tou<15C IPSL
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warm autumn may cause that plants will
form more than four leaf pairs, what sig-
nificantly lowers their ability to survive
the winter.

Figure 7 shows the change in the
number of days with maximum tempera-
ture above 10°C in the autumn. Most of the
models predict an increase in the number
of such days, from 5 to 7 days per year on
average. Only MRI model predicts a de-
crease in the number of such days, about
2 days per year. On the following figures
(Figs 8 and 9) the changes in the number of
days with maximum temperature thresh-
olds above 15 and 20°C are presented for
the autumn as well. In both cases, only
MRI predicts a decrease in the number of
such days, while the other models predict
an increase. This increase, however, is the
smallest for CanCM4 and IPSL (3—4 days
per year for both thresholds), the largest
for MIROCS (about 6 days per year for
both thresholds).
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FIGURE 6. The average annual change in the number of days where 7},;, <~15°C
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FIGURE 7. The average annual change in the number of days where 7}, >10°C for autumn
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FIGURE 8. The average annual change in the number of days where 7}, >15°C for autumn

Winter species are characterized by number of days with minimum tempera-
a gradual loss of thermal proof. Most dan-  tyre below 0°C in the spring (Fig. 10), the
gerous are temperature drops in the spring.  Jowest in CanCM4 (1 day per year), the
The models predict a decrease in the largest for CNRM (8_9 days per year)_
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FIGURE 9. The average annual change in the number of days where Tj,,x >20°C for autumn
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FIGURE 10. The average annual change in the number of days where 7,;, <0°C for spring

Excluding MRI model, the range of good reliability of near-surface air tem-
changes between different models is perature decadal prediction over Europe.
reasonable. This result is supported by Observed exceptional MRI’s behaviour
Corti et al. (2012) who have showed is supported by Miao et al. (2014) who



have found this model simulating the
lowest surface air temperature trend
in 21% century. This may be caused by
one of the lowest among all the CMIP5
models sensitivity of this model (An-
drew 2012).

Another important factor for plant
growth is precipitation. However, even
if the plant needs are met in the annual
amount of rainfall, dangerous are situa-
tions of prolonged drought or excessive
rainfall. The former can be mitigated
by building an appropriate irrigation
infrastructure. Extreme precipitation,
however, causes difficulties in terms of
field work. Even modest but prolonged
rainfall makes it impossible to perform
a number of agricultural operations.

Attention has to be drawn to the phe-
nomenon of water erosion, which causes
significant losses in agricultural produc-
tion. About 20% of the country is under
the risk of this phenomenon. The first
signs of surface erosion are observed

r=imm CanCM4

r>1mm IPSL
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when daily rainfall exceeds 10 mm,
while the strong erosion caused by rain-
fall daily occurs above 20 mm.

The rainfall is more difficult para-
meter for prediction because it is para-
meterized in the numerical models and
the rainfall field is discontinuous. Figure
11 shows the average annual change in
the number of wet days. The model re-
sults differ significantly. IPSL predicts
a decrease in the number of such days,
5 days per year throughout the country,
MRI and MIROC4 from 0 to 5 days.
CanCM4 predicts a decrease of 2—3 days
per year in the northern part of Poland,
while in the southern part an increase is
4 days per year. CNRM and MIROCS5
show the increase in the counts of wet
days from 4 to 8 days in a year.

The changes in the counts of heavy
(Fig. 12) and very heavy (Fig. 13) pre-
cipitation days are different between
models. Some of them predict an in-
crease, the others show an increase.
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m=10mm CNRM

FIGURE 12. The average annual change in the number of days with precipitation >10 mm
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FIGURE 13. The average annual change in the number of days with precipitation >20 mm

CONCLUSIONS

Most recent results of global climate
simulations for Poland showed changes
of climate indices as a result of observed

global temperature increase. Increase of
greenhouse gases (GHG) concentrations
results in decrease of frost and icing
days and days with more extreme low
temperatures and in increase of summer



days and days with more extreme high
temperatures. An increase in the number
of days with very heavy precipitation is
also projected. Future crop production
may be affected by prolonged drought,
lack of snow cover in the winter’s low
temperature periods or spring frost. How-
ever, impacts on the production are more
complicated and depend on interaction
between thermal and water conditions.

Rising demands on food are adding to
pressure on the agriculture which is one
of major contributor to GHG emissions
as well. Since the 1990s agriculture sec-
tor considerably contributed to reduction
of GHG emissions increasing produc-
tion volume at the same period. This was
achieved by switching to cost-effective
practices. On the other hand, in Poland,
share of agriculture in national total
GHG emissions is nearly the same as
in European Union but the agriculture’s
emissions share per domestic gross prod-
uct is nearly twice larger (OECD 2014).
Robust introduction of cost-effective op-
tions could be one of mitigation way in
the country.

Climate adaptation techniques in ag-
riculture can exploit sustainable resource
management allowing concurrently to
achieve higher productivity, improve re-
source-use efficiency and reduce GHG
emission intensity. Presented results pose
challenges for crop production adapta-
tion. One of the ways can be a substitu-
tion of one crop with another (Mariani
2008) or using more efficient irrigation
methods. However, besides thermal con-
ditions and water resources, many other
important factors play a role and all of
them should be integrally considered
like for example solar radiation, nutri-
ent availability or disorders due to weeds
and cryptogams.
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Streszczenie: Potencjalny wplyw przysziych
zmian klimaycznych na produktywnosé¢ upraw wy-
branych roslin w Polsce. W pracy przedstawiono
przyszle projekcje zmian wybranych wskaznikow
klimatycznych, na podstawie ktoérych oceniono
mozliwy wplyw zmian klimatu na produktyw-
no$¢ wybranych roslin. Wykorzystano wyniki sy-
mulacji globalnych modeli klimatycznych CMIP5
dla przysztego (2006-2035) oraz historycznego
okresu (1981-2010). Modele przewiduja spadek
liczby dni z ekstremalnie niskg temperaturg oraz
wzrost liczby dni z ekstremalnie wysoka tempe-
raturg. Przewidywany jest rowniez wzrost dni
z bardzo duzymi wielko$ciami opadu. Nie wszyst-
kie skutki zmian klimatu niosg za sobg negatyw-
ny wplyw na produktywno$¢ upraw w Polsce,
ale wszystkie wymuszaja potrzeb¢ praktycznego
wprowadzenia do polskiego rolnictwa strategii
dostosowawczych i adaptacyjnych.
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