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Rezumat: [n articol sunt prezentate rezultatele unui studiu dedicat analizei relatiei dintre valorile

temperaturilor si precipitatiilor medii pe durata perioadei de vegetatie si recolta medie la hectar a prin-
cipalelor culturi agricole la intreprinderile de toate categoriile din Republica Moldova in perioada 1981-
2010. S-a stabilit ca productivitatea medie la grdul de toamnd, porumbul pentru boabe, floarea soarelui,
sfecla de zahar si tutun, in perioada 1981-2010, a corelat semnificativ din punct de vedere statistic cu
valorile temperaturilor si precipitatiilor medii pe durata perioadei de vegetatie. Relatiile obtinute au fost
utilizate pentru estimarea impactului potential al schimbarilor climatice proiectate de un ansamblu din
10 modele climatice globale impuse de 3 scenarii de emisii ale gazelor cu efect de sera: SRES A2 (inal-
te), A1B (medii) si BI (reduse), asupra recoltelor anticipate ale principalelor culturi agricole pentru trei
perioade distincte de timp: 2010-2039, 2040-2069 si 2070-2099. In conformitate cu rezultatele obtinute,
in lipsa masurilor de adaptare la schimbarea climei, catre sfarsitul secolului XXI (perioada temporala
2070-2099), in Republica Moldova se anticipeaza o reducere semnificativa a productivitatii principalelor
culturi agricole, variind in functie de scenariul de emisie: intre 49 si 74%, la porumbul pentru boabe; 38
si 71%, la graul de toamna; 11 si 33%, la floarea soarelui; 10 si 20%, la sfecla de zahar, respectiv, intre
9 si 19%, la tutun. Reducerea semnificativa a productivitatii principalelor culturi cerealiere se explica
prin transferul fazelor fenologice critice in perioade de timp cu conditii nefavorabile de temperatura si

umiditate ca urmare a schimbarilor climatice anticipate.
Key words: Crop Yield, Climate Change, Impact Assessment, Statistical Models.

INTRODUCTION

It is now universally accepted
that increased atmospheric con-
centrations of ‘greenhouse gases’
are the main cause of the ongoing
climate change [14] and that the-
se changes are expected to have
important effects on different eco-
nomic sectors (e.g., agriculture,
forestry, energy consumptions, to-
urism, etc.) [16]. Since agricultural
practices are climate-dependent
and yields vary from year to year
depending on climate variability,

the agricultural sector is particularly
exposed to changes in climate. In
Europe, the present climatic trend
indicates that in the northern areas,
climate change may primarily have
positive effects through increases
in productivity and in the range of
species grown [2], while in sou-
thern areas the disadvantages will
predominate with lower harvestable
yields, higher yield variability and a
reduction in suitable areas for tradi-
tional crops [37; 9; 35].

For climate change impact as-
sessment, crop growth models
have been widely used to evalu-

ate crop responses (development,
growth and yield) by combining
future climate conditions, obtained
from General or Regional Circula-
tion Models (GCMs and RCMs, re-
spectively), with the simulation of
CO, physiological effects, derived
from crop experiments [1]. Many of
these impact studies were aimed at
assessing crop development shifts
and yield variations under changes
in mean climate conditions. These
analyses showed that increasing
temperatures generally shortened
the growing period of commercial
crops [15], resulting in a shorter
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time for biomass accumulation. On
the other hand, changes in yields
were not homogeneous and depen-
dent on crop phenology (e.g. sum-
mer and winter crops), crop type
(e.g. C and C plants) or environ-
mental tonditidns (water and nutri-
ent availability) [1; 52; 4; 15; 35].
Other studies stressed that chang-
es in climate variability, as can be
expected in a warmer climate, may
have a more profound effect on
yield than changes in mean climate
[40]. Furthermore, the changes in
the frequency of extreme climatic
events during the more sensitive
growth stages have been recog-
nized as a major yield-determining
factor for some regions in the future
[10; 46]. Temperatures outside the
range of those typically expected
during the growing season may
have severe consequences on
crops, and when occurring during
key development stages they may
have a dramatic impact on final
production, even in case of gener-
ally favorable weather conditions
for the rest of the growing season.
Many studies highlighted the poten-
tial of heat stresses during the an-
thesis stage as a yield reducing fac-
tor [53; 36; 8], while others pointed
out that the joint probability of heat
stress-anthesis is likely to increase
in future scenarios [33; 47; 46; 2].

Statistical models of crop re-
sponses to climate change are the
second method for climate change
impact assessment in agriculture,
based on historical datasets of crop
and climate variables have recently
been used [20; 21; 22; 44; 9; 41; 42]
to address climatic change impacts
on agriculture. This method has the
advantage of being applicable on
large spatial scales, thus facilitating
the quantification of impacts in hu-
man terms such as levels of risk of
hunger [38; 39].

One disadvantage of this meth-
od is the potential to introduce sig-
nificant errors through the lineariza-
tion of the equations for crop yield
[7] and/or the use of monthly data
[13], which may not be able to ac-
count sufficiently for sub seasonal
variability in weather. The validity of
empirical methods may be compro-
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mised when used with data outside
the range for which they were fitted
(e.g., climate change).

This approach can be used for
all crops and all regions, but has
several deficiencies (as acknowl-
edged by the authors): (i) errors in
statistical data of production and
in gridded climate data, and (ii) in
some instances, low weight of cli-
matic factors for the between year
variation in crop yields. Moreover,
statistical models cannot be ex-
trapolated without further assump-
tions to predict production impacts
for future conditions (e.g. higher
temperature than any historical
year, elevated CO, concentration
[50]. Some authors [28], emphasize
three important points that crop
models users should consider in
future work. First, statistical models
represent a very useful, although
imperfect tool for projecting climate
responses, with all three statisti-
cal approaches able to reproduce
some of the key aspects of the sim-
ulated responses to temperature
and precipitation changes. Second,
the relative performance of statisti-
cal models will depend on the re-
sponse in question. Time-series
models appear particularly good at
estimating precipitation responses,
while panel or cross-section meth-
ods appear more reliable for tem-
perature responses. Finally, the
accuracy of statistical approaches
depends on the spatial scale of the
training data and the scale at which
output projections are required. In
general, statistical models appear
to become more appropriate as the
scale of interest becomes broader.
It is also at these broader scales
that climate projections are most
available and reliable, and there-
fore statistical models are likely to
continue to play an important role
in anticipating future impacts of cli-
mate change [28].

Projecting the qualitative con-
sequences for the Republic of
Moldovan agriculture as a result of
global climate change is very diffi-
cult, because of the uncertainty of
variety of natural changes and the
lack of reliable modeling tools as
crop growth models, which need

various input data and a calibration
exercise. First assessment of the
impact of climate change on crop
production in the Republic of Mol-
dova was conducted in the frame
of First National Communication of
the Republic of Moldova under the
UNFCCC [32]. Continuation of re-
searches in this area allowed pro-
jecting the effect of direct exposure
to elevated CO, concentrations in
the atmosphere on a yield of winter
wheat and maize for different time
slices and models [55].

The purpose of our study was:
(i) to examine the statistic-empirical
relationships between observed
mean temperature and precipita-
tion during growing season and
average crop yield, based on yield
data at the Republic of Moldova’s
agricultural enterprises of various
categories; and (ii) to use these
relationships to postulate pos-
sible projections of future changes
in yield of these crops by 2020’s,
2050’s and 2080’s, based on the
projected changes from an ensem-
ble of 10 Global Climate Models
(GCM) for three emission scenarios
of greenhouse gases and aerosols:
SRES A2 (high), A1B (medium) and
B1 (low). Typical winter (Triticum
aestivum L.) and summer crops
(Zea Mays, Helianthus annuus L.,
Beta vulgaris L. and Nicotiana L.)
were considered in this study in or-
der to analyze the specific interac-
tions between the changing climate
and crops having different sea-
sonal growth cycles. The interac-
tions phenology-environment in a
changing climate were highlighted
in order to explain the possible im-
pact on final yield the most vulner-
able cereal crops (winter wheat and
grain maize).

DATA AND METHODS

The assessment of the climate
change impact on agricultural sec-
tor was made based on projections
of changes in temperature and pre-
cipitation received by regionaliza-
tion of global experiments the most
reliable in the Republic of Moldova
10 GCMs for the three SRES A2,
A1B and B1 emission scenarios of
greenhouse gases and aerosols
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(see more information in [51]). To
assess the vulnerability of main ag-
ricultural crops to climate change
was used empirical-statistical ap-
proach linking fluctuations of crops
yields to climate conditions dur-
ing the growing season. Statistical
analysis of the possible impact of
climate change on yield of cereal
(winter wheat and grain maize), oil
(sunflower) and technical (sugar
beet and tobacco) crops was car-
ried out in several steps.

Firstly, according to the statisti-
cal data on productivity at agricul-
tural enterprises of various catego-
ries were constructed linear and
polynomial trends for crop yields
in the Republic of Moldova over
the two distinct time periods: 1961-
1990 (baseline periods) and 1981-
2010 (recent periods). Secondly,
multiple regression equations link-
ing yield variability with average
monthly temperature and precipi-
tation during the agricultural crops
growing season, with the highest
level of statistical significance were
calculated (using the statistical ap-
plication package STATGRAPH-
ICS Centurion and Microsoft Office
Excel). The temperature and pre-
cipitation predictor variables were
selected in conformity with the step
by step regression analysis taking
into account their contribution to
the crops productivity and consecu-
tive analysis of all possible com-
binations to find the most reliable
model. The regression coefficients
of the remaining months revealed,
in what direction and how much the
crops productivity may be modified
in response to changes in the tem-
perature and precipitation of the re-

Table 1

spective month. Finally, the analy-
sis of the impact of future climate
changes, determined by tempera-
ture and precipitation conditions
on the yield of major cereal, oil and
technical crops, without undertaken
any adaptation measures, was car-
ried out according to a recognized
methodological approach [9]. Using
the regression equations relation-
ship in the yield variability of major
agricultural crops with the tempera-
ture and precipitation of the grow-
ing season, there were calculated
projections of future yield changes
in the Republic of Moldova, (%/30
years) according to an ensemble
from 10 GCMs for the three SRES
A2, A1B and B1 emission scenar-
ios, relative to 1981-2010 periods.

RESULTS AND DISCUS-
SIONS

The yield of most crops gener-
ally increased over the past sev-
eral decades. However, in the most
recent decade, yields stagnated
for many crops in various regions,
whereas temperatures have gener-
ally increased. The reasons for this
stagnation are debated, and could
include agricultural policies [12],
climate [23; 5], agronomic and crop
management [5] practices, etc.

According to [54], agricultural
crops productivity is determined by
the level of farming culture, by soil,
climatic and weather conditions.
Following the generally accepted
methodology, we have viewed crop
productivity (Yi) as a sum of two el-
ements:

Y=Y +AY,®

Where Y, (7 is presented via dy-

namic average value, determined

by the rate of farming intensification
and climatic conditions close to av-
erage for many years, and the de-
viation from it AY, Vis explained by
the anomaly of weather conditions
of the latter. In other words, the ten-
dencies of crop productivity depend
on the implementation of scientific
and technical achievements into
practice, increased investment into
technical means, compliance with
the agro technical measures and
crop rotation, improved labor or-
ganization, better use of fertilizers,
modification of varieties used, irri-
gation, etc. These tendencies are
a consequence of gradual improve-
ment in the culture of farming in av-
erage soil and climatic conditions.

The linear trends of major ag-
ricultural crops productivity variabil-
ity on the territory of the Republic of
Moldova (RM) for reference period
(1961-1990) have been character-
ized by a sustainable increase of
crop vyield, by 7.3 g/ha per decade
for winter wheat, 3.5 g/ha per de-
cade for grain maize, 0.9 g/ha per
decade for sunflower and 25.6 q/
ha per decade for sugar beet (Ta-
ble 1; Figure 1). Crop productivity
increased significantly due to the
implementation of intensive tech-
nologies and use of irrigation in the
1981-1990 and has reached the
maximum level — for winter wheat
— 35.0 g/ha; maize for grain — 39.0
g/ha; sunflower — 18.0 g/ha; and
sugar beet — 272.5 g/ha.

Then, in the forthcoming three
decades (1981-2010) there was
a tendency for sharp decrease in
crop productivity by 6.2 g/ha per
decade for winter wheat, 8.3 g/ha
per decade for grain maize, 2.5 q/

YIELD LINEAR TRENDS (QUINTAL/YEAR) OF MAJOR CROPS AND THEIR STATISTICAL SIGNIFICANCE (P-
VALUE) FOR THE THREE OBSERVATION PERIODS IN THE REPUBLIC OF MOLDOVA

1961-1990

Trend

Yield
1981-2010

1991-2010

Trend

p-value Trend p-value

p-value

Winter wheat 0.7288 0.0000 -0.6187 0.0003 -0.6958 0.0297
Grain maize 0.3480 0.0011 -0.8295 0.0000 -1.0674 0.0042
Sunflower 0.0862 0.0123 -0.2598 0.0004 -0.0038 0.9697
Sugar beet 2.5578 0.0090 0.5025 0.6956 0.5025 0.3392
Tobacco - - -0.0687 0.2486 0.0030 0.9774

Note: Bold is used to mark statistically significant values.
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Figure 1: Yield Variability Trends for the Main Crops and Their Coefficients of Determination (R?) for Two Observation
Periods (left - 1961-1990, right - 1981-2010) in the Republic of Moldova
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Table 2

THE INTERRELATIONSHIP OF MAJOR AGRICULTURAL CROPS YIELD VARIABILITY WITH TEMPERA-
TURE AND PRECIPITATION DURING THE VEGETATION PERIOD (1981 - 2010)

Crop Regression equation p — value R%%
= - *T * _ *T 4 * +
Winter wheat (\)/’03;::’5(‘)1,157;”2,27358 T,-260312°T , - 0,815868*T, + 0,0181492"P,, 0.0003 65.26
- ~ P T T o 1
Grain maize (\)/’0111;2,;;3;‘”,2,20195 T,-1,62369*T , - 3,21222*T , + 0,0169456"P,, 0.0002 61.79
- B P T 4 e P
Sunflower (\)/’041‘151,3;3;)?&0,81 7938*T,,, - 0,671806*T, + 0,0242598°P, , - 0,0415422*P, 0.0011 66.36
Sugar beet 5511\’;1655;V; 16,9561*T ,+ 1,09464*P,, + 0,338911*P , + 0,241995*P , + 0.0048 49.92
Tobacco g};;f;:;i; 1,05*T, + 0,0488325"P - 0,0176172*P,,, - 0,0229145*P ,, - 0.0024 53.20

Note: Y - yield, quintal/ha; T - average monthly air temperature, °C; P - average monthly precipitations, mm; with Roman
numerals are noted the corresponding months of vegetation period: since April (IV) to October (X).

ha per decade for sunflower. The
greatest decrease in crop productiv-
ity was observed in the 1991 — 2010
years, for winter wheat reaching the
level of 23.0 g/ha; for grain maize —
19.8 g/ha, while for sunflower — 12.6
g/ha.

The analysis of the data pre-
sented in the Table 2 reveals that
the influence of climatic conditions
during growing season on winter
wheat yield in the 1981-2010 peri-
ods was statistically significant at
99.9% highest level of significance
(p < 0.007). Coefficient of determi-
nation R? shows that the combined
effect of precipitation and tempera-
ture defined about 65.3% of the
variability of average annual pro-
ductivity of winter wheat during this
period. The regression equation
characterizing the interrelation of
agricultural crops (corn, sunflower,
sugar beet and tobacco) yield vari-
ability with the temperature and
precipitations during the vegetation
period, revealed as well a high level
of significance at 99% (p < 0.07).
The combined effect of temperature
and precipitation during the veg-
etation period determined the yield
variability at the level of 66.4 per
cent for sunflower, 61.8 per cent for
corn, 53.2 per cent for tobacco and
49.9 per cent for sugar beet.

Crops are known to be sensi-
tive to various aspects of climate.
Persistently elevated temperatures
have long been known to acceler-
ate progress towards maturity, and
more recently have been shown to

Yield Variability, %

2020s 2050s 2080s
A2 AlB Bl A2 AlB Bl A2 AlB Bl
B Winter wheat -9 -13 -12 -34 -41 -27 -71 -56 -38
B Grain maize -9 -16 -14 -48 -52 -35 -74 -49
[0 Sunflower 4 2 3 -10 -13 -7 -33 21 -11
B Sugar beet 0 -5 -1 -10 -12 -5 -20 -19 -10
B Tobacco -1 -1 0 -8 -10 -6 -19 -14 -9

Figure 2: Projections of Future Changes in Productivity of Major Agricultural
Crops in the Republic of Moldova, (%/30 years) Relative to 1981-2010 Periods,
According to an Ensemble from 10 GCMs for SRES A2, A1B and B1 Emission

scenarios in the XXI century

have a significant impact on leaf
ageing [3; 25]. Crop responses to
shorter periods of high tempera-
ture, particularly when coincident
with flowering, show yield falling
dramatically beyond a threshold
temperature [31]. Maize is particu-
larly sensitive to hot daytime tem-
peratures, with rapid losses when
temperature exceeds 30°C [44;
29]. Crop yields are also sensitive
to precipitation. Quantifying the
relative effect of temperature and
precipitation variability is important
for understanding impacts and de-
veloping adaptation options for fu-
ture climatic changes. As tempera-
tures are projected to significantly

increase over the next few decades
due to continuing anthropogenic
emissions of greenhouse gases,
whereas precipitation changes are
far less certain [18], this suggests
predictability in future crop yields.
In addition, it is likely that temper-
ature will have the largest impact
as the projected changes are far
further outside the range of natu-
ral variability than for precipitation
changes [24], and because of the
seasonal timing of changes in cli-
mate [49]. To effectively guide ad-
aptation to future changes, perhaps
with different crop growing strate-
gies [43] or selective crop breeding
[6], several key questions should

NR. 4(70) AUGUST, 2013 i



be considered [19]. Firstly, can the
relative effects of improved tech-
nology, precipitation variability and
increasing temperatures be quanti-
fied? If so, what is the relative size
of the effects of rainfall and hot
temperatures on yields? And, what
level of technology development
may be required to overcome any
impact of future climatic changes
on yield?

The possible changes in the
yield of major agricultural crops
(winter wheat, grain maize, sun-
flower, sugar beet and tobacco),
due to future climate changes in the
Republic of Moldova, without un-
dertaken any adaptation measures,
is revealed in Figure 2.

As one of the most essential re-
sources to world food supply, wheat
yield is very sensitive to tempera-
ture change [45; 27]. Lobell & Field
(2007) [22], reported about 5.4 %
decrease in global mean wheat
yield per 1°C increase in tempera-
ture, but Asseng et al. (2011) [3]
suggested from model simulations
that an average growing-season
temperature increase by 2°C could
cause 50% grain yield reduction in
Australia because temperatures
more than 34°C stimulate leaf se-
nescence.

SCHIMBAREA CLIMEI

The analysis of the obtained
results revealed that due to the im-
pact of the main climate indicators
(temperature and precipitation) in
the RM, productivity of the winter
wheat by 2020’s could decrease
from 9% (SRES A2) to 12% (SRES
B1). In comparison with the 1981-
2010 time periods, by 2050’s the
crop productivity may decrease in
dependence of the assessed emis-
sion scenario from 27% (SRES B1)
to 34% (SRES A2). The maximum
values of productivity decrease
may be reached by 2080’s. So,
due to changes in values of main
climate indicators — precipitation
and temperature — the productiv-
ity of winter wheat may decrease
from 38% (SRES B1) to 71%
(SRES A2). The sharp decline in
the productivity of winter wheat in
the RM can be explained by a shift
of critical phenological phases in
a more unfavorable period due to
temperature increase. The vegeta-
tion period of winter wheat (start-
ing with temperatures higher than
5°C in spring), according to an en-
semble of 10 GCMs will start in the
RM by 2020’s earlier by 1 - 4 days
(under the SRES A2) and/or by 2
- 6 days (under the SRES B1). By
the 2080’s, the vegetation period

of winter wheat will start earlier by
7-9 days (under the SRES B1) and/
or by 10-13 days (under the SRES
A2), in dependence of the assessed
emission scenario, with a maximum
expected shift in the Central Agro-
Ecological Zone (AEZ).

Change of phenology dura-
tion is an essential factor for wheat
yield. Previous studies had found
that warming will shorten wheat
phenology duration and decrease
wheat yield, mainly due to a shorter
growing period, which decreases
the duration of photosynthesis
and wheat mass accumulation
[53; 17]. The reduction would be
4-7% for each 1°C raised [17] and
more (see example above). Fa-
rooq et al., 2011 [11] have found
that wheat yield would decrease
with maximum temperatures higher
than the optimum temperature in
anthesis and grain-filling stages.
By use of the index ‘sum of effec-
tive temperatures above 5°C’ there
were calculated for winter wheat,
according to an ensemble from 10
GCMs for three SRES A2, A1B and
B1 emission scenarios, the aver-
age initiating date of main develop-
ment phases in the spring-summer
period. Analysis of the data for the
most vulnerable Central AEZ pre-

Table 3

PROJECTIONS ON SHIFTING THE PERIOD OF INITIATION OF PHENOLOGICAL PHASES IN WINTER
WHEAT DEPENDING ON THE SUM OF EFFECTIVE TEMPERATURES ACCORDING TO AN ENSEMBLE
FROM 10 GCMS FOR SRES A2, A1B AND B1 EMISSION SCENARIOS IN THE CENTRAL PART OF THE RE-

PUBLIC OF MOLDOVA

Scenarios

Winter wheat
Sum of effective temperatures above 5°C necessary to initiate the phenological phase

Tiller initiating Jointing Kernel in milk Kernel in dough
(125°C) (455°C) (685°C) (945°C)

1961-1990 24/04 27/05 13/06 30/06
2020’s

A2 20/04 22/05 07/06 24/06

A1B 18/04 20/05 06/06 23/06

B1 18/04 20/05 06/06 23/06
2050’s

A2 15/04 17/05 02/06 18/06

A1B 13/04 16/05 31/05 17/6

B1 15/04 17/05 03/06 19/06
2080’s

A2 10/04 12/05 28/05 12/06

A1B 09/04 10/05 26/04 11/04

B1 14/04 15/05 31/04 18/06

i NR. 4(70) AUGUST, 2013




SCHIMBAREA CLIMEI

Table 4

PROJECTIONS ON SHIFTING THE PERIOD OF INITIATION OF PHENOLOGICAL PHASES IN MAIZE
VARIETIES OF DIFFERENT MATURITY GROUPS DEPENDING ON THE SUM OF EFFECTIVE TEMPERA-
TURES ACCORDING TO AN ENSEMBLE FROM 10 GCMS FOR SRES A2, A1B AND B1 EMISSION SCENAR-
IOS IN THE CENTRAL PART OF THE REPUBLIC OF MOLDOVA

Scenario

Maize varieties of different maturity groups (early, intermediate and late)
Sum of effective temperatures above 10°C necessary to initiate the phenological phase

Germination - tasseling

(320-410°C)

(400-510°C)

(520-660°C)

1961-1990 23/06 02/07 16/07
2020’s
A2 16/06 25/06 08/07
AlB 14/06 23/06 05/07
Bl 14/06 23/06 05/07
2050’s
A2 09/06 18/06 29/06
AlB 06/06 15/06 27/06
Bl 09/06 18/06 03/07
2080’s
A2 01/06 09/06 20/06
AlB 31/05 08/06 20/06
Bl 06/06 15/06 27/06
Scenario Sowing — milky grain
(720-770°C) ( 820-870°C) (880-930°C)
1961-1990 26/07 04/08 09/08
2020’s
A2 17/07 24/07 29/07
AlB 14/07 21/07 26/07
Bl 14/07 22/07 27/07
2050’s
A2 08/07 15/7 19/07
AlB 05/07 12/07 16/07
Bl 09/07 16/07 21/07
2080’s
A2 28/06 04/07 08/07
AlB 28/06 05/07 11/07
Bl 05/07 12/07 17/07
. Sowing — milky dough grain
Scenario (770-820°C) (870-920°C) (970-1020°C)
1961-1990 31/07 08/08 17/08
2020’s
A2 20/07 28/07 05/08
AlB 18/07 26/07 02/08
Bl 18/07 26/07 03/08
2050’s
A2 11/07 18/07 25/07
AlB 09/07 15/07 22/07
Bl 13/07 20/07 27/07
2080’s
A2 01/07 08/07 14/07
AlB 01/07 08/07 15/07
Bl 09/07 16/07 23/07

sented in the table below, revealed
that by 2020’s output in the tiller ini-
tiating phase at winter wheat may
have shifted in average from 4 days
(SRES A2) up to 6 days (SRES B1)

(Table 3). By 2050’s the shift in the
respective phenological phases will
account from 9 days (SRES A2)
up to 11 days (SRES A1B), while
by 2080’s according to the SRES

A2 n A1B emission scenarios the
tiller initiating phase will start by
14 days early the onset of respec-
tive phase in the reference period
(1961-1990).
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According to the projections, by
2020’s the phenological phase of
jointing may come for winter wheat
earlier from 4 days (SRES A2), up
to 7 days (SRES B1). According to
the performed assessment, the hu-
midity conditions in this period will
be close to optimal (HTC=1.0), ac-
cording to L. Taranu (2013) (unpub-
lished data). However, by 2080’s
this shift can already draw from 12
days (SRES B1), up to 15-17 days
(SRES A2 and A1B). Humidity con-
ditions for this period would be suf-
ficient only in accordance with the
SRES B1 low emission scenario
(HTC=1.0), while according the oth-
er two emission scenarios (SRES
A2 and A1B) there will be record-
ed insufficient humidity conditions
(HTC=0.8-0.9), thus the critical
period for jointing at winter wheat
will take place in dryer conditions,
which will impact a sharp decrease
in the productivity.

Lobell & Asner 2003 [23], eva-
luated maize and soybean produc-
tion relative to climatic variation in
the United States, reporting a 17%
reduction in yield for every 1°C rise
in temperature, but this response is
unlikely because the confounding
effect of rainfall was not conside-
red. In a recent evaluation of global
maize production response to both
temperature and rainfall over the
period 1961-2002 [22] reported an
8.3% yield reduction per 1°C rise
in temperature. The analysis of ob-
tained results revealed, that due to
changes in heat and water regime
during the growing season, yield
of grain maize in RM by 2020’s
may decrease from 9-14% (SRES
A2 and B1) to 16% (SRES A1B).
In comparison with the 1981-2010
years, by 2050’s the crop produc-
tivity may decrease in dependence
of the assessed emission scenario
from 35% (SRES B1) to 48-52%
(SRES A2 and A1B). The maximum
values of productivity decrease may
be reached by 2080’s. So, due to
changes in values of main climate
predictor variables — precipitation
and temperature — the productivity
of grain maize may decrease from
49% (SRES B1) to 74% (SRES
A1B). By use of the index ‘sum of
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effective temperatures above 10°C’
there were calculated for maize of
different maturity groups, accord-
ing to an ensemble from 10 GCMs
for three SRES A2, A1B and B1
emission scenarios, the possible
average initiating date of main de-
velopment phases in the spring-
summer period. Analysis of the data
for the most vulnerable Central AEZ
presented in Table 4, revealed that
by 2020’s onset in the germination
- tasseling phase at maize varieties
may have shifted, in dependence
from emission scenario and maturi-
ty group from 7 days (SRES A2) up
to 9 days (SRES B1) for the early
and intermediate; and from 8 days
(SRES A2) up to 11 days (SRES
B1) for late maturity groups. While
by 2080’s, according to SRES B1
n A2 emission scenarios, the ger-
mination - tasseling phase will start
by 17-22 days (for the early and in-
termediate); and by 20-26 days (for
late maturity groups) early the on-
set of respective phase in the refer-
ence period (1961-1990) (Table 4).
In this regard, it is interesting to note
that the actual observed changes in
the occurrence of phenological ger-
mination - tasseling phase of maize
due to the temperature increase
over the last two decades (1991-
2010) were by 5 days, for early and
intermediate, and by 6 days, for late
maturing hybrids.

According to the projections, by
2020’s onset in the sowing — milky
grain phase at maize hybrids may
have shifted, in dependence from
emission scenario and maturity
group from 9 days (SRES A2) up
to 12 days (SRES B1) for the early
maturity group; and from 11 days
(SRES A2) up to 14 days (SRES
B1) for intermediate and late maturi-
ty groups. While by 2080’s, accord-
ing to the SRES B1 n A2 emission
scenarios, the sowing — milky grain
phase will start early the onset of
respective phase in the 1961-1990
period by 21-30 days for the early
maturity group; and by 23-32 days
for late maturity group (Table 4).
The actual observed changes in the
occurrence of phenological sowing
— milky grain phase at maize due to
the temperature increase over past

two decades (1991-2010) were by
7 days for early maturity group and
by 9 days for intermediate and late
maturing hybrids. According to the
projections, in the 2020’s the hu-
midity conditions will be close to
optimal (HTC=1.2) during the sow-
ing — tasseling phenological phase
across all three scenarios for early
and intermediate hybrids, while for
late maturity corn hybrids moisture
conditions will be sufficient only un-
der two emission scenarios: SRES
A2 and B1 (HTC = 1.0).

The next phenological stage
the flowering - milky ripening at
maize will be ongoing in low hu-
midity conditions (HTC=0.9-1.0).
By the 2080’s the humidity condi-
tions would be close to optimal
(HTC=1.0) during the tasseling
phenological stage under SRES
A1B and B1 emission scenarios;
and insufficient (HTC=0.8) for the
SRES A2 high emission scenario.
The subsequent critical phenologi-
cal phases as flowering and milk
grain ripening at maize regardless
of maturity group will take place in
dryer conditions according to high
emission SRES A2 (HTC=0.6)
and medium emission SRES A1B
(HTC=0.8) scenarios; or in insuffi-
cient humidity conditions (HTC=0.9)
under the low emission scenario
SRES B1, which along with an in-
crease of temperatures will reduce
dramatically the crop yield.

By the end of the XXI century,
the cultivation of major cereal crops
such as the winter wheat and maize
will be either impossible accord-
ing to the SRES A2 high emission
scenario or economically not cost
effective according to the SRES
A1B medium and SRES B1 low
emission scenarios (Figure 2), due
to changes in climatic conditions,
without adaptation measures (if
maintaining the current cultivation
technologies and used varieties) in
the Republic of Moldova.

For oil crop such as sunflower,
which is relatively drought-resistant,
there are projected more favorable
climate conditions during the grow-
ing season than for cereal crops:
winter wheat and grain maize.
Slight increase in productivity by
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2-4% it is possible for sunflower in
the 2020’s, which will be replaced
in the future with consecutive de-
cline in yield. By 2050’s, the most
severe decrease in productivity
by 10-13% is projected under the
SRES A2 high and SRES A1B me-
dium emission scenario. While un-
der the SRES B1 low emission sce-
nario the projection is more favor-
able, it is expected a decrease of
productivity only by 7%. In 2080’s,
the most severe yield reduction
for sunflower in the RM will be ob-
served according to SRES A2 high
emission scenario - by 33%, while
for SRES B1 low emission scenario
the forecast is more favorable — a
decrease by 11% (Figure 2).

For sugar beet by 2020’s, when
assessing the combined effect of
temperature and precipitation dur-
ing the growing season, it is expect-
ed a decrease in productivity by
1-5% under two assessed emission
scenarios SRES B1 and A1B. By
2050’s, there will persisting the de-
creasing trend in productivity due to
climate changes. The most severe
decrease in productivity, by 10-
12% is predicted under the SRES
A1B medium and A2 high emission
scenario. While under the SRES
B1 low emission scenario the pro-
jection is more favorable, it is pre-
dicted a decrease of productivity
only by 5%. In 2080’s, the most se-
vere yield reduction for sugar beet
in the RM will be observed accord-
ing to SRES A2 high emission sce-
nario — by 20%, while for SRES B1
low emission scenario the forecast
is more favorable — a decrease by
10% (Figure 2).

For other high added value
technical crop — tobacco, similar
changes are expected: a slight de-
crease in the yield by 1%, according
to the SRES A2 and A1B scenarios
in the 2020’s. By 2050’s, there will
persisting the decreasing trend in
productivity due to climate chang-
es. The most severe decrease in
productivity, by 8-10% is predicted
under the SRES A1B medium and
SRES A2 high emission scenari-
os. While under the SRES B1 low
emission scenario the projection is
more favorable, it is predicted a de-

crease of productivity only by 6%.
In 2080’s, the most severe yield re-
duction for sugar beet in the RM wiill
be observed according to SRES A2
high emission scenario — by 19%,
while for SRES B1 low emission
scenario the forecast is more favor-
able — a decrease by 9% (Figure 2).

In this paper, relationships be-
tween observed mean temperature
and precipitation during growing
season and average crop Yyield
based on statistical data at the Re-
public of Moldova'’s agricultural en-
terprises of various categories are
explored and then used to estimate
potential impacts of climate change
scenarios on anticipated average
yields for the 2020’s, 2050’s and
2080’s time periods. Average yields
of winter wheat, grain maize, sun-
flower, sugar beet and tobacco in
the 1981-2010 years were highly
correlated with precipitation and
temperature during the growing
period. Based on range of avail-
able temperature and precipitation
climatic conditions during the veg-
etation period projected by an en-
semble from 10 GCMs for SRES
A2 (high), A1B (medium) and B1
(low) emissions scenarios average
agricultural crop yields achievable
in the Republic of Moldova could
decrease by about 59 to 87% for
grain maize; 38 to 71% for winter
wheat; 11 to 33% for sunflower, 10
to 20% for sugar beet; and 9 to 19%
for tobacco by 2080’s, not including
the direct effect of increased at-
mospheric CO, concentration, ad-
vances in plant breading and crop
production practices or changes in
the impacts of weeds, insects and
diseases on yield. The sharp de-
cline in the productivity of cereal
crops can be explained by a shift
of critical phenological phases in
the more unfavorable humidity and
temperature conditions due to cli-
mate change.

CONCLUSIONS
The impact assessment per-
formed allow conclude that the
negative effect of global warming,
according to an ensemble from 10
GCMs for SRES A2 (high), A1B
(medium) and B1(low) emission

scenarios in the XXI century will
not be offset by increase of pre-
cipitations. In these circumstances,
without undertaken any adapta-
tion measures it can be expected
by 2080’s: a significant drop in the
productivity for grain maize from
49% (SRES B1) to 74% (SRES
A1B) and winter wheat from 38%
(SRES B1) to 71% (SRES A2); a
medium drop in the productivity for
sunflower from 11% (SRES B1) to
33% (SRES A2), respectively for
sugar beet from 10% (SRES B1) to
20% (SRES A2); and for tobacco
from 9% (SRES B1) to 19% (SRES
A2), in comparison with the aver-
age productivity of the Republic of
Moldova’s major agricultural crops
in the most recent period of 1981-
2010.
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