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Rezumat: [n articol este prezentat un set de indici agroclimatici, precum: prima (FFD) si ultima
(LED) zi cu inghey; perioadele cu inghet (FP) si fara inghet (FFP); inceputul (GSS ; .., sfarsitul
(LGS ; ,, |5-0) §i durata sezonului de vegetatie (GSE o) cu temperaturi medii ale aerului (T 2 peste
5°C, 10°C 5i 15°C; zile cu temperaturi active (AGDD . | . ) si efective (EGDD . . ), caracterizand condi-
tiile termice ale perioadei de vegetatie a diferitelor grupuri de culturilor agricole pe teritoriul Republicii
Moldova pentru trei zone agroecologice (ZAE), calculati in baza datelor climaterice zilnice, pentru peri-
oada de referinta (1961-1990) si perioada de clima recenta (1991-2010), precum §i pentru prospectiunile
de viitor: perioade a cate 30 ani din secolul XXI (anii 2020°: perioada temporala 2010-2039; anii 2050°:
perioada temporala 2040-2069 si anii 2080°: perioada temporala 2070-2099), conform unui ansamblu
din 10 modele climatice globale impuse de trei scenarii de emisii ale gazelor cu efect de sera SRES A2,
AIB si Bl. Rezultatele obtinute permit sa concluzionam, ca ca urmare a schimbarilor climatice, este
anticipata o majorare semnificativa a duratei sezonului de vegetatie si a resurselor termice disponibile.
Temperaturile extreme pe durata sezonului de iarnd vor afecta mai putin culturile agricole, iar perioada
cu zile fara inghet va fi mai lunga. Rezultatele obtinute pot fi utile pentru procesul de elaborare a strategi-
ilor si planurilor de actiuni nationale si regionale privind adaptarea la schimbarile climatice a sectorului
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agricol al Republicii Moldova, la moment in proces de dezvoltare.
Key words: Agroclimatic indices, climate change, frost free period, length of growing season,

growing degree days.

INTRODUCTION

Climate change is expected
to affect both regional and global
food production through changes
in overall agroclimatic conditions
[1-2]. The observed warming trend
throughout Europe (+0.90°C from
1901 to 2005) is well established [3];
According to Alcamo et al. (2007),
the effects of climate change and
increased atmospheric CO, levels
by 2050 are expected to lead to
small increases in European crop
productivity, but temperature in-
creases greater than approximately
2°C would likely lead to declines in
the yields of many crops [4]. Several
climate projections for 2050 exceed
this 2°C threshold [5; 6]. Although
different studies have resulted in
different projections, all agree on a
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consistent spatial distribution of the
effects, leading to the need for the
regionalization of adaptation policy
[7-9]. The projected increase in ex-
treme weather events (e.g. periods
of high temperature and droughts]
over at least some parts of Europe
is predicted to increase yield vari-
ability [10-14]. Technological devel-
opment (e.g. new crop varieties and
improved cropping practices) could
ameliorate the effects of climate
change [15-16]. However, there is
evidence of a slowing rate of yield
growth, either due to the closing of
the yield gap between realized and
potential yields [15;17-18], or due
to policies such as stricter envi-
ronmental regulation [19]. To date,
there have been a limited number
of reports [20-21] dealing with the

changes expected in agroclimatic
parameters at the pan-European
scale, and many of these are re-
view articles [12; 22-23]. Most stud-
ies of climate change impacts on
crop yields apply either statistical
models [24] or process-based crop
simulation models [25-27]. Most
process-based models are also ca-
pable of simulating, in addition, ef-
fects of enhanced CO, concentra-
tion and management practices on
biomass, seed yields and water use
of crops [28-30]. However, even the
more complex process based crop
simulation models cannot take all
important interactions between the
environment and management into
account, such as effects of heavy
rainfall on harvested yield. Neither
do they include all interactions
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between genotype and environ-
ment such as yield reduction due
to weather-induced pest and/or
disease occurrence. On the other
hand, crop growth simulation is the
only meaningful practical way for
analyzing the interactions between
the many options of combining dif-
ferent crop cultivars with diverse
management practices under a
wide range of possible new envi-
ronmental conditions [25, 31-33].
Usually, crop-climate models do
not cover all important crops and
soils in a region. For this reason,
agroclimatic indices approaches
are sometimes applied to provide a
more comprehensive picture of the
agroclimate conditions for larger
areas and its shifts under climate
change [1; 21; 34-36]. The main
objective of this work was: (i) to de-
velop a set of temperature — based
agroclimatic indices that will be
used for assessment of temporal
and spatial changes in the Repub-
lic of Moldova’s agroclimatic condi-
tions due to climate change; and
(i) to evaluate how the tempera-
ture — based agroclimatic indices
is likely to change in time (by the
2020s, 2050s, 2080s) and space
(Northern, Central and Southern

Agro - Ecological Zones) under
an ensemble of 10 GCM for three
SRES A2 (high), A1B (medium) and
B1 (low) emission scenarios.

DATA AND METHODS

In this study, thermal agro-cli-
matic indices were calculated from
30-yr daily climatic observed data
for a baseline period 1961-1990,
current climate 1991-2010 and
for three future 30-yr time periods
(2020s, 2050s and 2080s) based
on projections of changes in tem-
perature received by regionaliza-
tion of global experiments the most
reliable in the Republic of Moldova
(RM) 10 GCMs for three SRES A2,
A1B and B1 emission scenarios of
greenhouse gases and aerosols
[see more in Taranu et al., 2012].
In the Table 1 are presented the
definitions of the agro-climatic in-
dices analyzed in this study. In the
case of frost-based indices, the first
frost day (FFD) and last frost day
(LFD), the frost period (FP) and
the number of frost days (NFD),
we used the 0°C thresholds. Pro-
ducers traditionally determine the
actual length of a growing season
and the suitable dates for planting
and harvesting field crops by the

number of frost-free days (FFP),
which include period between the
date of the last spring frost (LFD),
and the date of the first fall frost
(FFD), respectively. A day with av-
erage temperature above than 0°C
is considered a frost-free day, as
frost often occurs when daily aver-
age temperature is below 0°C. The
length of the growing season (LGS)
is another widely used index. In
general, the 5°C mean temperature
(T,,,) threshold is widely accepted
for determining the thermal growing
season, in particular for mid and
high latitudes [37 - 39]. In our study,
LGS ; ,, 15 is defined as the pe-
riod from the growing season start
(GSS ; ,; 1sc) to the growing sea-
son end (GSE). The GSS ; || ;.
is the earliest date of series of days
with the mean daily air temperature
= 5, 10 and 15°C that is the begin-
ning of such cumulated series of
daily mean temperature deviations
from the threshold value of 5, 10
and 15°C that do not have nega-
tive values up to the end of the first
6 month of the year. The GSE ;
15 IN @ given year is a day directly
preceding the earliest date after the
beginning of GSE of a se-

. X 5, 10, 15°C X :
ries of days with the mean daily air

Table 1
THE DEFINITIONS OF AGRO-CLIMATIC INDICES HAVE BEEN USED IN THE ASSESSMENT
Indices Abbreviation Definition Unit
Last frost day LFD Date of last spring frost Date
First frost day FFD Date of first autumn frost Date
Frost period FP Number of days between FFD and LDF Date
Frost - free period FFP Number of days between LDF and FFD Days
The earliest date of series of days with the mean daily air temperature of
. > 5, 10 and 15°C that is the beginning of such cumulated series of daily
Start of Growing -
Season GSS 5,10, 15°C mean temperature deviations from the threshold value of 5, 10 and 15°C | Date
that do not have negative values up to the end of the first 6 month of the
year.
A day directly preceding the earliest date after the beginning of GSE
End of Growing 10, 15:c Of @ series of days .WI’[.h the mean daily air temp(.erature of <5,10
Season GSE ; 1o 15 and 15°C that is the beginning of such cumulated series of daily mean | Date
temperature deviations from the threshold value of 5, 10 and 15°C that do
not have positive values up to the end of a year.
;Zr;i?nd Growing |, 55 soiwc |Number of days between GSS , ,; 1seand GSE , 11 1uc Days
Active Growing AGDD 5 1 Accumulated sum of temperature degrees above 5°C and 10°C °C
Degree Days
Effective Growing EGDD ; 0 Accumulated sum of temperature degrees above 5°C and 10°C minus T °c
Degree Days base
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temperature < 5, 10 and 15°C that
is the beginning of such cumulated
series of daily mean temperature
deviations from the threshold value
of 5, 10 and 15°C that do not have
positive values up to the end of a
year. The definition of LGS ; || ¢
is particularly relevant for measur-
ing change of agricultural environ-
ment. Crops grow when the daily
T, is above a given temperature
threshold, varying according to the
specie and its phenological state.
Different indices are used to quanti-
fy that process. The active growing
degree day (AGDD , ,..) and effec-
tive growing degree day (EGDD
10:c) Nas been used to assist in se-
lections of crops and hybrids to as-
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(5, 10°C) for initiation and termi-
nation of growth for different crop
types.

The EGDD T, for three differ-
ent temperature thresholds or base
temperature T, (5 and 10°C) was
computed according to:

EGDDr, = ) (Tavg = Ts)
k=1

Where n is the number of days
in a given growing season, T_ is
the daily average temperature from
the start (GSS ; ;) to the end
(GSE ; ) Of the growing season
and T, is the cardinal temperature

5 and 10°C for initiation and termi-

from 14 days (according to the sce-
nario B1) to 17 days (under A2) to
in the Northern AEZ (Table 2).

In the Central and Southern
AEZs the duration of the FP will
decrease in both scenarios for 9-11
days, respectively. To be noted, that
actually observed decrease for FP
over the last two decades (1991-
2010) was for the Northern AEZ \
-18, for the Central AEZs \ -14, and
for the Southern AEZs \-11 days,
compared to baseline climate. By
the end of 2080s, duration of the FP
in the Central and Southern AEZs
will decrease significantly from 44-
56 days (B1) to 71-75 days (A2).
The lowest decrease is expected
in the Northern AEZ from 33 to 68

sure the selected crops will achieve nation of growth for different crop  days (Table 2).
maximum growth at the time they types. There is no accumulation in Growing season and frost
reach maturity and potential yield. EGDD if Tavg <T,. free period

The AGDD ., for two different tem-
perature thresholds (5 and 10°C)
was computed according to:

AGDDr, = ) Tyyg
=

1

where n is the number of days
in a given growing season, T, is
the daily average temperature from
the start (GSS ) to the end

(GSE

5, 10°C
) of the growing season

RESULTS AND DISCUSSIONS

Frost indices

In the future RM’s climate due
to the FFD delay and earliest oc-
currence of LFD can be expected
a substantial decrease in the FP.
The duration of the FP with tem-
peratures below 0°C for baseline
climate have been varied from 105
days in the north of the country to
83 days in the south. As a result of
climate change by the 2020s the

In the future RM’s climate due
to the earlier start of spring and au-
tumn elongation can be expected a
substantial increase in the FFP (Ta-
ble 3). The duration of the FFP with
temperatures above 0°C for base-
line climate have been varied from
260 days in the north of the country
to 282 days in the south. As a result
of climate change by the 2020s the
duration of the FFP may increase
from 14 days (according to the sce-
nario B1) to 17 days (under A2) to

5, 10°C
and T, is the cardinal temperature  duration of the FP may decrease in the Northern AEZ. In the Central
Table 2
ProJecTeD ENsemBLE CHANGES ofF THE FFD 00c? LFD 0C DaTtes AND FP wHEN AVERAGE DAILY AIR TEMPERATURE IS

BeLow 0°C (DAvs) For SRES A2, A1B anp B1 EmissioN ScenARIos To THE 1961-1990 CLimaToLoGICAL BASELINE PERIOD

IN XXI CENTURY

AEZ A2 A1B B1
FFD | LFD | FP(+-) FFD | LFD | FP(+/) FFD | LFD | FP(+/)
2020s
Northern 10112 | 08/03 17 06/12 07/03 -14 06/12 07/03 -14
Central 15/12 | 01/03 -9 18/12 29/02 12 17/12 01/03 -11
Southern 14/12 | 27/02 -9 16/12 26/02 -11 14/12 27/02 -10
2050s
Northern 15/12 | 01/03 -41 15/12 27/02 -31 08/12 05/03 -21
Central 3112 | 18/02 -36 01/01 13/02 -42 24/03 15/02 -30
Southern 3112 | 07/02 -45 30/12 06/02 -44 25/12 14/02 -32
2050s
Northern 04/01 15/02 -68 24/12 17/02 -57 16/12 27/02 -33
Central 07/01 | 24/01 -75 06/01 28/01 -71 01/01 15/02 -44
Southern 07/01 | 23/01 -71 07/01 31/01 -67 01/01 15/02 -56

Note. The observed mean for baseline period 1961-1990: the FFD ., date - Briceni (30/11); Chisinau (10/12); Cahul
(09/12); the LFD .., date Briceni (16/03); Chisinau (06/03); Cahul (03/03); FP length of the period with the average daily air
temperature is below 0°C, days - Briceni (105); Chisinau (85); Cahul (83).
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Table 3

PRroJecTED ENSEMBLE CHANGES OF THE LSF

FFD
SION ScENARIOS TO THE 1961-1990 CrLimaToLoGIcAL BASELINE PERIOD IN XXI CENTURY

0°c? 0°c?

(DAates) anp FFP (Davs) ForR SRES A2, A1B ano B1 Ewmi -

N A2 A1B B1
LSF,. | FFD,. | FFP(+-) | LSF,.. | FFD, | FFP(+-) | LSF,. | FFD,. | FFP(+/-)
2020s
Northern 08/03 10/12 +17 07/03 06/12 +15 07/03 06/12 +14
Central 01/03 15/12 +9 29/02 18/12 +12 01/03 17/12 +11
Southern 27/02 14/12 +9 26/02 16/12 +11 27/02 14/12 +10
2050s
Northern 01/03 15/12 +41 27/02 15/12 +31 05/03 08/12 +21
Central 18/02 31/12 +36 13/02 01/01 +42 15/02 24/03 +30
Southern 07/02 31/12 +45 06/02 30/12 +44 14/02 25/12 +32
2080s
Northern 15/02 04/01 +68 17/02 24/12 +57 27/02 16/12 +33
Central 24/01 07/01 +75 28/01 06/01 +71 15/02 01/01 +44
Southern 23/01 07/01 +71 31/01 07/01 +67 15/02 01/01 +56

Note. The observed mean for baseline period 1961-1990: the LFD

(03/03); the FFD

0°c’

0°c’

temperature is above 0°C, days - Briceni (260); Chisinau (280); Cahul (282).

and Southern AEZs the duration of
the FFP will increase in both sce-
narios for 9-11 days, respectively.
To be noted, that actually ob-
served growth for FFP over the
last two decades (1991-2010) was
for the Northern AEZ ~+18, for the
Central AEZs ~7+14, and for the
Southern AEZs ~+11 days, com-
pared to baseline climate. By the
end of 2080s, duration of the FFP in
the Central and Southern AEZs will
increase significantly from 44-56
days (B1) to 71-75 days (A2). The
lowest growth is expected in the

Table 4

ProJecTeD ENSEMBLE CHANGES oF THE GSS

Northern AEZ from 33 to 68 days
(Table 3).

The LGS ... for basic climate
varies from 222 days in the north
of the country up to 236 days in
the south. Analysis of the data pre-
sented in the Table 4, shows that
the LGS ... will elongate, and its in-
crease in the 2020s for the Northern
and Southern AEZs can be from a
week (A2) up to 5-9 days (B1), re-
spectively. In the central region the
duration of the growing season will
increase in both scenarios, by 12
days. In fact, the observed changes

5°C?

date - Briceni (16/03); Chisinau (06/03); Cahul
date - Briceni (30/11); Chisinau (10/12); Cahul (09/12); FFP length of the period with the average daily air

in the duration of the LGS . over
the last 20 years were as follows: \
-2 days in the Northern, » +3 days
in Central, and » +8 days in South-
ern AEZs. By the end of the 21th
century the LGS . will increase
substantially from 14-21(B1) to 30-
32 (A2) days in the Northern and
Southern AEZs. The tendency to
maximum increase of the LGS _,.in
the Central region will persist, and
by the 2080’s is expected that such
periods will be 24-36 days longer.
For all agro-ecological zones
by the end of the century the LGS

GSE .. (Dates) anp LGS . (Davs) ForR SRES A2, A1B ano B1

EmissioN ScenARIOs To THE 1961-1990 CLimaToLocicAL BASELINE PERIOD IN XXI CENTURY

AEZ A2 A1B B1
GSS 5°C | GSE 5°C | (+/-) GSS 5C | GSE 5C | (+-) GSS 5°C | GSE 5C | (+/-)
2020s
Northern 25/03 08/11 +7 25/03 07/11 +6 26/03 07/11 +5
Central 22/03 18/11 +12 21/03 18/11 +13 20/03 17/11 +12
Southern 21/03 18/11 +7 19/03 20/1 +11 20/03 18/11 +9
2050s
Northern 22/03 14/11 +16 22/03 13/1 +16 23/03 10/11 +11
Central 19/03 23/1 +19 16/03 25/1 +24 19/03 21/1 +19
Southern 17/03 25/11 +13 14/03 271 +22 17/03 231 +16
2080s
Northern 17/03 2511 +32 18/03 18/11 +25 22/03 12/11 +14
Central 13/03 04/12 +36 08/03 30/11 +37 17/03 25/11 +24
Southern 12/03 02/12 +30 10/03 28/11 +28 15/03 26/11 +21

Note. The observed mean for baseline period 1961-1990: the GSS ..., dates - Briceni (29/03); Chisinau
(26/03); Cahul (22/03); the GSE
ceni (222); Chisinau (231); Cahul (236).

5°C’

dates - Briceni (05/11); Chisinau (11/11); Cahul (12/11); LGS

5°C’

days - Bri-

NR. 5(71) OCTOMBRIE, 2013



Table 5

ProJecTeD ENSEMBLE CHANGES oF THE GSS
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GSE

10°C
EmissioN SceNARIOS RELATIVE To THE 1961-1990 CrLimAToLoGicAL BASELINE PerIoD IN XXI CENTURY

(DATES) AND LGS

10°C ?

(Davs) For SRES A2, A1B anp B1

10°C

AEZ A2 A1B B1
GSS,.. | GSE, | (+-) |GSS,. | GSE, | (+) | GSS, [ GSE, | (+
2020s
Northern 18/04 16/10 +10 20/04 15/10 +7 20/04 15/10 +7
Central 04/04 21/10 +21 02/04 22/10 +23 03/04 21/10 +23
Southern 05/04 23/10 +21 04/04 23/10 +21 03/04 23/10 +22
2050s
Northern 11/04 20/10 +20 08/04 19/10 +24 13/04 17/10 +16
Central 31/03 25/10 +28 30/03 27/10 +33 31/03 25/10 +29
Southern 31/03 29/10 +31 29/03 29/10 +33 31/03 28/10 +30
2080s
Northern 01/04 27/10 +37 04/04 23/10 +31 07/04 19/10 +25
Central 28/03 04/11 +42 26/03 31/10 +40 30/03 27/10 +32
Southern 27/03 05/11 +41 27/03 02/11 +40 30/03 30/10 +34

Note. The observed mean for baseline period 1961-1990: the GSS
- Briceni (10/10); Chisinau (16/10); Cahul (19/10); LGS

(20/04); Cahul (21/04); the GSE
(172); Chisinau (180); Cahul (182).

sc Will increase, mainly due to a
late finish in the autumn (from 7 to
20" days in the Northern; 14 to 23
days in Central; and 14 to 20 days
later in Southern AEZs), while the
spring vegetation will start earlier
than usual from 7 to 12 days in the
Northern; from 9 to 13 days in Cen-
tral; and from 7 to 10 days before in
Southern AEZs.

The LGS . for the baseline
climate varies from 172 days in
the North of the country up to 182
days in the South. In connection
to climate change is expected that
the LGS . will increase by 2020s
from 21 to 22-23 days in the South-
ern and Central AEZ. The lowest
growth by 7-10 days is possible in
the Northern AEZ. In fact, the ob-
served changes in the LGS | . over
the last 20 years were as follows:
for the Northern \ -1 day, in Central
7 +6 days, and » +5 days in South-
ern AEZs. By the end of 2080s the
LGS .. will increase substantially
from 32-34 (B1) to 41-42 (A2) days
in the Central and Southern AEZs.
The tendency to minimum increase
of the LGS .. in the Northern ar-
eas will persist, and by the 2080s
would be expected that such peri-
ods will be only 25-37 days longer
(Table 5).

1. Here and throughout the text the
first number corresponds to the B1 sce-
nario, the second to A2 scenario.
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10°C

The LGS .. for the baseline
climate varies from 118 days in the
North of the country up to 141 days
in the South. In fact, the observed
changes in the LGS . over the
last 20 years were as follows: for
the Northern » +1 day, in Central
\ -6 days, and Southern AEZs ~
+4 days. In connection to climate
change is expected that the LGS
15:¢ Will increase by 2020s from 6 to
9 days in the Central and Southern
AEZs. The highest growth by 14-
15 days is possible in the Northern
AEZ. By the end of 2080s the LGS
1sc Will increase substantially from
21-25 (B1) to 33-34 (A2) days in the
Central and Southern AEZs. The
tendency to maximum increase of
the LGS . in the Northern areas
will persist, and by the 2080s would
be expected that such periods will
be 27 (B1) and/or 40 (A2) days lon-
ger (Table 6).

According to [40; 41] a longer
LGS could add more flexibility to
some agricultural practices which
could lead to maximize yields. The
sowing date for summer crops is
usually delayed due to high prob-
abilities of occurrence of the last
frost; therefore an earlier start of
the growing season would allowed
for an earlier sowing date of sum-
mer crops which would increase
the possibility for example planting
of double-cropping corn in the RM

10°C’

dates - Briceni (22/04); Chisinau

o days - Briceni

[42]. Much of the relevant data in
literature suggests the necessity of
distinguishing between the poten-
tial and the actual vegetation peri-
ods. A consequence of the higher
daily mean temperatures is that the
potential vegetation period will be
longer. At the same time the higher
temperature leads to accelerated
growth and this in turn shortens
the crop lifecycle, and thus the du-
ration of the actual vegetation pe-
riod is also shortened. Under such
circumstances it is reasonable to
either grow varieties having a lon-
ger growth season (these usually
produce higher yields than variet-
ies with a shorter growth season,
and can also be stored better), or to
grow after crops. In this latter case
the same area can be harvested
twice within the same year [42-43].

Growing Degree Days (AGDD
5, 10°C and EGDD 5,10"(‘)

The AGDD ., and/or EGDD ,.
for the baseline climate vary from
3105 and/or 1995°C in the North up
to 3652 and/or 2472°C in the South
of the country. The AGDD .. and/or
EGDD . temperatures (lower limit
of the grain crops development) will
increase consistently on the terri-
tory of the Republic of Moldova. Ac-
cording to all three scenarios in the
2020s is expected a small increase
in the AGDD . and/or EGDD ,.
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Table 6

ProJecTeD ENsEMBLE CHANGES oF THE GSS

GSE

15°C
EmissioN SceNARIOS RELATIVE To THE 1961-1990 CrLimAaToLoGicAL BASELINE PerioD IN XXI CENTURY

15°C?

(DATES) AND LGS

15°C

(DAvs) ForR SRES A2, A1B anp B1

AEZ A2 A1B B1
GSS,.| GSE,. | (+-) [Gss, |GSE,.. | (+) [GSS,. |GSE. . [ (+)
2020s
Northern 10.05 19.09 +15 11.05 18.09 +15 10.05 18.09 +14
Central 05.05 08.09 +6 05.05 27.09 +6 04.05 27.09 +6
Southern 05.05 01.10 +9 05.05 30.09 +9 04.05 30.09 +9
2050s
Northern 07.05 25.09 +24 06.05 26.09 +26 07.05 22.09 +21
Central 02.05 03.10 +14 29.04 05.10 +20 02.05 02.10 +13
Southern 03.05 09.10 +19 29.04 08.10 +22 02.05 27.09 +18
2080s
Northern 01.05 01.10 +40 02.05 29.09 +33 05.05 26.09 +27
Central 23.04 14.10 +33 18.04 09.10 +31 28.04 06.10 +21
Southern 25.04 16.10 +34 23.04 12.10 +32 27.04 09.10 +25

Note. The observed mean for baseline period 1961-1990: the GSS

(06/05); Cahul (09/05); the GSE .,
(118); Chisinau (141); Cahul (141).

Table 7

ProJecTED ENSEMBLE CHANGES IN THE AGDD

ano EGDD

5°C 5°C

RELATIVE TO THE 1961-1990 CLimATOLOGICAL BASELINE PERIOD IN XXI CENTURY

15°C’

- Briceni (10/10); Chisinau (09/09),; Cahul (26/09); LGS

dates - Briceni (15/05); Chisinau

15 days - Briceni

ForR SRES A2, A1B anp B1 EmissioN ScENARIOS

A2 A1B B1
AEZ AGDD .| % EGDD % AGDD % EGDD % AGDD % EGDD %
5°C 5°C 5°C 5°C 5°C
2020s
Northern 3437 11 2291 15 3453 11 2312 16 3430 10 2295 15
Central 3930 10 2720 12 3991 11 2773 14 3973 11 2759 14
Southern 3986 9 2770 12 4065 11 2828 14 4035 10 2811 14
2050s
Northern 3757 21 2570 29 3803 22 2617 31 3654 18 2486 25
Central 4282 20 3033 25 4389 23 3113 28 4206 17 2957 22
Southern 4358 19 3091 25 4467 22 3175 28 4275 17 3016 22
2080s
Northern 4267 37 2996 50 4103 32 2872 44 3779 22 2599 30
Central 4843 35 3508 45 4657 30 3322 37 4403 23 3126 29
Southern 4911 34 3575 45 4754 30 3433 39 4434 21 3155 28

Note. The observed mean annual AGDD .. and EGDD . for reference period (1961-1990) were as follow-

ing: AGDD
(2426°C); Cahul (2472°C).

about 9-11% and/or 12-16%?2, with
maximum increase in Northern
AEZ. In fact, the observed changes
in the AGDD,,. and/or EGDD .
over the last 20 years were as fol-
lows: for the Northern +6.2 and/or
10.1%, + 5.5 and/or 7.5% in Cen-
tral, and +4.6 and/or 6.6% in South-
ern AEZs. By the end of 2080s the
AGDD . and/or EGDD . would
increase significantly under high

2. Here and throughout the text
the first pair of numbers corresponds
to AGDD the second one EGDD .

5°C’

emission scenario A2 by 34-37%,
respectively by 45-50%, and will
make from 4267 and 2996°C for the
Northern to 4911 and 3575°C for
the Southern AEZs; slightly lower
growth is expected according to low
emission scenario B1 by 21-23%
and respectively by 28-30%, vary-
ing from 3779 and 2599°C for the
Northern, to 4434 and 3155°C for
the Southern AEZs, relative to the
baseline climate (Table 7; Figure 1).

For the majority of the cultivat-
ed plant species in the Republic of

- Briceni (3105°C); Chisinau (3581°C); Cahul (3652°C); EGDD . - Briceni (1995°C); Chisinau

Moldova the biologically active air
temperatures mean the AGDD
or/and EGDD .. The AGDD ..
and/or EGDD . for the baseline
climate vary from 2745 and/or 1025
°C in the North up to 3222 and/or
1402°C in the South of the country.
Already by 2020s the AGDD |, or/
and EGDD . will grow by 12-14
and/or 18-22%3 under high emis-
sion scenario A2; and by 11-16

10°C

3. Here and throughout the text
the first pair of number corresponds to
AGDD the second one EGDD ..

10°C’
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Figure 1: Projected Multi - Model Ensemble AGDD
Moldova

(°C) Spatial Development throughout the Republic of
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Table 8

ProJecTeD ENsemBLE CHANGES IN THE AGDD

AND EGDD
RELATIVE TO THE 1961-1990 CLimATOLOGICAL BASELINE PERIOD IN XXI CENTURY

10°C

10°C

ForR SRES A2, A1B anD B1 EmissioN ScENARIOS

A2 A1B B1
AEZ AGDD % EGDD % AGDD % EGDD % AGDD % EGDD %
10°C 10°C 10°C 10°C 10°C 10°C
2020s
Northern 3074 12 1253 22 3101 13 1278 25 3049 1 1262 23
Central 3627 14 1620 18 3692 16 1662 21 3679 16 1653 20
Southern 3682 14 1652 18 3724 16 1699 21 3732 16 1689 20
2050s
Northern 3833 40 1480 44 3481 27 1526 49 3292 20 1416 38
Central 3975 25 1891 38 4078 28 1951 42 3906 23 1817 32
Southern 4064 26 1932 38 4147 29 1999 43 3980 24 1859 33
2080s
Northern 3930 43 1834 79 3772 37 1742 70 3481 27 1514 48
Central 4516 42 2293 67 4308 36 2123 54 4096 29 1964 43
Southern 4600 43 2347 67 4439 38 2224 59 4128 28 1983 1

Note. The observed mean annual sum of active and effective temperatures for reference period (1961-1990)

were following: 2T _,
Chisinau (1375°C); Cahul (1402°C).

and/or 20-23% according to the low
emission scenario B1. In fact, the
observed changes in the AGDD | ..
and/or EGDD . over the last 20
years were as follows: +6.1 and/or
17.4% in the Northern, + 7.2 and/
or 12.3% in Central and +6.5 and/
or 11.3 % in Southern AEZs.

By the end of 2080s the AGDD
10c Or/and EGDD .. will increase
essentially by 42-43 and/or 67-79%
under the high emission scenario
A2, and will make from 3930 and/
or 1834°C for the Northern to 4600
and/or 2347°C in the Southern
AEZs; slightly lower growth is pro-
jected according to the low emis-
sion scenario B1 by 27-28 and/or
41-48%, and will make from 3481
and/or 1514°C for the Northern to
4128 and/or 1983°C in the South-
ern AEZs relative to the baseline
climate (Table 8).

In the Figure 2 is presented the
multi-model ensemble estimation
of spatial distribution of the Re-
public of Moldova’'s AGDD .. de-
velopment for SRES A2, A1B and
B1emission scenarios relative to
the baseline climate 1961-1990 in
the XXI century. If in the baseline
climate the AGDD , .. varies across
the territory from 2800 to 3300°C
then by the end of 2080s these
values could rise according to the

o - Briceni (2745°C); Chisinau (3175°C); Cahul (3222°C); 2T

high emission scenario A2 from
4000 to 4700°C and/or from 3500
to 4300°C under the low emission
scenario B1.

In this article a set of tempera-
ture — based agroclimatic indices:
last (LFD), first (FFD) frost day;
frost (FP), frost free (FFP) period;
start (GSS ; ,; ;5-c), end (GSE ; ; s
), length (LGS, ,..) of growing
season with T_ above 5°C, 10°C
and 15°C; active growing degree
days (AGDD , ,.;); and effective
growing degree days (EGDD , ,..)
representing the heat conditions,
during the growing season for cool
season, warm season, and very
warm season agricultural crops
across the Republic of Moldova
(RM)Agro-Ecological Zones (AEZs)
were computed from 30-yr daily cli-
matic observed data for a baseline
period 1961-1990, current climate
1991-2010 and for three future 30-
yr time periods (2020s, 2050s and
2080s) based on an ensemble of
10 GCMs for three SRES A2, A1B
and B1 emission scenarios. Due to
climate change is expected a sig-
nificant increase in the length of
the growing season and in the as-
sociated available heat. The winter
temperature will be less damaging
and the frost-free periods longer.
Our results may be useful in further

- Briceni (1025°C);

ef >10°C

developing of national and regional
adaptation strategies and plans
specific to the Republic of Moldova
agriculture sector, which is current-
ly underway. Farmers and policy-
makers may use such information
to choose climate adaptation mea-
sures such as for example agricul-
tural crop selections. For example,
an increasing trend in heat accu-
mulations may be more favorable
for vine and fruit production but less
favorable for cereal crop produc-
tion a sharp decrease in grain corn
and winter wheat yield is excepted
to more districts in the Republic of
Moldova, especially in the central
and southern areas of existing ag-
ricultural regions according to Tara-
nu, unpublished. A balance should
be reached by taking advantage of
the increases in growing season
length and heat accumulations and
managing the risks associated with
seasonal water deficits.

CONCLUSIONS

The main conclusions are the
following:

1. In the future RM’s climate
due to the earlier start of spring
and autumn elongation can be ex-
pected a substantial increase in the
FFP. By the end of 2080s, dura-
tion of the FFP in the Central and

NR. 5(71) OCTOMBRIE, 2013 i
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2080s

Figure 2: Projected Multi - Model Ensemble AGDD | ., (°C) Development throughout the Republic of Moldova

10°?
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Southern AEZs will increase signifi-
cantly from 44-56 days (B1) to 71-
75 days (A2). The lowest growth is
expected in the Northern AEZ from
33 to 68 days.

2. The LGS ... will increase
from 14-21 (B1) to 30-32 (A2) days
in the Northern and Southern AEZs,
the maximum increase by 24-36
days is projected in the Central AEZ.

3. For all AEZs the LGS
sc WIll increase, mainly due to a
late finish in the autumn from 7 to
20 days in the Northern; 14 to 23
days in Central; and 14 to 20 days
later in Southern AEZs, while the
spring vegetation will start earlier
than usual from 7 to 12 days in
the Northern; from 9 to 13 days in
Central; and from 7 to 10 days be-
fore in Southern AEZs.

4, The LGS |, willincrease
from 32-34 (B1) to 41-42 (A2) days
in the Central and Southern AEZs,
the minimum increase about 25-37
days is expected in the Northern ar-
eas by the 2080s.

5. The LGS . willincrease
from 21-25 (B1) to 33-34 (A2) days
in the Central and Southern AEZs.
The tendency to maximum increase
ofthe LGS .. in the Northern areas
will persist, and by the 2080s would
be expected that such periods will
be 27 - 40 days longer.

6. The AGDD . and/or
EGDD ,,. would increase signifi-
cantly under high emission scenar-
io A2 by 34-37% and/or 45-50%,
and will make from 4267 and/or
2996°C in the Northern to 4911 and/
or 3575°C in the Southern AEZs;
slightly lower growth is expected
according to low emission scenario
B1 by 21-23% and/or 28-30%, vary-
ing from 3779 and/or 2599°C for the
Northern, to 4434 and/or 3155°C
for the Southern AEZs in the 2080s,
relative to the baseline climate.

7. By the end of 2080s
the AGDD . or/and EGDD .
will increase to a large degree by
42-43% and/or 79-67% under the
high emission scenario A2, and will
make from 3930 and/or 1834°C for
the Northern to 4600 and/or 2347°C
in the Southern AEZs; slightly lower
growth is projected according to the
low emission scenario B1 by 27-

28% and/or 48-41%, and will make
from 3481 and/or 1514°C for the
Northern to 4128 and/or1983°C in
the Southern AEZs relative to the
baseline climate.
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