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Introduction

In 2007 Moldova faced the most severe drought in its modern history. According 
to international estimates of the impact this phenomenon is having on ecology and 
agriculture, the drought is of catastrophic proportions [11]. This drought represents 
an extreme weather event. However, its extreme nature can become the normal in the 
more or less distant future due to global climate change and under-development of the 
country’s economy. 

For Moldova, promoting economic development and reducing poverty represent 
the most important concerns and targets in future development of the country [8]. 
Achieving those goals is considered, due to their importance in national economy and 
social life, through rehabilitation of Moldavian villages [6] and promoting sustainable 
agriculture. However, if Moldova will be unprepared for climate change, achieving 
those goals will be compromised. Resulting from negative effects of climate change, 
pressure on water resources will be exacerbated [2] and securing water resources for 
sustainable use may be highly challenging.

On the one hand, the effect of climate change results not so much in modification 
of the mean values of yearly precipitation amount as in modification of the pluviometric 
regime within the year [9]. Studies, undertaken on the continental and country level 
show constant tendency of warming and drying of the country that varies in degree but 
not in sign [1,7,10]. These “naturally-induced” changes result in: warm winters with 
very short snow cover period; redistribution of precipitation among seasons, negatively 
affecting the storing capacity of wintertime and pluviometric regime of the vegetative 
period; rising temperature and evapotranspiration; increasing risk, severity, and area 
affected by droughts; and growing severity and risk of extreme meteorological events 
(like heavy showers). 

Future projections reveal that availability of the real water resources will 
diminish significantly. Thus, already within 15 years, availability of average surface 
water resources of the big rivers will diminish by 18-25% and of the local rivers by 26-
37% depending on the scenario of greenhouse gases emissions (A2 or B2) [10]. These 
changes will lead to increasing demand for water regardless of the way the national 
economy will evolve.

On the other hand, in the last 17 years Moldova’s economy has been under the 
effects of the transition from a planned socialist to market economy. Among its pure 
economic and social consequences, the transition’s impact has negative influence on 
water abundance and water use as well, provoking silting of the reservoirs, abandoning 
of the irrigation systems etc. In such a way, natural and anthropogenic factors within the 
last almost two decades both contribute to decreasing availability of water resources. 

These changes cause reducing quantity and quality of water resources [10] and, 
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at the same time, increase losses of water in agriculture, industrial and domestic use, 
as well as they extending the territories and fields of activity where additional use 
of water must change from desirable to mandatory. The goal of the work consists in 
identification of the most vulnerable territories that are already experiencing or in the 
near future will experience problems of water scarcity. Knowing these areas will help 
further to diversify territorially and typologically specific policies (water distribution, 
irrigation, climate change mitigation etc.) and to implement them more efficiently.

Methods and data

Sustainability of the water use is threatened first of all by the fragile balance 
between water supply and load on water resources. Raions, the administrative-territorial 
units of the country, are the best spatial pattern for this analysis, because the great 
majority of the economic planning measures are elaborated and implemented in these 
units. Identification of the regions, where population is the most vulnerable to such 
changes, was made by means of assessing threats for water resources that represent 
a combination of the abundance of surface water resources and demand or load on 
surface water resources.

For calculation of the aggregated integral index by Hull [4] was used. Its general 
form can be represented as follows:
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where Iint means integral index; Ii
+ and Ii

– represent primary or partial indexes 
(in standardized form) having positive and negative effects, correspondingly; ki and 
kj represent weight coefficients; m and n are the number of variables having positive 
and negative effects, correspondingly. Minus in numerator is used only if variables 
having both direct and inverse impacts are involved in the calculations. Advantages 
of using this formula consist of the absence (in almost all analyses) of negative values 
of the integral index; average value is 50: it means that values below 50 are below the 
average, while the above values are higher than the average.

Analysis of distribution of water abundance was based on the water supply index 
(WS). It is aggregated integral index of three primary indexes: mean reservoir area 
(MRA), water covered area (WCA), and frequency of water bodies distribution (F), 
participating with 0.5 of its weight. All the primary data were extracted from Landsat7 
spatial imagery [5] for the years 2000-2001 covering the entire territory of the country 
and summarized by administrative-territorial units (ATUs) of the first tier (raions, two 
territorial autonomous units, and two municipalities). Aggregation was made using the 
Hull index:
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Load on surface water resources was assessed through the load index (LI). Load 
index was calculated using similar methodology as WS. LI is composed from three 
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partial indexes (direct action factors (DAF), repulsive factors (RF), and load factor 
(Ld)), aggregated using the Hull index:

  3
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where DAF is a sum of waste water load and waste density; RF is a sum of in-
city population density (having double weight factor) and total population density; Ld 
is a sum of urban load, urban development load (both having weight factors equal to 
5), rural load and rural development load. Primary data have been taken from available 
statistical materials. As a result of combination of these two indices (WS and LI) a 
matrix of threat for surface water resources was obtained (Table 1).

Depending on the combination of favorable and unfavorable states for each of 
two indices, threat for water resources was assessed: ATUs were divided in 6 classes 
by the level of threat (no threat, very low threat, low threat, medium threat, high threat, 
and highest threat). ATUs from the two latter classes (high threat and highest threat) 
were considered as being the most vulnerable for changes in surface water resources 
because of the lowest values of the balance between water supply and load on water. 
This situation makes them extremely exposed in the likely case of water shortage due 
to natural or man-made causes. 

Table 1. Threat matrix for surface water resources

WATER SUPPLY

LOAD INDEX
very 

low load 
(25.34)

low load 
(32.46)

increasing 
load 

(42.84)

threatening 
load 

(82.85)

critical 
load 

(289.36)

critical supply (43.56) SD, CM RZ, CR  CL, ST, BS  

intermediate frequency 
(47.35)

FR, TL, 
UN, NS, 
LV, CS

DR, SR, 
HN, AN, 
SV, CT, 

GY

OR   

high frequency (53.93) BR, ED, 
RS

OC, DN, 
GL, SG FL  BL

external supply (56.16) TR  IL  C

abundance (70.55) DB  CH   

Note. Administrative-territorial units: SD – Soldanesti, CM – Cimislia, RZ – Rezina, 
CR – Criuleni, CL – Calarasi, ST – Straseni, BS – Basarabeasca, FR – Floresti, TL – Telenesti, 
UN – Ungheni, NS – Nisporeni, LV – Leova, CS – Causeni, DR – Drochia, SR – Soroca, HN 
– Hincesti, AN – Anenii Noi, SV – Stefan Voda, CT – Cantemir, GY – Gagauzia, OR – Orhei, 
BR – Briceni, ED – Edinet, RS – Riscani, OC – Ocnita, DN – Donduseni, GL – Glodeni, SG – 
Singerei, FL – Falesti, BL – Balti, TR – Taraclia, IL – Ialoveni, C – Chisinau, DB – Dubasari, 
CH – Cahul. In parentheses average class values of the aggregated integral index are given.

Final representation of the vulnerable areas plotted on the background of water 
scarce areas (extracted from [3]) is given at the Fig. 1.
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Results

South of Moldova has been considered as a water scarce area (both in terms 
of deficit of natural humidity and of lack of irrigation). Recently this area has been 
extended over the south-eastern part of the country [3] as a result of general trend of 
changes in both thermo-pluvial regime and national economy. In such a way, areas 
with water scarcity have been more or less identified. However, identification of such 
an areas are no longer adequate, due to two main reasons: (a) including them in specific 
policy planning increases efficiency of the latter only under the more or less static 
conditions and steady trends, not the case due to current evolutions of meteorological 
phenomena and climate; (b) water scarcity area, in its trend of extending to the north, 
has reached areas, which are the most populated, have the biggest load on water and are 
one of the most intensive in water use. 

Regions of vulnerability are designated to determine territories that are not 
critically exposed to currently “normal” droughty conditions, but those that will be 
vulnerable to very likely conditions of extreme droughts. Vulnerability has been 
classified in three types, depending on the main activity and proportion of population 
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in the area, likely to be affected as a result of short-term crisis (like droughty conditions 
occurring once in several years, and not continuous droughts lasting from year to 
year). 

Thus, urban vulnerability depicts the situation in regions with very high proportion 
of urban population, industrial activities etc. It means that towns and townspeople 
are the most sensitive to changes in humidification. Rural vulnerability focuses on 
sensitivity of rural population and agricultural activities, even if in the region urban 
population and industrial activities still have important share. Complex vulnerability 
embraces both previous types describing vulnerability of the urban population as well 
as of the rural one.

As it can be seen from Figure 1, maximal vulnerability only partly coincides 
with the defined water scarce area. The most populated areas are the most vulnerable 
to the changes. The water scarce area is already experiencing effects of water deficit 
and is extremely sensitive to droughts. Regions of vulnerability do not necessary 
suffer from water deficit now; however, high load on water combined with decreasing 
water availability makes them very sensitive to the changes likely to occur in the near 
future.

It is extremely important to manage and attempt to prevent the expected crisis, 
because areas both actually and potentially scarce in water are very significant for 
national economy and prosperity of the country’s population. (Tables 2 and 3).

Table 2. Population characteristics of the water deficient territories

Region Area, 
km2

Number of 
settlements

Number of population, thou. 
pers.

towns villages urban rural total
Water scarce area 11224 21 367 469,8 674,6 1144,4
Balti 79 1 2 122,7 4,9 127,6
Center 3286 11 182 708,6 288,0 996,6
Southern Transnistria 2193 9 73 309,2 123,2 432,4
Basarabeasca 337 1 10 11,2 19,0 30,1
Center intersection 52 1 2 6,9 4,2 11,1
Southern Transnistria 
intersection 1463 7 37 284,4 98,3 382,7
Total intersection areas 1852 9 49 302,5 121,5 424,0
Total country 33840 65 1614 1684,0 2259,6 3943,6

The water scarce area occupies one third of the country’s territory. It embraces 
1/3 of the country’s urban settlements, almost ¼ of the villages, 28% of urban and 
30% of rural population. On its territory more than 1/3 of arable land, ¼ of forests, 
orchards and pastures about 30% each, and almost half of vineyards are situated. This 
area suffers from insufficient precipitation, and irrigation is required for many of the 
crops.

Balti region presents the urban vulnerability type because of the high proportion 
of urban population in the area. However, natural humidification in the region and 
surrounding area is more or less adequate for normal local use. In the emergency case, 
adjacent raions will realize some of the effects of water deficit. This area seems to be 
the least effected by possible crisis. 
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Table 3. Land use characteristics of the water deficient territories

Region
Land use types, thou. ha

Arable Forests Orchards Pastures Vineyards
Water scarce area 603.4 99.5 65.3 151.7 92.3
Balti 4.7 0.3 0.6 0.0
Center 101.5 82.0 22.9 38.7 35.8
Southern Transnistria 149.3 11.8 19.0 10.5 3.0
Basarabeasca 15.5 2.3 1.3 7.1 4.4
Center intersection 5.0 0.1 0.2
Southern Transnistria intersection 98.0 5.5 14.5 5.6 1.4
Total intersection areas 118.4 7.9 15.7 12.9 5.8
Total country 1724.0 411.3 216.4 477.5 190.2

Central region occupies about 10% of country’s territory, but more than 40% of 
urban population, 17% of towns, 13% of rural population and 11% of villages. It is the 
most forest-covered region among those potentially affected: 1/5 of all country’s forests 
are situated here, as well as almost 1/5 of all vineyards and 10% of orchards. Arable 
lands and pastures occupy a relatively small part of the area: 6% and 8% accordingly. 
Also, this region is located upstream and constitutes main part of the recharge area for 
Southern Transnistria’s aquifers from which cities from that area are supplied with 
water. In addition, with the capital city and the most important population node, it 
has a complex economy with many big reservoirs and large transfers of water from 
Moldova’s second largest reservoir (Dubasari Reservoir on Dniester river). Potential 
water deficits can cause direct effects in many economic branches; effects will be 
multi-directional and exceedingly complex. Therefore, this region it is characterized 
by complex vulnerability.

Southern Transnistria region has almost the same importance for the country’s 
economy as the previous one. It has lesser share of indicators than the latter: it covers 
about 7% country’s territory, it has about 18% of urban and 6% of rural population, 
14% of towns and 5% of villages; 9% of arable land, but with very intensive agriculture, 
9% of orchards, 2% of pastures, 1,5% of vineyards, and 3% of forests. However, its 
industrial activity has an important potential, which is not fully used because of economic 
and political causes. Rural vulnerability was assigned to this region mainly because of 
the significant sensitivity of villagers and agriculture to likely crisis. Presence of the 
biggest Moldova’s river – Dniester, and urban water supply based on deep aquifers 
make industrial and domestic water use more secure in short-term perspective. 

Basarabeasca region is not as important as all the abovementioned ones: it has 
lesser than one percent of country’s share of population and settlements, and of all 
land use types but pastures (1,5%) and vineyards (more than 2%). However, because 
of its location totally in water scarce area effects of potential water deficit will be the 
highest among all the regions, especially affecting the rural part of population (rural 
vulnerability).

One of the regions of vulnerability is located completely outside of the water 
scarce area, two of them partly intersect it, and the last one (Basarabeasca) is located 
completely within it. The most vulnerable and the most sensitive are those settlements, 
and their population, that are located at the intersection of the regions of vulnerability 
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and water scarcity area. These zones of intersection (small part of central region in the 
south, 2/3 of Southern Transnistria and entire Basarabeasca region) are doubly exposed 
to water deficit: high vulnerability due to load on water is combined here with natural 
droughty conditions. These zones will suffer from the consequences of water deficit 
more than any others. In total, these zones embrace 5,5% of country’s territory, 14% 
of towns, only 3% of villages, almost 1/5 of urban population and more than 5% of the 
rural one (11% of total country’s population), as well as 7% of arable land, less than 
2% of forests, 7% of orchards, almost 3% of pastures and more than 3% of country’s 
vineyards are situated here.

Regions of vulnerability and, especially, zones of intersection are very significant 
form the point of view of attempts to mitigate climate change effects and diminish 
vulnerability of population. Managing water scarcity in these areas seems to be even 
more important than in traditionally water scarce areas, because these regions in near 
future will be affected by the effects of extreme droughts and will pass through the 
threshold from more or less favorable to unfavorable thermo-pluvial conditions. This 
threshold is not related just to the load on water resources, irrigation or domestic water 
use, but it is much broader (for instance, even in terms of biological efficiency of 
climate [9]). And it will cause increase in load on surface waters (already the highest in 
the country) and the rise of population’s vulnerability.

Conclusions

Because rural activities (including agriculture and food processing industries) 
seem to represent the biggest concern of governmental policies and are the main factor 
of revitalization of national economy, adaptation to new conditions to prevent and 
diminish negative effects of global environmental change is very important. Regions 
of vulnerability, and zones of intersection, have to constitute the biggest concern of all 
policy measures (not just those focused strictly on water or climate change) in order to 
anticipate and prevent negative effects of unfavorable evolution of the climate likely 
to occur. In the absence of such measures, water scarcity will affect increasingly more 
territory, embracing a majority of country’s population and agricultural land. In such a 
way, water will constitute a brake on the path of economic development of the country 
and will threaten prosperity of its population.
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IMPACTUL REGIMURILOR DE UMIDITATE A SOLULUI ASUPRA 
DIRECŢIEI PROCESULUI DE SOLIFICARE A CERNOZIOMULUI 

TIPIC MODERAT HUMIFER
A. Coronovschi,  A. Tărîţă,  V. Jabin

institutul	de	ecologie	şi	Geografie	al	AŞM

Dezvoltarea societăţii umane presupune neapărat şi o creştere cantitativă şi 
calitativă a producţiei agricole. În Republica Moldova se încearcă rezolvarea acestei 
probleme prin aplicarea unor acţiuni şi procedee, care în mod direct vizează numai 
cultura agricolă. Această abordare unilaterală a condus la efecte negative asupra solului, 
cum ar fi dehumificarea, decalcifierea, eroziunea, hleizarea secundară etc. [1-3, 6, 8 - 
13, 16, 18]. 

Cercetările efectuate au caracter activ numai asupra culturilor agricole, pe când 
asupra solului caracterul lor este pasiv. Spre exemplu, utilizarea irigării. Cercetările în 
această direcţie se axează numai spre sporirea recoltelor culturilor agricole, iar solul, 
asupra căruia se aplică, nu este studiat detaliat, ori se evaluează numai ca consecinţă a 
impactului. În opinia noastră, cercetările trebuie să fie direcţionate asupra ecosistemului 
solului în totalitate, cu toate interrelaţiile dintre componentele lui energetice, vizând 
îmbunătăţirea stării ecologice a solului şi stabilirea nivelului optim al impactului, care 
nu ar conduce la destabilizarea echilibrului ecologic al acestuia.

De aceea, investigaţiile ecopedologice necesită monitorizarea modificării 
ecosistemului solului la acţiunea regimului de umiditate cu diferit grad de intensitate.


