
European Water 60: 49-54, 2017. 
© 2017 E.W. Publications 

A land accounting system for integrated water resources management 

G.E. Bariamis1*, E.A. Baltas1, V.A. Tsihrintzis2 and M.A. Mimikou1  
1 Department of Water Resources and Environmental Engineering, School of Civil Engineering, National Technical University of 
Athens  
2 Centre for the Assessment of Natural Hazards and Proactive Planning, School of Rural and Surveying Engineering, National 
Technical University of Athens  
* e-mail: bariamis@mail.ntua.gr 

Abstract: Land is a resource that affects all dimensions of the natural environment, as all the human and natural activities occur 
on it. World development is exerting increasing pressures on the natural systems, such as: urban sprawl and 
population increase, agricultural expansion and deforestation, new infrastructure and industrial establishments 
construction. Considering the environmental sustainability targets, land monitoring and management should be treated 
as one of the main factors delivering all the services for the human welfare by completing the water-food-energy 
nexus scheme. This research work focuses on the land stocks changes analysis, as part of the System of 
Environmental and Economic Accounting (SEEA) framework which assesses the interactions among different types 
of land cover. To this end, coupling the geospatial information from 2001 to 2011 from the United States (US) 
National Land Cover Database (NLCD) with hydrological and water use data was attempted in the hydrological 
region of Wabash river covering mainly the state of Indiana. The methodology employed, allows the calculation of 
new land cover type formation and consumption and land cover type exchanges (flows) among different categories 
and the calculation of average land intake per category. The main findings of this research work are an accelerating 
urban sprawl, following up the population increase, against planted and forested areas. The developed areas are 
steadily expanding, as a signal of a probable future increase in water uses for the public water supply and industrial 
sectors. 
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1. INTRODUCTION  

Land is an environmental asset that outlines all the space in which all the natural processes and 
human/economic activities are occurring. There are two main characteristics in which land could be 
classified: land cover (LC) and land use (LU). Due to the rapid industrialization and population 
growth, land resources are under pressures from physical, human and global causes such as soil 
erosion, desertification, pollution, food shortage, land conflicts, water shortages, and climate 
change. The urbanization of lands has also measurable impact on the quantity (Chen et al., 2015; 
Gyamfi et al., 2016; Kaplan et al., 2014; Ayala et al., 2016) and quality (McGrane, 2016; Wilson, 
2015) of water resources. 

All these complex and dynamic processes have been standardized in a coherent way under the 
System of Environmental and Economic Accounting Central Framework – SEEA (United Nations, 
2014). The SEEA is a useful tool and has already been implemented throughout the world in the 
water (Bariamis et al., 2016; Dutta et al., 2017; Pedro-Monzonís et al., 2016) and land (EEA, 2006) 
domains. This study focuses on the changes of land cover under the SEEA proposed methodologies 
for the period 2001 to 2011 in a hydrologic sub-region in the USA, and explores the potential 
connection of land cover changes and indicators with primary hydrologic physical characteristics. 

2. MATERIALS AND METHODS 

2.1 Study area and data used 

The study area selected to implement the land accounts concepts, is the Wabash River 
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hydrologic sub-region as shown in Figure 1. The Wabash River is a tributary, covering 20% 
(~85,353 km2) of the area of the Ohio River Region (421,960 km2) (U.S. Geological Survey, n.d. b). 
The river network stretches almost 765 km (State of Indiana Department of Natural Resources; U.S. 
Geological Survey, n.d. a) covering various counties in the States of Indiana and Illinois. The long 
term annual average (1940 - 2000) runoff of the sub-region is 852 m3/s. The population of this area 
is estimated at 4.5 million people in 2011, presenting an 8% increase compared to the population of 
2001. In order to elaborate the land accounts, the National Land Cover Database (NLCD) (Fry et 
al., 2011; Homer et al., 2007, 2015) has been used, covering the land cover status for 2001, 2006 
and 2011, as well as, the land cover changes for the intermediate periods of 2001-2006 (Period A) 
and 2006-2011 (Period B). The NLCD dataset is based on a two level classification system covering 
20 land cover types in its full extent (Anderson et al., 1976).  

 

Figure 1. Wabash River sub-region’s land cover status for 2011 

2.2 Methods 

The implementation of the land accounts, requires some steps to formulate and produce 
standardized tables which are quantifying parameters such as land “consumption”, land 
“formation”, physical “flows” from one category of land to another, and land cover stock changes 
among accounting periods. With this approach, indicators’ development is also simulated as land 
intake per LC category. Total turnover, the absolute sum of formation and consumption of each of 
the land cover classes, could potentially reflect the ecosystems stability or the vulnerability of the 
land related assets. 

3. RESULTS 

The main results of the land accounting are presented in Tables 1 and 2. Analyzing the latest 
stocks of 2011, 68% is planted areas, 19.5% forests and 9.5% developed areas, which cover almost 
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97% of the Wabash river basin. The remaining 3% is shared among the rest five of the LC types: 
grasslands, open water, wetlands, shrubs and barren land. The approach is to quantify the LC stocks 
at the start of the accounting period, then measure the gains/losses of stock which will define the 
land type stock value at the end of the accounting period. Horizontal (total consumption) and 
vertical (total formation) evaluation of the land accounting tables reveal the main transformations 
occurring among the origin and destination of LC types. LC stocks of developed categories present 
an increase by 3.4% along with open water (3.5%) and wetlands (3%) areas from 2001 to 2011, 
while barren lands present the highest increase (+59.8%). An aggregation of the land stocks in 
natural (sum of water, barren lands, forest, grassland and wetlands) and manmade disturbed (sum of 
developed, barren and planted) areas, shows a 23% / 77% share, indicating high levels of human 
alteration in the Wabash River sub-region. The total turnover of land cover change (Table 1) in 
period A (2001-2006) was ~600 km2 while in period B (2006-2011) was ~460 km2 representing an 
increase in the ecosystems’ stability as higher numbers of LC exchanges depict transactions 
between land formation and consumption. In both periods, 75% of total turnover is shared between 
medium/high developed density (43%) and planted areas (32%), making them the main contributors 
of change in the area.  

3.1 Land cover consumption/formation analysis 

In both periods, 65-70% of consumed areas are planted and forest lands, while the formation of 
developed land shares 67-71% of total formation. This reveals the dynamics of urban and industrial 
areas expansion against the current agricultural planted areas and deciduous forests. Further 
analysis of period A indicates that the maximum LC category “consumption” of 158 km2 occurred 
in the cultivated areas (LC code 82) in favor of urban expansion by 80%, while the maximum LC 
“formation” of 72 km2 occurred in the open space developed areas (LC code 21). Land change 
indicator (area changed/year) presented highest gains in the developed LC (+31.9 km2/y), while 
highest losses occurred in planted areas (-31.5 km2/y). Forest loss was at -9.8 km2/y. For period B, 
the maximum LC category “consumption” of 103 km2 occurred in the cultivated areas (LC code 82) 
in favor of urban expansion by 81%, while the maximum LC “formation” of 49 km2 occurred in the 
medium intensity developed areas (LC code 23). This represents an internal redistribution of LC 
codes 21 and 22 by 55% and intake from planted areas by 40%. Land intake gains for period B was 
+23.4 km2/y for the developed LC codes while planted areas had highest losses (-21 km2/y). Forest 
loss was at -8.5 km2/y. 

3.2 Land cover flows analysis 

Land cover flows analysis is an important component that land accounts can provide by 
revealing the patterns of flows among different land cover types. The main contributors (alternative 
origins) are the planted and forested areas while the main consumers (alternative destinations) LC 
types are the developed areas. One particularity of the developed areas is that most of the flows 
cover internal exchanges. These areas present high stability and there is no significant sign of trend 
reversal or naturalization of them till now. The LC flows are presented in more detail in Figure 2, 
where no transitional land stocks are shown except developed, forest and planted areas, to make 
clearer the flows, as well as their relative significance. 

3.3 Water resources and uses 

An analysis of runoff and estimated water uses data from open sources (Hutson et al., 2004; 
Kenny et al., 2009; Maupin et al., 2010) for years 2001-2011 in the region has been conducted. 
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Surface runoff measured compared with the multi-annual average of the period 1940-2000 
(852 m3/s) is increased by almost 30% to 1.115 m3/s indicating an increase in the impervious 
surfaces which potentially could relate to the 3.5% increase in the developed areas and the parallel 
1% decrease of forests. Further research is required in the topology of the changes to examine 
whether these changes are occurring in peri-urban areas affecting the hydrologic regime of the 
region. 

Water uses linked with food production (irrigation, livestock and aquaculture) increased by 67%, 
while the planted areas have been slightly decreased (-0.45%) compared to the start of accounting 
period. Given that the areas of planted lands are quite stable, the increase in water volumes used in 
the agricultural and livestock sectors are an indication of water intensive yields produced. Further 
analysis of the status is required to define the types of agricultural and irrigation methods followed. 

 

Figure 2. Land cover flows without transitional stocks for the Wabash River for the Periods A (left) and B (right) 

Table 1. Stock and change accounts for Wabash River region for the Periods A (2001-2006) and B (2006-2011) 
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Table 2. Land cover flows in the Wabash River region for Periods A (2001-2006) and B (2006-2011) 

 
Note: Grey cells indicate the transitional stocks  

4. CONCLUSIONS 

Land is a finite and already overexploited natural resource which provides the necessary space 
for water resources, food and energy production services, as well as, climate regulation and carbon 
sequestration via organic and inorganic environmental assets such as water and forests.  

Land accounting is a useful tool, offering a different perspective of analysis in the evolution and 
dynamics of land resources of an area. The changes in land cover have been monitored for a long 
period in the highly human intervened Wabash River basin and trends have already been 
ascertained. Even though not significant changes have occurred in the major land cover categories 
from 2001-2011, the existing land cover stocks and flows indicate an accelerating urban sprawl 
against forested and planted areas. This is a signal of a probable future increase in water uses by the 
industrial sector and domestic/public water supply. New indicators, such as land intake, land use 
intensity coupled with water related parameters and even socio-economic input could potentially be 
used for integrated water resources management, identifying the main drivers that exert pressures 
on water resources and the ecosystems. 

The interactions of land stocks with the water resources distribution and use, are the actual points 
in the common sphere of land and water accounting. Aggregated results of water use in the Wabash 
river indicate an increase in water volumes used in the food production sectors (agriculture, 
aquaculture and livestock) as well as an increase in the surface runoff measured. Additional 
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measures to halt soil sealing as well as implementing flood protection infrastructure, could be the 
answer to ensure that water stocks will have the adequate quantity and quality required. The 
dynamics of the water cycle and land cover changes are differing in temporal resolution; however, 
there are ways to jointly assess the diverse layers of the land-water nexus. This analysis could offer 
the necessary input for revising existing environmental protection policies, increasing the efficiency 
of water intensive activities and ensuring a sustainable use of water resources supporting water 
supply, food and energy production.  
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