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a  b  s  t  r  a  c  t

Hydrological  information  on water  availability  and  demand  is vital  for sound  water  allocation  decisions
in  irrigation  districts,  particularly  in  times  of  water  scarcity.  However,  water  allocation  decisions  are
often  taken  based  on  uncertain  hydrological  information,  which  may  lead  to sub-optimal  decisions  and
agricultural  production  loss.  This  study  aims  to assess  the  availability  of  hydrological  information  in  large
irrigated  areas  (>250  km2) and  evaluate  water  allocation  decisions  being  taken.  An  index  tool  that  mea-
sures  the  level of  availability  of  hydrological  information  in  irrigation  districts  that  is  used in  planning
and  operation  was  developed.  The  index  is  calculated  based  on a compound  that  considers  the period
of  record,  temporal  and  spatial  resolution  of  the  data.  Contingency  tables  that  compare  the  observed
discharge  in  water  extraction  sites,  supply  in  the main  canals,  and  irrigation  demand  estimates,  were
generated  allowing  the rate  of  occurrence  of sub-optimal  water  allocation  decisions  to  be  determined.
Through  this  method,  excellent  index  results  were  found  for an  irrigation  district  in Australia  (Mur-
rumbidgee  district),  while  irrigation  districts  in Colombia  (Coello  district)  and  Costa  Rica  (DRAT  district)
showed  fair  to poor  information  availability,  which  correspond  to a higher  rate  of occurrence  of  sub-
optimal  water  allocation  decisions.  The  results  imply  that  the  use  of  additional  hydrological  information
is  beneficial  in  reducing  the  rate  of  occurrence  of  sub-optimal  water allocation  decisions,  ultimately
contributing  to higher  crop yields.

© 2017  Published  by  Elsevier  B.V.

1. Introduction

Irrigated agriculture accounts for nearly 70% of the world’s total
freshwater withdrawals (FAO, 2011) and over the years has sig-
nificantly altered hydrological conditions in streams (Al-Faraj and
Scholz, 2014; Jiang et al., 2015; Kirby et al., 2014; Restrepo and
Kettner, 2012). Even though management strategies have been
developed to overcome water limitations and provide reliable and
stable water supply for agricultural production, droughts have in
cases led to high impacts on production and livelihoods (Richter
2014; Connor et al., 2014). Given the pressing water scarcity
issue in agricultural development (de Fraiture and Wichelns, 2010;

∗ Corresponding author at: IHE Delft, Westvest 7, 2611 AX Delft, The Netherlands.
E-mail address: alex.kaune83@gmail.com (A. Kaune).

Rijsberman, 2006), it is crucial to take informed water allocation
decisions, especially in irrigation districts with high water con-
sumption, such as large surface canal systems, where users rely on
the water supply system for agricultural production to guarantee
economic welfare and food security (Malano et al., 1999).

As water becomes scarce, efficient decision-making based on
solid information becomes increasingly important. In reality, water
allocation decisions are often based on incomplete or uncer-
tain hydrological information (Svendsen, 2005). Poorly informed
water allocation decisions can lead to agricultural production loss
and possibly impact on local livelihoods. Assessing the available
hydrological information and the potential improvement due to
additional information can be of considerable value to irrigation
districts.

The value of information theory, developed in the field of eco-
nomics (Hirshleifer and Riley, 1979), considers three factors in
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order to determine to what extent additional information has, or
does not have a value; the beliefs of decision makers; the costs
associated with decisions; and, the response in taking actions in
light of new information. Additional information can add value and
improve decision making, but only if currently available informa-
tion is uncertain (Bouma et al., 2009; Macauley, 2006). This implies
that, if the available information is perfect, then no value is foreseen
in the decision process because the current information already
leads to a clear choice of alternatives. If there is no or little informa-
tion available, then the additional information would have a high
marginal value.

Previous studies that determined the marginal value of addi-
tional information (Alfonso and Price, 2012; Cerdá and Quiroga,
2011; Macauley, 2006; Quiroga et al., 2011) focused on monitoring
networks, irrigation frequency and weather information for agri-
cultural production and management (including damage and loss).
Even though several authors have established the marginal value
of additional information for agricultural purposes, a gap exists in
determining how hydrological information can be evaluated for a
particular user within a river basin, such as in irrigation districts.

This paper hypothesizes that if decision makers in the irrigation
sector have the right tools to assess the available hydrological infor-
mation, they will invest more in hydrological information when it
makes economic sense. The aim of this paper is to develop a tool
for assessing the availability of hydrological information in large
irrigation districts and evaluate water allocation decisions being
taken.

2. Methods

2.1. Establishing hydrological information requirements for
water allocation

The allocation of water resources requires different types of
decisions. In the long term planning phase, these include determin-
ing the viability of developing new irrigation districts or extending
existing districts, which may  entail the construction of canals and
hydraulic structures for supplying additional demand (FAO, 2007).
In the medium term, these include the types and extent of crops
to be planted given the expected available water. In the short
term, these include daily decisions related to opening and clos-
ing control gates and supplying water to sectors and tertiary units
(FAO, 2007). These decisions are supported by available data and
information and governed by water policies, regulations and guide-
lines (Australian government, 2008; MI,  2013a; MINAET, 2009;
MINAGRICULTURA and INAT, 1997; MinAmbiente, 2014; SENARA,
2014).

Even though the water allocation processes can vary between
irrigation districts, the end goal is similar, namely providing a
service of water supply (Malano et al., 1999). Determining the
water availability and demand for irrigation is key information for
providing this service. In this study, the hydrological information
requirements are defined as the priority ground measurements and
data required for determining the water availability and irrigation
demand in the long term, medium term and short term phases.

For the long term planning phase, variables such as pre-
cipitation, temperature (for evapotranspiration estimates), river
discharge (runoff), water storage (including groundwater and sur-
face water reservoirs), cropping patterns and soil characteristics
(including texture and effective depth) were established as hydro-
logical information requirements (Fig. 1). For the medium term
planning and short term operation the required hydrological infor-
mation was established in discharge control locations, including
discharge information at water extraction sites, water supply at

Fig. 1. Hydrological information requirements for water allocation in planning and
operational phases in irrigation districts.

intakes (main, secondary, tertiary canals and user intakes) and irri-
gation demand in the fields (Fig. 1).

2.2. Developing the hydrological information availability index

The hydrological information availability index is a novel
approach that tries to establish the available hydrological infor-
mation in large irrigation districts through a scoring method.

The availability of hydrological and meteorological data was
evaluated according to the spatial and temporal resolution and the
period of record, through scoring each aspect on an ordinary scale
between 5 and 1 where 5 = excellent; 4 = good; 3 = fair; 2 = limited;
1 = poor. If a measurement is not available the score was  set to zero.

For the long term planning phase, the information availability of
river discharge and storage in the basins from which the irrigation
water is extracted was evaluated, while the remaining variables
are evaluated within the limits of the irrigation district. The spatial
resolution of river discharge, precipitation, and temperature were
determined based on the station inverse density (Table 1). The spa-
tial resolution of crop patterns and soil characteristics are defined
as the percentage of area in the district with available information.
For the spatial resolution of river discharge, the lowest score (1)
is assigned to a spatial representativeness of 1000 km2/station, a
rate set by WMO  for mountainous basins (WMO,  2008). The high-
est score (5) was  assigned to a spatial representativeness lower or
equal than 400 km2/station, assuming at least five river discharge
stations in a basin of close to 2000 km2. For the spatial resolution
of precipitation and temperature stations, the lowest score (1) is
assigned to districts with only one station in the entire command
area. Spatial representativeness lower or equal to 30 km2/station
were assigned the highest score (5) for enhanced water demand
estimation for irrigation districts larger than 250 km2 (Table 1).

For the medium term planning and short term operational
phase, the score for the spatial resolution was established con-
sidering the percentage of control locations (e.g. intakes of
secondary canals) in the district with available discharge informa-
tion (Tables 2 and 3). For the medium term, the period of record of
that information is crucial for adequate planning, as past discharge
measurements can be used to establish statistics and trends, and
recommend water allocation for the next season.

For the short term, operational phase temporal resolution
ranges from one hour to 24 h (Table 3). A coarser temporal reso-
lution (between one day and one month) was  established for the
medium term planning phase (Table 2) because decisions on plan-
ning the next crop season are to be taken, and from one month to
one year for the long term planning phase (Table 1). Information
on the period of record was included in both the medium term and
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