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Quantifying blue, green, and gray
water footprints in a mixed land
use urban catchment for
sustainable urban water
management

Czarina Maranan, Gil Cruz* and Franz Santos

Institute of Civil Engineering, University of the Philippines Diliman, Quezon City, Philippines

Urbanization and climate change significantly worsen water quality and quantity
issues, heightening the urgency to address the foregoing concerns in relation
to sustainable urban water management. Water Footprint Accounting (WFA)
provides a novel and holistic lens for urban water management by quantifying
blue, green, and gray water footprints. Unlike conventional assessments that
focus only on withdrawals, WFA captures both consumption and pollution,
offering a more integrated view of sustainability. This study applies WFA to the
University of the Philippines—Diliman campus, using adapted numerical methods
from established literature. The approach highlights hidden water dependencies,
identifies critical hotspots, and demonstrates the potential of WFA as a decision-
support tool for building water-resilient campus. A modified WFA spreadsheet
tool was developed to automate the calculation of the blue, green, and gray
water, which was then used for UP Diliman. The calculated water footprint
(WF) of UP Diliman was mapped, revealing a spatial representation of the WF
and WF hotspots. The results revealed that the highest total footprint was the
gray water footprint (WF) of stormwater, amounting to 146,048,674 m3/year,
primarily associated with suspended solids from eroded ground surfaces during
rainfall events. In contrast, the lowest footprint was the blue WF of rainwater
at 1,240,989 m3/year. Spatial mapping of water footprints revealed hotspots
that serve as indicators of urban characteristics: blue and gray WF hotspots
in highly developed areas, and green WF hotspots in zones with significant
evapotranspiration. These insights highlight hidden water dependencies, identify
critical pressure points, and underscore the need for future developments
to integrate water-saving technologies and Low Impact Development (LID)
practices. Overall, this study demonstrates how WFA can be applied as an
evidence-based decision-support tool for managing and improving urban water
systems in mixed land-use settings.

KEYWORDS

water footprint accounting, mixed land use catchment, urban water management, water
footprint (WF), urbanization

1 Introduction

Urbanization in the Philippines is expected to continuously increase in the coming
years. With nearly half of the population already residing in urban areas, managing
urban systems has become an escalating challenge. Cities face intensified demands on
water supply and sanitation infrastructure, yet conventional drainage networks and
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centralized water systems are often unsustainable, resulting in
excessive runoff and pollutant discharges into receiving water
bodies (Barbosa et al., 2012). Traditional drainage systems are also
ill-equipped to handle extreme weather events, leading to urban
flooding and failure in safely conveying surface runoff (Bibi et al.,
2023). Rapid urbanization further alters the natural hydrological
cycle by replacing pervious surfaces with impervious ones such as
concrete and pavement (City of Edmonton, 2014). In effect, this
increases runoff volume while reducing evaporation, transpiration,
and groundwater recharge. Added to this is the increased pollutant
load from human activity, which is exacerbated by climate change
through heavier precipitation and more prolonged storms. These
combined pressures highlight the urgency of improving sustainable
urban water management strategies, as it is paramount to ensuring
water security and environmental sustainability.

Water Footprint Accounting (WFA) is a method that supports
the building of water-resilient urban environments. It offers a
holistic approach to quantify water use and identify consumption
patterns. The concept of Water Footprint (WF) was initially
used in an industrial context—defined as the water needed in
the production of goods and services (Hoekstra and Chapagain,
2007). WFA has most commonly been employed at national and
provincial levels rather than at urban and city-wide scales as urban
environments have unique consumption patterns (e.g., wastewater,
urban water use, evaporation) that may not be properly taken into
account (Paterson et al., 2015). The process of water footprint
accounting has evolved through time such that it has extended
beyond industrial and agricultural applications.

To obtain a better understanding of how WFA applies to
urban contexts, it is helpful to review its core components. WF
provides an overview of the general water use and demonstrates
how water is consumed in an area. The water footprint has three
components: blue, green, and gray water. Blue water refers to
the consumption of water sourced from surface and groundwater,
green water refers to water temporarily stored in soil, and gray
water refers to the volume of water needed to dilute water discharge
with pollutant loads to meet water quality standards (Hoekstra
et al., 2011; Chuang et al., 2023). In the urban context, the water
footprint is much more complicated as the urban water system
consists of different water flows, water users, and sources. There
remain several limitations in analyzing the urban water footprint,
primarily due to the large data requirement, the complexity of the
urban water cycle, and the unavailability of real water consumption
data on an urban scale (Manzardo et al., 2016). Meanwhile, a
recent study in China introduced a novel perspective by integrating
carbon and water footprint accounting into the spatial planning of
nature-based solutions (NBS). Findings revealed that vegetation-
based interventions, such as green roofs and bioretention systems,
are particularly favorable for NBS planning due to their enhanced
ecological and environmental benefits—most notably in pollutant
removal and carbon sequestration (Wang et al., 2024).

To further contextualize WFA for urban areas, this study
categorizes the urban WF into five clusters: blue WF of buildings,
blue WF of rainwater, green WF, gray WF of buildings, and gray WF
of stormwater. The interactions among these clusters are illustrated
in Figure 1, adapted from Lazo (2013). Blue WF of buildings refers
to water consumption supplied to buildings and households for

domestic and industrial use, whereas blue WF of rainwater refers
to rainwater that can be harvested and reused. Green WF is water
temporarily stored in soil and lost through evapotranspiration.
The two gray WF clusters represent the amount of water required
to dilute the pollutant loads to meet water quality standards.
Specifically, gray WF of buildings refers to wastewater, while gray
WF of stormwater pertains to road runoff.

Recent studies have shown the applications of water footprint
accounting such as in the implementation of green infrastructure
and in the development of technology for water reuse (Paterson
et al., 2015). This further highlights the role of water footprint
accounting in achieving a more data-driven approach for
sustainable urban water management. However, the lack of research
on water footprint accounting, especially in the Philippine setting,
has made it difficult to fully understand water consumption
patterns. With water footprint accounting, the planning and
implementation of water use and reuse practices will be
better optimized.

This study presents a method on urban WFA by adapting
existing WF equations and models. Using these equations, a WFA
spreadsheet tool will be generated. The proposed methodology
shall be demonstrated in University of the Philippines Diliman,
a mixed land use catchment, as a case study area. The purpose
of this study is to allow a better understanding of urban water
consumption and water use through WFA and ultimately recognize
its role in planning for sustainable urban water management.
Furthermore, by developing a WFA tool, other mixed land use areas
may utilize such an evidence-based approach to managing their
urban water systems.

2 Materials and methods

2.1 Study area

The University of the Philippines Diliman (UP Diliman),
located in the National Capital Region (NCR), occupies a
493-hectare campus that embodies the complexities of a
mixed land-use setting within an urban environment. Its
infrastructure encompasses diverse sub-categories—including
academic, administrative, residential dormitories, commercial
establishments, government offices, and housing—making it a
microcosm of a city. Beyond its built environment, UP Diliman
is also recognized as one of the remaining green reserves in
Metro Manila, with patches of rich biodiversity that coexist
amidst the highly urbanized landscape. An important hydrologic
feature within the campus is the UP Lagoon, which functions as
a constructed wetland and wastewater treatment facility within
the academic oval creek system. Following rehabilitation efforts
to improve flow management, the lagoon now plays a critical role
in stormwater retention and pollutant removal (Doctolero et al.,
2018). However, certain academic and administrative buildings
still discharge untreated wastewater into the lagoon before it drains
into the Diliman Creek system, eventually flowing into Culiat
Creek and the San Juan River (Diaz, 2015).

Given its combination of dense urban infrastructure, significant
green spaces, and dynamic hydrologic systems, UP Diliman
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FIGURE 1

The urban water footprint.

FIGURE 2

Spatial data outputs for UP Diliman: (A) Subcatchment delineation. (B) Pervious and impervious area classification.

represents a highly relevant case study for examining sustainable
water management in mixed land-use urban conditions.

The following datasets for UP Diliman were gathered: rainfall,
temperature, windspeed, solar radiation, 1-m resolution Digital
Terrain Map (DTM), water consumption of buildings, land cover
map, and building footprints. Using the DTM and building
footprint data, a total of 95 subcatchments were delineated using
the Quantum Geographic Information System (QGIS), which are
shown in Figure 2A. Moreover, the land cover map was used to
classify pervious and impervious areas, as shown in Figure 2B.

2.2 Water footprint accounting

WFA was performed through numerical analysis. Equations
for calculating each WF cluster were adapted from WFA models
presented by Chuang et al. (2023), Manzardo et al. (2016), and
Morera et al. (2016). Based on these equations, a spreadsheet tool
for water footprint accounting was created such that it can be used
as a localized WFA tool for mixed land use catchments. This also
allows the WFA process to be easily conducted for varying water
footprints and adapted for other catchments.
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TABLE 1 WFA equations.

Equation
number

WF
cluster

Formula Key variables Source

1 Blue WF of
buildings

WFBL,BDj =
∑

i
WUi,j WUi,j : amount of water consumption in area

j (m3)
Adapted from
Chuang et al. (2023)

2 Blue WF of
rainwater

WFBL,RWj = RWj

[(∑
i

XIMi,j × ki

)
+

(∑
i

XPEi,j × ki

)]
RW: annual rainwater in area j (m3/m2)
XIMi,j : total impervious area (m2)
ki : runoff coefficient in land-use type i
XPEi,j : total pervious area (m2)

Modified from
Chuang et al. (2023)

3 Green water WFGRN = E × Yj E: annual estimated losses from
evapotranspiration (m)
Yj : total pervious area j (m2)

Adapted from
Manzardo et al.
(2016)

4 Gray WF of
buildings

WFGRY ,WWj = max
[

WWj(CRn −CSTn )
CSTn −CNATn

]
WWj : amount of wastewater generated in
area j (m3)
CRn : concentration of pollutant n from the
WW (mg/L)
CSTn : ambient water quality standard of
pollutant n (mg/L)
CNATn : river background level of pollutant
n (mg/L)

Adapted from
Morera et al. (2016)

5 Gray WF of
stormwater

WFGRY ,SWj = max
[

WFBL,RW,j(CRn −CSTn )
CSTn −CNATn

]
WFBL,RW,j : blue water of rainwater in area j
(m3)

Adapted from
Morera et al. (2016)

2.2.1 Water footprint accounting equations
Table 1 shows a summary of the WF equations used in the

spreadsheet, showing the key variables and source for each.
Equations 1, 3–5 have been adapted from published WF studies,

while Equation 2 has been modified from the method used by
Chuang et al. (2023). The blue WF of rainwater, WFBL,RW , is
primarily derived from the amount of rainfall and land-use type. It
is based on the blue water footprint of runoff equation that was first
presented by Manzardo et al. (2016) and adapted by Chuang et al.
(2023). This equation only considered the runoff on impervious
surfaces such as roads and buildings, as shown below:

WFBL,RFj = RWj

(
�iXIMi,j × ki

)

where WFBL,RFj: annual blue water footprint of runoff in area j (m3)
RW: annual rainwater in area j (m3/m2)
XIMi,j: total impervious area in land-use type i in area j (m2)
ki: runoff coefficient in land-use type i
However, runoff from semi-pervious areas such as lawns and

gardens also contribute to urban runoff; hence, it is also necessary to
consider its runoff contribution. Runoff from green spaces in urban
areas also carries certain pollutants from fertilizers and pesticides,
and eventually mixes with the runoff from impervious surfaces.
Moreover, it has been renamed from “blue WF of runoff” to “blue
WF of rainwater” to highlight how this water footprint cluster is
water that can be collected and reused, and theoretically, has yet
to flow over land. Equation 2 shows the modified equation, which
includes the added runoff contribution of semi-pervious surfaces
such as lawns, gardens, and parks.

Equation 3 is based on evapotranspiration, which will be
estimated using the Penman-Monteith Method, given by:

E =
0.408� (Rn − G) + γ Cn

Tmean+273 WND2(es − ea)

� + γ (1 + CdWND2)

where Rn: daily net radiation flux (MJ/m2-d)
G: daily soil heat flux density (MJ/m2-d)

γ : psychrometric constant (kPa/◦C)
Cn: numerator constant for the reference crop type and

time step
Tmean: daily mean air temperature (◦C)
WND2: daily wind speed 2 m above the ground surface (m/s)
es: daily mean vapor pressure of the air at saturation (kPa)
ea: daily mean actual vapor pressure (kPa)
Cd: denominator constant for the reference crop type and

time step
Equations 4, 5 observe similar structures, but Equation 4

is based on wastewater generated while Equation 5 is based
on stormwater.

2.2.2 Water footprint accounting spreadsheet tool
The WFA tool was developed in the form of an Excel

spreadsheet, with water footprint equations implemented as Excel
Macros using Visual Basic for Applications (VBA) to simplify and
automate calculations of the urban water footprint. The interface
was designed to be user-friendly, with dedicated input sheets for
data entry (e.g., water use, land cover, rainfall, and pollutant loads)
and automated output sheets that generate tabulated results and
summary charts of blue, green, and gray water footprints. This
structure enables quick scenario analysis and visualization of water
footprint patterns across spatial clusters.

2.3 Calculation of water footprint

The WF for UP Diliman was calculated using the WFA
spreadsheet tool. Table 2 shows a summary of the necessary data
input in the spreadsheet, the data entered for UP Diliman, and
their sources.

Calculation of WF was initiated by delineating the
subcatchments in the campus using QGIS. All necessary data
for the calculation of evapotranspiration (i.e., wind speed,
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TABLE 2 WFA data input parameters and corresponding values.

Parameter Data input for UP Diliman Source (or Estimation method)

Number of subcatchments 95 Output from QGIS mapping, refer to Figure 2A

Evapotranspiration Obtained hydrological data from PAGASA Estimated using Penman-Monteith equation

Dominant wastewater pollutant concentration Nitrate (NO3), 30.26 mg/L Doctolero et al., 2018

Water quality standard of wastewater pollutant For Culiat Creek (Class C), 7 mg/L Diaz, 2015

River background level of wastewater pollutant 0.110 mg/L Avila, 2021

Dominant road runoff pollutant concentration Total Suspended Solids (TSS), 431 mg/L Cruz, 2023

Water quality standard of road runoff pollutant For Culiat Creek (Class C), 80 mg/L Diaz, 2015

River background level of road runoff pollutant 65 mg/L Avila, 2021

Pervious and impervious area per subcatchment Pervious and impervious area per subcatchment Output from QGIS mapping

Water consumption Water consumption per building and per household For buildings: UP Diliman Office of the Vice President for
Development (OVPD)
For residential homes: estimated using typical water
consumption values in Metro Manila

Wastewater generation 80% of water consumption Metcalf and Eddy et al., 2013

temperature, relative humidity, solar radiation) were obtained
from PAGASA. For both the wastewater and road runoff pollutant
data, the following data were collected: pollutant concentration of
the wastewater or road runoff, ambient water quality standard of
the pollutant or the maximum allowable concentration, and the
river background level of the pollutant. The wastewater pollutant
data was obtained from a study by Doctolero et al. (2018) on the
water quality of the UP Diliman lagoon. They assessed primary
water quality parameters such as phosphate, nitrate, and ammonia
concentrations. Based on these, the pollutant yielding the highest
pollutant factor was used as the final input. On the other hand,
due to limitations on the road runoff pollutant data specific to UP
Diliman, water quality data from a study by Cruz (2023) was used,
which assessed road runoff from Balanga City, Bataan—an area
with mixed land use in the Philippines. Since Balanga City and UP
Diliman have similar land characteristics and are both urbanized
areas, it is a suitable secondary source for the purpose of this study.

Data specific for each subcatchment were also inputted,
which were the pervious area (m2), impervious area (m2), water
consumption (m3/y), and wastewater generation (m3/y). Before
entering the water consumption per subcatchment, the specific
buildings and number of houses belonging to each subcatchment
were first identified. For the buildings, the water consumption
values from the provided data of OVPD for the year 2023 were used.
For the water consumption of households, they were estimated
using the typical water consumption values for NCR and the
average number of members per household in the UP Campus.
According to the Philippine Institute for Development Studies, an
average Metro Manila resident consumes 48 to 108 liters of water
per day. Moreover, according to the 2015 census, UP Campus has
an average of 4.17 members per household (PhilAtlas, 2015). Based
on this, a typical water consumption of 48 L/capita/day was used to
avoid overestimation, and an average of 5 members per household.
An estimate of the annual water consumption per household was
then obtained with a value of 87.6 m3/y. This value was multiplied
by the number of households present in each subcatchment to

obtain the water consumption contribution of residential houses.
Once all data input was completed, the calculation of urban
water footprint (m3/year) for 2023 was done automatically by the
spreadsheet tool.

3 Results

3.1 Water footprint results

Figure 3 shows a summary of the annual estimates of WF in
UP Diliman, generated from the WFA spreadsheet tool. The total
water footprint per cluster is presented in the summary table which
shows a general overview of the water patterns in UP Diliman. The
highest total footprint was the gray WF of stormwater with a value
of 146,048,674 m3/year, while the lowest total was the blue WF of
rainwater with a value of 1,240,989 m3/year. Gray WF having the
highest amount implies the significant percentage of impervious
surfaces and the pollutant loads it has on its surface. On the other
hand, blue WF of buildings having the lowest value implies that
water consumption is noticeably less than the runoff generated
or the water lost through evapotranspiration. However, a current
limitation is what the values of the total water footprint per cluster
specifically represent due to the absence of urban water footprint
standards. Hence, these numbers will be better interpreted through
a thorough assessment of the subcatchments instead of as a whole.

The highest water footprint per cluster is presented
by returning the subcatchment number together with its
corresponding values. Among all subcatchments, subcatchment 25
(S25) exhibited the highest blue and gray WF of buildings, which
can be attributed to the concentration of houses and residential
structures in the area. Meanwhile, subcatchment 71 (S71) recorded
the highest blue WF of rainwater, green WF, and gray WF of
stormwater, reflecting the combination of built-up areas and open
spaces within its boundaries. Figure 4 shows the location of these
subcatchments within the study area. These findings illustrate how
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FIGURE 3

Summary of UP Diliman WFA.

varying land-use characteristics directly influence water footprint
profiles, reinforcing the importance of spatially explicit analysis in
guiding sustainable water management strategies.

3.2 Water footprint maps

After WFA, the water footprint was mapped using QGIS.
Figure 5 shows the water footprint maps for all WF clusters.
Each WF map has six legend entries, each with different colors
representing a specific range of water footprint values. Most
subcatchments fall under the first legend entry, implying lower
water activity and impact in these areas relative to others. Only
a select few subcatchments fall within the darker colored legend
entries. Moreover, it can be observed that Figures 5A, D have
similar spatial patterns, and the same can be seen for Figures 5B, E.

3.3 Water footprint hotspots

Based on the WFA maps, the water footprint hotspots can
easily be identified for each cluster, as illustrated in Figure 6. Some
subcatchments are consistently observed to be hotspots across
different water footprint clusters, most notably S25 and S71. S25,
identified as a blue and gray WF hotspot, is attributed to its
proximity to two student dormitories and a dense cluster of houses,
resulting in high water demand and consumption. Meanwhile, S71,
identified as a hotspot for blue WF of rainwater, green WF, and
gray WF of stormwater, reflects the area’s mix of undeveloped and
developed elements. It encompasses a portion of a residential area,
a commercial building, three academic buildings, and a large green
area in between these built structures. This unique combination
allows S71 to temporarily store water due to green spaces while
also generating high runoff volumes from impervious areas. These

findings demonstrate how land-use diversity and density directly
shape water footprint hotspots, emphasizing the need for targeted
management interventions such as water-saving measures in high-
demand zones and Low Impact Development (LID) practices in
mixed-use areas.

4 Discussion

4.1 Water footprint accounting method

Manzardo et al. (2016) and Fialkiewicz et al. (2018) proposed
urban WFA methods that compute the blue, green, and gray
water footprints using numerical analysis. Similar to this study,
they addressed improving the applicability of WFA in urban areas
given that it is complex and resource consuming. Manzardo et al.
(2016) introduced a modular approach which uses the concept of
“building blocks.” In this method, the type of buildings is separated
and assumed that each type has homogeneous characteristics. By
further dividing an urban area into smaller-scale boundaries, the
differences in water use are better taken into account. This also
includes defining the green areas, impervious areas, and other
structures that require water use. Since such methodology is still
data intensive, Fialkiewicz et al. (2018) aimed to simplify the
modular approach by using surface areas in place of building blocks
to represent the urban area. This needed less data and relied on
information that is more easily obtained.

Both these methods were integrated into the WFA approach
presented in this study, specifically in terms of taking into account
urban surfaces in WFA and using numerical analysis. However,
instead of looking at the water footprint of an urban area as a
single unit, this study focused on analyzing the water footprint of
subcatchments within the urban area, which were delineated using
QGIS. A GIS-based approach delineates subcatchments based on
industry or land-use type which enables a more spatially targeted
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FIGURE 4

Subcatchment 25 (S25) and subcatchment 71 (S71).

water footprint assessment, aligning with the WF method used by
Chuang et al. (2023).

Chuang et al. (2023) also expanded the definition of the
blue water footprint for urban areas, introducing the “blue WF
of buildings” and the “blue WF of runoff.” This study adapted
such expanded definitions to account for the complexity of water
processes in mixed land use catchments. The term “blue WF of
buildings” retained, defined as the water consumption, while the
“blue WF of runoff” is referred to as “blue WF of rainwater” in this
study. This concept of expanding WF clusters was also applied to
the gray water footprint—introducing the gray WF of buildings and
gray WF of stormwater, which are the gray WF counterparts of the
blue WF of buildings and blue WF of rainwater, respectively.

Unlike these methods, the approach done in this study
introduced a localized approach to calculating the water footprint
by integrating select WFA equations into a spreadsheet tool. This
not only reduces the complexity of the WFA process, but also

addresses the gap on the availability of WFA tools for urban
water footprint calculations. Consistent with published methods,
applying WFA to a mixed land use catchment reveals information
on areas that may need improvement in their water management
capacities. The consistent gap observed among published methods
that has yet to be addressed is the establishment of WF standards
which can be used to interpret WF results.

4.2 Water footprint analysis of UP Diliman

WFA results show the high impervious area coverage of
UP Diliman, which may be attributed to the new urban
developments that were both completed and currently being
done on campus. According to the Land Use Development and
Infrastructure Plan of UP Diliman for 2020–2038 (Office of the
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FIGURE 5

Water footprint maps of UP Diliman: (A) Blue water footprint of buildings. (B) Blue water footprint of rainwater. (C) Green water footprint. (D) Gray
water footprint of buildings. (E) Gray water footprint of stormwater.

FIGURE 6

Hotspots per WF cluster.

Vice Chancellor for Planning and Development and Office of the
Campus Architect, 2022), the campus grows annually in terms of
programs offered and student enrollees. This leads to potential

supply vulnerabilities that introduce the need to increase built
assets and upgrade spatial components. Since development is
inevitable, it is important that these are carefully planned and
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implemented sustainably to preserve the green spaces within
the campus.

The total water footprint is summed per cluster instead of
obtaining the overall sum of all WF clusters. They cannot be
added to get a representative water footprint for the study site
as each cluster represents different uses of water. Consequently,
this can be useful in analyzing various dimensions of urban water
management. This also highlights the value of having different WF
components as it can support decision-makers on investments and
policy formation related to water use, consumption, and treatment.

By observing the different WF hotspots, an overview of
their characteristics can be obtained. Subcatchments with high
blue WF of buildings typically contain a dense concentration of
structures, particularly academic and residential buildings. These
are areas that have high water consumption, and consequently,
have high wastewater generation. Blue WF of buildings is used for
different purposes within the campus such as for toilet flushing,
sanitation, and groundskeeping. Identified hotspots for this cluster
are subcatchments with large-capacity academic buildings, student
dormitories, and densely clustered houses which evidently have
high water demand.

High blue water footprint of rainwater is attributed to areas
that are more developed compared to other subcatchments.
Such subcatchments produce a high amount of runoff given the
presence of built-up, impervious areas, in particular, academic and
residential areas. As observed, impervious surfaces have a higher
runoff contribution compared to the pervious surfaces, given that
impervious surfaces occupy larger surface areas and have a higher
runoff coefficient.

Moreover, subcatchments with high green water footprints are
areas with vegetation that actively utilize stored soil moisture and
have significant evapotranspiration. Given this, evapotranspiration
input data is crucial as it would greatly affect the resulting WF
amount. Higher green WF is observed in subcatchments with
open areas and vegetation. Knowing the green WF would aid
in identifying which areas need to be improved in terms of
infiltration capacity.

Gray water footprint hotspots are essentially scaled blue
water footprints, multiplied by a pollutant factor derived from
the dominant pollutant, implying that blue WF hotspots also
indicate gray WF hotspots. High gray WF is observed in
dense clusters of academic and residential areas. This would
be especially useful in assessing water quality, and ultimately
point to the improvement of pollutant removal from stormwater
and wastewater.

Overall, in a mixed land-use setting like UP Diliman,
water consumption and runoff generation vary significantly
depending on the density of structures, building use, and the
proportion of open areas. Subcatchments identified as hotspots
for multiple WF clusters exhibit overlapping footprints due
to the diverse land-use zones they encompass. Academic and
residential zones show higher blue and gray WF because of their
numerous water-reliant operations and wastewater discharges,
while commercial zones display moderate blue and gray WF
as their overall consumption is lower compared to residential
and academic buildings. Meanwhile, green spaces and open
areas contribute to the green WF by temporarily storing water

and reducing runoff, unlike impervious surfaces. These findings
underscore the importance of tailoring water management
strategies to land-use characteristics. For UP Diliman, integrating
WFA insights into campus policies could strengthen existing
sustainability programs, such as promoting water conservation
in dormitories and academic buildings, enforcing stricter
wastewater management measures, and expanding green
infrastructure to maximize the regulating benefits of open
spaces. By aligning water management practices with land-use
patterns, the university can better achieve its sustainability and
resilience goals.

4.3 Limitations and recommendations

While the analysis of the water footprint and identification
of WF hotspots provide valuable insights, there are certain
limitations that have been encountered in mapping the pervious
and impervious surfaces. It is important to note that this study
used the 2020 land cover map in determining the pervious
and impervious areas, which is not consistent with most of
the other input data that were based on year 2023. Moreover,
the land cover map was observed to generalize certain parts
of the subcatchment, in particular the built-up areas. It is
recommended to utilize satellite imagery which would provide
higher accuracy in determining impervious areas, especially in
urban catchments, as it is based on user-defined training points
that would allow separate classification of buildings, roads, and
other impervious elements. Another limitation is the lack of water
footprint standards that can be used to easily classify specific
areas or subcatchments as water footprint hotspots, which future
studies may explore. Water footprint standards also allow a more
systematic interpretation and understanding of the calculated water
footprint of an area.

Future studies may also focus on different sustainability
assessments such as by calculating and comparing the urban water
footprint of different areas, assessing the impacts of climate change
on the water footprint, and checking for water stress indicators.
WFA is still heavily lacking research, especially on a local scale.
Furthering the studies on WFA would greatly benefit cities and
communities, and by increasing their awareness on the use of
WFA, sustainable urban water management and planning would
be better achieved.

Given the identified WF hotspots, several strategies can be
adopted to improve the hydrologic condition of the campus. In
the short term, immediate and low-cost interventions can be
pursued. These include the installation of water-saving technologies
in building-related blue WF hotspots, such as replacing single-
flush toilets with dual-flush systems, which have been shown
to significantly reduce municipal water use (Grant et al., 2012).
Rainwater harvesting systems can also be installed on structures
with large rooftop areas to collect and reuse runoff for various
domestic purposes (Chuang et al., 2023). In addition, gray WF
hotspots may benefit from the early adoption of bioretention
systems and vegetated swales, which can facilitate the treatment of
stormwater and road runoff. In the medium term, more structural
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interventions can be implemented through water-sensitive urban
planning and the integration of Low Impact Development (LID)
practices. For blue WF of rainwater hotspots, strategies such as
sustainable urban drainage systems and LID features—including
permeable pavements and rain gardens—can be constructed to
reduce runoff and improve infiltration (Fialkiewicz et al., 2018).
Green WF hotspots, meanwhile, can be enhanced by introducing
infiltration trenches and constructed wetlands, which improve
natural water retention and mitigate downstream flooding risks.
At this stage, campus planning guidelines may also be revised
to incorporate water-sensitive and sustainable design in both
new infrastructure projects and retrofits of existing facilities. In
the long term, the integration of WFA-based hotspot analysis
into campus-wide policies will be essential to sustain progress.
This entails institutionalizing water-sensitive design as a standard
requirement for infrastructure development and establishing
a comprehensive campus water management framework that
combines monitoring, modeling, and adaptive planning in line
with climate resilience objectives. Over time, UP Diliman campus
may also serve as a model for other urban and mixed land-
use areas, promoting the wider adoption of best practices such
as LID.

5 Conclusion

This study presented a method on urban WFA by adapting
existing WF equations and models. A water footprint accounting
spreadsheet tool was created to automate the process of water
footprint accounting, which would yield the amounts of blue, green,
and gray water in a specific urban area. Five different WF clusters
have been defined in this study: blue WF of buildings, blue WF
of rainwater, green WF, gray WF of buildings, and gray WF of
stormwater. The tool was used to calculate the water footprint of
UP Diliman and revealed WF hotspots.

Water footprint accounting revealed spatial patterns in water
use and consumption, and allowed a more thorough analysis
of urban water patterns. The results of WFA for UP Diliman
imply the need for future built developments to be carefully
planned and implemented through sustainable means to preserve
the green areas of the campus. Moreover, the mapped water
footprint revealed water footprint hotspots throughout the area.
These areas are those whose hydrologic condition may be enhanced
through the improvement of urban water systems, implementation
of water-saving technologies, or allocation of LID practices.
Trends in WF hotspots also show that they are indicators of
urban characteristics, such that blue and gray WF hotspots
indicate that a certain area is highly developed relative to other
areas, while a green WF hotspot imply that evapotranspiration
is significant.

The results of this study demonstrate that WFA can serve as
a robust, evidence-based approach for managing and improving
urban water systems while ensuring sustainability. By quantifying
and mapping water footprints across different clusters, WFA
provides critical insights into hidden dependencies, consumption
patterns, and pollution hotspots. As such, the WFA tool developed
in this study offers practical value for local planning offices,

particularly in guiding sustainable urban water management within
mixed land-use catchments. Its application can inform policy,
prioritize interventions, and support the integration of water-
sensitive practices into long-term urban development strategies.
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