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Abstract: Due to the cumulative effects of rapid urbanization, population growth and climate change,
many inland and coastal water bodies around the world are experiencing severe water pollution.
To help make land-use and climate change adaptation policies more effective at a local scale, this study
used a combination of participatory approaches and computer simulation modeling. This methodology
(called the “Participatory Watershed Land-use Management” (PWLM) approach) consist of four major
steps: (a) Scenario analysis, (b) impact assessment, (c) developing adaptation and mitigation measures
and its integration in local government policies, and (d) improvement of land use plan. As a test
case, we conducted PWLM in the Santa Rosa Sub-watershed of the Philippines, a rapidly urbanizing
area outside Metro Manila. The scenario analysis step involved a participatory land-use mapping
activity (to understand future likely land-use changes), as well as GCM precipitation and temperature
data downscaling (to understand the local climate scenarios). For impact assessment, the Water
Evaluation and Planning (WEAP) tool was used to simulate future river water quality (BOD and
E. coli) under a Business as Usual (BAU) scenario and several alternative future scenarios considering
different drivers and pressures (to 2030). Water samples from the Santa Rosa River in 2015 showed
that BOD values ranged from 13 to 52 mg/L; indicating that the river is already moderately to
extremely polluted compared to desirable water quality (class B). In the future scenarios, we found
that water quality will deteriorate further by 2030 under all scenarios. Population growth was found
to have the highest impact on future water quality deterioration, while climate change had the lowest
(although not negligible). After the impact assessment, different mitigation measures were suggested
in a stakeholder consultation workshop, and of them (enhanced capacity of wastewater treatment
plants (WWTPs), and increased sewerage connection rate) were adopted to generate a final scenario
including countermeasures. The main benefit of the PWLM approach are its high level of stakeholder
involvement (through co-generation of the research) and use of free (for developing countries) software
and models, both of which contribute to an enhanced science-policy interface.

Keywords: water quality; WEAP; climate change adaptation; urbanization; domestic wastewater
management; sustainable development goals
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1. Introduction

Population growth, rapid urbanization and climate change are continuously depleting finite
fresh water resources, affecting both its quality and quantity [1]. Since institutional capacity are often
limited, the threat of poor water quality, as well as unavailability of water, looms large on the horizon,
particularly for developing countries [2,3]. To deal with future uncertainties in water quality and
predict its future situation, scenario analysis through numerical quantification (using Integrated Water
Resource Models) are of great significance, which may address key decision choices and facilitate
targeted intervention. Nonetheless, water quality scenarios, as in other cases, requires trans-disciplinary
approaches, including hydrological science, climate science, social science and local policies. It is
imperative to ensure that local policy planners can understand, relate and utilize the hydrological
modelling and scenario analysis at their respective watershed level, so as to prepare for a resilient
future and achieve global targets, such as Sustainable developments goal 6.0 [4].

As a holistic approach, climate change adaptation actions at the watershed level are needed
to reduce risks related to extreme hydro-meteorological weather conditions as well as to manage
water quality and freshwater ecosystem [5]. For example, Proctor et al. [6] found that implementing a
watershed management plan could be a win–win situation in terms of reducing water scarcity and
generating economic revenue. At the national level, [7] found that a resilience-focused national strategy,
consisting of broad-based resilience building across financial, human, social, natural and physical
capital provides substantial future reduction of costs associated with climate disasters (El Niño).

Many researchers, in theory, argue that climate change adaptation and mitigation policies should
be simultaneously developed to maximize their effectiveness, however, there is little understanding for
how to do it in practice [8–12]. Holistic approaches to land-use planning and management, as well as
incorporating other key drivers and pressures like climate change and population growth, may prove
pivotal to bridge the adaptation and mitigation gaps, particularly against the backdrop of rapidly
urbanizing developing countries.

The Philippines is a rapidly growing country (GDP over 7%), but the growth has
sustained uncoordinated rapid urban expansion, together with inadequate wastewater management
infrastructure [13]. As a result, surface water resources remain under severe pressure due to direct
discharge of wastewater. A series of extreme weather events, including floods and typhoons, further
exacerbates the water quality deterioration. Nevertheless, only a couple of studies actually attempted
to understand the status of water resources and their management strategies for the near future.
Considering the gap in integrating climate change adaptation and mitigation measures into the land-use
planning process at the watershed level, we indulged a multi-stakeholder participatory approach to
develop a robust and resilient water resource management strategy. The present work was conducted
in the Santa Rosa Sub-watershed, located near Metro Manila and alongside the Laguna de Bay lake
(largest lake in the Philippines), and involved local governments as well as national agencies (the
Laguna Lake Development Authority). We selected this study site because Santa Rosa City, the largest
city within this watershed, is witnessing rapid industrial growth and expected to become the “Silicon
Valley” and “Detroit” of the Philippines [14]. This also resulted in swift land use change, population
influx and deterioration of water quality. So far, only a few scientific studies have addressed the water
quality deterioration in this region using different methods like machine learning and/or time series
analysis, and they found that river water was greatly polluted in reference to national guidelines [15,16].
However, the main limitations of the above studies were the limited period of observation and the lack
of management guidelines both at short and long time scale. Looking in to the above knowledge gap,
we have proposed an integrated approach also called “Participatory Watershed Land-use Management
(PWLM) approach” to target water management issues from cradle to grave. This work will contribute to
evidence-based policymaking (through giving meaningful inputs to local governments’ “Local Climate
Change Action Plans” and “Comprehensive Land Use Plans”) related to sustainable water management
by assessing the current and future water quality situation in the Santa Rosa River. We used a numerical
simulation tool, the Water Evaluation and Planning (WEAP), to model river water quality under
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different scenarios. Finally, based on the hydrological simulation output, necessary adaptation and
mitigation countermeasures and there inclusion in to local policy planning for four local government
units within one watershed (Silang-Santa Rosa watershed) of the Laguna de Bay lake, Philippines.

2. Study Area

Santa Rosa is one of the major rivers that passes through cities of Biñan, Santa Rosa, Silang City,
Cabuyao and very small portion of Tagaytay as shown in Figure 1. Annual rainfall in the study area is
1950 mm [17]. Population in Santa Rosa Watershed area is 641,884 as of year 2013 [18]. Whole area
under the watershed is 108.2 Km2 [5]. A Land Use/land cover map for the year 2014, developed through
a supervised classification of a Landsat 8 image, indicated that the watershed is comprised of seven
categories, namely: coconut (7%), built up (25%), forest (8%), grassland (25%), industrial (9%), mixed
crop (8%), and rice crop (17%) [5]. For the modeling purpose, we have considered only four local
government units (LGUs), i.e., Binan, Santa Rosa, Siland and Cabuyao, as the area of Tagaytay falling
under the Santa Rosa sub-watershed is extremely small.
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3. Methodology

3.1. Participatory Watershed Land-Use Management (PWLM) Approach

This approach consists of following four steps: (i) Scenario analysis, (ii) impact assessment,
(iii) Climate change adaptation and mitigation (CCA&M) measure development, and (iv) Land-use
plan improvement (Figure 2).

1. The first step, scenario analysis, aims at understanding the problems that the local governments
face in terms of water quality deterioration, as well as the future land-use and development
plans of the city/municipality. For this analysis, participatory rapid appraisal activities including
key informant interviews, focus group discussions, and participatory land-use mapping, are
conducted with representatives from each LGU. The government officials participating in these
discussions typically come from different departments, including urban planning, agriculture,
environment, and disaster risk reduction and water resource management. Through key informant
interviews and focus group discussion, we identified the main issues pertaining water resource in
terms of both quality and quantity, using basic sets of questions. For the participatory mapping,
officials produce a map of the land-use changes expected to occur over the next decade (until
2030) by sketching the future land conversions on a (poster-sized) sheet of tracing paper overlaid
onto the current land-use map. This information is later digitized and georeferenced using
Geographical Information Systems (GIS) software as shown in Figure 2.

2. The second step, impact assessment, involves estimating the impacts of the planned land-use
changes, climate change and population growth on water quality. For this, Water Evaluation and
Planning (WEAP), an integrated water resource management (IWRM) hydrological model, was
used. The WEAP model is capable to estimate both water quality and quantity using scenario
analysis. The other reason to select this model was that it is free for developing countries, hence easy
for the hydrological officers to replicate such studies by themselves after capacity development.

3. The third step, CCA&M measure development, aims to devise possible climate actions for both
adaptation and mitigation in consultation with the local governments, and prioritize these actions
according to their feasibility and urgency. Another focus group discussion (FGD) session was
organized including participants from Water Quality Management Authority (WQMA) board
members, Laguna Lake Development Authority (LLDA) (a prime nodal agency dedicated to water
resource management in and around Laguna De Bay area) officials from environment and water
divisions, environmental officers in-charge of water management from four LGUs falling within
Santa Rosa river watershed. We requested the officials to identify measures based on the needs
of each local government. Through this FGD, a set of possible countermeasures like building
wastewater treatment plants (WWTPs), river rehabilitation, reduction in industrial effluent
discharge without treatment were presented. Further consultation then led to the identification of
priority measures.

4. Step four, land-use plan improvement, aims to support local governments to strengthen their
land-use and related development plans through dialogue on the recommendations generated
from the previous three steps. At present, there is no adaptation and mitigation measures for water
quality improvement, mentioned in the LGUs’ land-use plans. Therefore, we have evaluated
the hypothetical installation of WWTPs of capacity 164MLD and its impact on water quality
improvement. Based on the positive simulation result we got, suggestions were provided to local
government units (LGUs) policy documents i.e., Comprehensive land use plan (CLUP) [19] or
Local climate change action plan (LCCAP).
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Figure 2. Research methodology.

3.2. Hydrological Model

WEAP model is used to simulate river discharge and water quality variables. Using GIS files for
administrative boundary of the study area and drainage network, schematic diagram was developed.
Whole study area is divided into smaller catchments based on the topographical, hydrological,
confluence points, and climatic characteristics of the river basin Different catchment methods, namely
rainfall runoff (simplified coefficient method), irrigation demands only (simplified coefficient method)
and rainfall runoff (soil moisture method) that are available in the WEAP platform enable it to simulate
different components of hydrological cycle including the catchment’s potential evapotranspiration (by
using crop coefficients), surface runoff and infiltration of rainfall. Based on the data availability, the
rainfall runoff method (simplified coefficient method), is used for the catchment simulation [20].

Streeter–Phelps model within WEAP was used to estimate pollution concentrations in water bodies.
Simulation of oxygen balance in a river within this model is governed by two processes i.e., consumption
by decaying organic matter and reaeration induced by an oxygen deficit. The removal BOD from water
is a function of water temperature, settling velocity, and water depth Equations (1) and (2):

BOD f inal = BOD init exp
−krBODL

U (1)

krBOD = kd20
1.047(t−20) +

υs

H
(2)

where BODinit = BOD concentration at the top of the reach (mg/L), BODfinal = BOD concentration at the
end of the reach (mg/L), t = water temperature (in degrees Celsius), H = water depth (m), L= reach
length (m), U = water velocity in the reach, υs = settling velocity (m/s), kr, kd and ka = total removal,
decomposition and aeration rate constants (1/time), kd20 = decomposition rate at reference temperature
(20◦ Celsius).

Data Requirement for Model Set Up

Scenario based future (year 2030) prediction of the water quality is done to visualize plausible
alternative water management policies in the Santa Rosa River. Datasets used for the modeling were
domestic wastewater discharge, past River water quality at different monitoring stations, population,
rainfall, temperatures, river cross section, river length, river discharge, land use/land cover etc.
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For water quality parameters, we have used biochemical oxygen demand (BOD) and total coliforms
(which was later assumed as equivalent to Escherichia coli counts) collected at three points on Santa Rosa
River. Data for both water quality parameters was analyzed by LLDA following the standard method
of water quality analysis from APHA [21]. Principal reasons for selecting sampling locations were
the accessibility of water samples, saving cost and to observe effect of urbanization at approximately
equidistant throughout the river length passing through the watershed. For hydrological modeling,
four catchment areas in the Santa Rosa watershed, which experienced inter-basin transfers were
considered. Pollutant transport from a catchment accompanied by rainfall-runoff is enabled by ticking
the water quality modeling option During non-rainy days, pollutants accumulate on the catchment
surfaces and reach water bodies through surface runoff. Regarding future precipitation data, three
different Global Climate Models (GCMs) (MRI-CGCM3, MIROC5, HadGEM-ES) and Representative
Concentration Pathway (RCP) (4.5 and 8.5) output were used after downscaling and bias correction.,
We have evaluated average value of the change in monthly average precipitation for both RCP 4.5 and
8.5 in order to evaluate the climate change on water quality. The whole study area is divided into four
demand sites for estimating the effect of population growth and its associated domestic wastewater
discharge on river water quality status. Primarily, these demand sites denotes population of different
LGUs lying on either side of the Santa Rosa River within our study area. Future population in these
demand sites were estimated by ratio method using UNDESA projected growth rate [22]. In the absence
of exact information on the total domestic wastewater production, the daily volume of domestic
wastewater generation per person considered for this study was 130 liters [23]. Whole simulation
process is divided in three phases: (a) Model set-up and data input, (b) calibration and validation,
and (c) future simulation using scenario analysis. Schematic diagram for the model set-up is shown
in Figure 3.
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4. Results and Discussion

4.1. Future Prediction of Key Drivers and Pressures

For this study, three drivers and pressures i.e., population growth, climate change and land use
land cover were considered to estimate impact of its change in water quality. Here source for current
population (2013) data is Philippine Statistics Authority, while future population is estimated with
growth rate provided by UNDESA [22]). UNDESA provides future population of different countries
for different administrative levels with population growth rate at every five years. This growth
rate is predicted based on the population growth in past twenty years, rate of economic growth,
industrial growth and other likely factors. We have also adopted these population growth rate to
predict population of the study area and result is show in Figure 4. It is found that total population,
which was 638,711 in year 2013, will be projected to grow to 1,283,202 by year 2030.
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Figure 4. Plot showing trend in population growth in the study area.

A summary of the observed and projected monthly precipitation (mm) values after climate
downscaling is presented in Figure 5. For annual precipitation, the observed value for the year 2015
was 2803.2 mm. On the other hand, projected annual precipitation values for the year 2030 using
different GCMs and RCPs ranged from 1658.5 to 2806.9 mm. The output from the HadGEM-ES GCM
showed a sharp decrease in precipitation, especially during summer month, which was considered as
an anomaly and hence not included during our scenario building. Looking at the outputs from other
GCMs (MRI-CGCM and MIROC5), it was clear that the annual precipitation projected from GCM
downscaling is not much different from the current observed value. However, looking carefully, there
is some difference between these values at the monthly scale. Therefore, in this research, we wanted to
estimate whether this small changes on precipitation has any significant changes on the water quality
or not.
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Figure 5. Comparison between observed and downscaled Global Climate Models (GCMs) output for
monthly average rainfall. Here three GCMs used are MRI-CGCM, MIROC5 and HadGEM-ES. Suffix 45
and 85 represents RCP 4.5 and 8.5 used here.

Other drivers used to observe water quality deterioration was land use land cover change and the
result is shown are shown in Figure 6. From the figure, it is found that among five different land use
land cover classes; only built-up is showing positive changes i.e., percentage share of built-up area to
the total area is increasing. Also, this change is happening at the expanse of decrease in agriculture, idle
land/grassland, rice field and tree. Further, percentage increase in built-up area will be maximum for
Silang followed by Cabuyao, Binan and Santa Rosa. In case of loss of agricultural land, highest change
was observed for Silang, followed by Cabuyao, Santa Rosa and Binan. For percentage reduction in the
idle land/grassland the order was Silang, Cabuyao, Binan and Santa Rosa. Looking into the percentage
reduction of rice field, both Binan and Santa Rosa are suffering most followed by Cabuyao, where
Silang is least impacted. Looking into the percentage reduction in tree cover the order was Silang,
Binan, Cabuyao, and Santa Rosa.
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Figure 6. Percentage of land use land cover change among four different local government units (LGUs)
coming within Santa Rosa sub-watershed.

4.2. Hydrological Simulation Using WEAP

4.2.1. Model Performance Evaluation

Before doing future simulation, it is important to check the performance credibility of the WEAP
model through calibration and validation. For model validation, stream flow and BOD were used
for hydrological and water quality components respectively. For calibration, trial and error method
was applied during simulation in order to get best-fit results. Mainly effective precipitation and
runoff/infiltration were adjusted to reproduce the observed monthly stream flows for the year of 2015
(Table 1). The final best-fit values for both entities was 92% and 55/45 respectively. Validation result for
both stream flow and BOD is shown in Figure 7a,b respectively. Figure 7a, shows a relation of monthly
simulated and observed stream flows for Santa Rosa midstream station. Significant association was found
for most of the months with correlation coefficient (R2) � 0.78, root-mean-square error (RSME) � 0.23,
and an average error of 13%. For water quality validation, both simulated and observed concentration of
BOD from the year 2014 was considered. Here, also results show a strong relation between observed
and simulated BOD concentrations (with error of 14%) (Figure 7b) authorizing credibility of the model
performance in study area. Selection of year 2015 and 2014 for stream flow and BOD respectively, were
made because of the observed data availability.

Table 1. Summary of parameters and steps used for calibration.

Parameter Initial Value Step Final Value

Effective precipitation 100% ±0.5% 92%
Runoff/infiltration ratio 50/50 ±5/5 55/45
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4.2.2. Scenario Analyses

For water quality, simulation is done using two scenarios namely future scenario without
adaptation measures (for the risk assessment i.e., step two of PWLM) and future scenarios with
adaptation measures (after the stakeholders for identifying countermeasures i.e., step three).

For impact assessment, we have considered all three drivers and pressures. Five sets of simulated
concentration were obtained considering following “what-if” situations without adaptation measures,
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(a) with population growth only; (b) with population growth and moderate climate change; (c) with
population growth and extreme climate change; (d) with population growth, moderate climate change
and land use land cover change; and (e) with population growth, extreme climate change and land use
land cover change. Result obtained through hydrological simulation were compared with national
guideline for class B i.e., swimmable category (BOD < 3 mg/L and E. coli < 500CFU/100 mL) [24] is
shown in Figure 8.
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Figure 8. Result shows simulated water quality parameters (a) BOD (b) E. coli for future scenario
without adaptation measures.

Simulated concentration of BOD for year 2015 varies from 13 to 52 mg/L. When compared to
the desirable concentration of BOD from Class B, it can be said that all samples throughout the year
falls under moderately to extremely polluted category. Average percentage increase in the BOD and
E. coli by 2030 is 76% and 104% respectively when compared with situation in 2015. Looking into
the result from future scenarios, it is found that the effect of all climate change, land use/land cover
change and population changes are prominent in water quality status and water quality will deteriorate
further in 2030 when compared to the current situation. We have further analyzed the impact of
individual drivers and pressure on water quality deterioration and result is shown in Table 2. It was
found that, the order of average deterioration effect of water quality (both for BOD and E. coli) due to
population growth, climate change and land use/land cover change were population growth > land



Water 2020, 12, 1172 12 of 15

use/land cover change > climate change. This result can be explained, as amount of wastewater being
generated will grow automatically with population increase without any countermeasures. On the
other hand, land use land cover change as well as climate change induced extreme weather condition
will trigger the changes in River discharge. This change in River discharge will cause change in water
quality parameters due to oxidation-reduction process. This clearly depicts that building any local
climate resilient plan must consider these three key drivers and pressures which likely to impact water
resources. Although effect of climate change is not huge but it is significant enough to make the local
master plan more robust for sustainable future water environment. In addition, based on the simulated
water quality, river water likely to pose potential health risks like gastroenteritis if consumed accidently
(microbial contamination), and death of aquatic organisms like fish (because of high BOD).

Table 2. Summary for order of contribution of different drivers on water quality deterioration in Santa
Rosa sub-watershed.

Parameter Average % Increase
(2015 to 2030)

% Contribution from
Population Growth

% Contribution from
LULC Change

% Contribution from
Climate Change

BOD 76 66 23 11
E. coli 104 71 20 9

4.2.3. Scenario with Adaptation Measures

In step three of PWLM, an experts meeting and stakeholder consultation workshop was
organized to identify possible countermeasures to mitigate the expected water quality deterioration.
Participants were governmental officials from department of water resources, environment, irrigation,
fisheries, infrastructure etc., both at national and provincial level; consultants, NGOs, academia.
List of possible countermeasures, which were discussed were: (a) Building Wastewater Treatment
Plants (WWTPs) and sewerage connection to each households, (b) cleaning the riverfronts, (c) strict
regulation on discharge of untreated/partially treated industrial effluents to the waterbodies, (d) diligent
monitoring (sampling and analysis) of water quality, (e) minimizing the human impacts on river
catchment areas etc.

In this study, we have quantified the effect of first suggested countermeasure i.e.,
Building Wastewater Treatment Plants (WWTPs) and sewerage connection to each households.
Here the capacity of WWTP was decided based on the projected wastewater discharge by year 2030,
which was 166,816,291 liter of wastewater generated per day. Hence, we have considered two WWTPs
of combined capacity of 164 MLD estimated as shown in Table 3. All considered WWTPs are of
Upflow Anaerobic Sludge Blanket Reactor Coupled with Sequencing Batch Reactor (UASB-SBR) type.
These WWTPs are designed with high contaminant removal efficiency as 97% for BOD and 99.69% for
fecal coliform [25]. In addition, we have also considered 100% sewerage connection rate.

Table 3. Summary for WWTPs considered for the scenario building.

WWTP Future Population (2030)

Wastewater Generated
in Liter Per Day for the

Year 2030@130
liter/capita/day

WWTP Capacity in
Million Liter Per Day
(MLD) Assumed for

Numerical Simulation

WWTP 1 (will serve Santa Rosa
and Cabuyao) 1,031,553 134,101,847 134

WWTP 2 (will serve Binan
and Silang) 251,650 32,714,443 32

Based on the above assumption, water quality for scenario with countermeasures was simulated
and the result is shown in Figure 9. Simulated value of BOD ranged from 8 to 17 mg/L and average
BOD reduction of 62 percent when compared with current status. On the other hand, simulated
value of E. coli ranging from 35,783 to 112,948 CFU/100 mL with an average reduction of 98 percent
when compared to current situation. Although water quality improved a lot which is an encouraging
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sign but to achieve water quality of Class B, government need to adopt more than one adaptation
measures together.

Finally, suggestions for adaptation measures with scientific evidence of their impact were
communicated to the Local Government Officials to incorporate this suggestion in their policy
documents like i.e., Comprehensive land use plan (CLUP) or Local climate change action plan (LCCAP)
for sustainable water resource management [19].
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Figure 9. Result shows simulated water quality parameters (a) BOD (b) E. coli for scenario with
adaptation measures.

5. Conclusions

Although there are typically multiple institutions dealing with land-use and water quality issues
within a watershed (e.g., local and provincial governments, NGOs, and private companies), disconnects
and/or redundancies often occur in their work, which presents a major obstacle in institutional set-up.
Therefore, a transdisciplinary and integrated (both bottom-up and top-down) approach should be
employed for solving this complex issue of water resource management. Along these lines, this study
emphasized that the Participatory Watershed Land-use Management (PWLM) approach can aid the
sustainable management of water resources if all the key stakeholders and LGUs involved work in
a holistic manner rather in silos. Hydrological simulation presented a clear picture for the current
status as well as future prediction of water quality throughout the Santa Rosa River using scenario
analysis. The PWLM approach provides an integrated framework for water resource management,
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where retrofitting models are being developed with regular feedbacks of different stakeholders to meet
their need and to feel ownership of the simulated results. Although PWLM has been applied in a
previous work to estimate the impacts of land-use change and climate change on urban flooding [5],
this is the first study to utilize PWLM for water quality assessment and management. As the number
of sampling locations used is relatively few in this study (and in the area around the Laguna de Bay
lake in general), more sampling locations along with increased frequency of monitoring (as well as
monitoring of additional organic/inorganic water quality parameters) should be a priority to promote
for further studies in this critical region.
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