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PART I

Foreword
The Water Accounts of the Philippines are environmental accounts currently being
developed and compiled by the Philippine Statistics Authority (PSA) under the Philippine
Economic-Environmental and Natural Resources Accounting (PEENRA) Project. The
PEENRA Project was established to compile environmental accounts to generate macroindicators that reflect the relationships and interactions between the environment and the
economy.
The PSA presents this progress report on developing the asset and flow accounts for water
resources in line with its mandate to provide information for evidence-based policymaking in
support of the country’s thrust towards sustainable development. These accounts follow the
United Nations (UN) System of Environmental-Economic Accounting (SEEA) 2012 Central
Framework, the global standard for environmental accounting. As this is the initial attempt to
compile environmental accounts for water resources following the SEEA Central Framework,
this report is to be appreciated as a work-in-progress as it will continually be updated and
improved. It serves as the basis for future work towards institutionalization, such as
addressing data gaps and establishing estimation methodologies. As with other initiatives to
develop operational frameworks and methodologies, the PSA deemed it wise to create
linkages and partner with organizations of the United Nations, the private sector, civil society
organizations, academe, and stakeholders within concerned industries. The call to support
the operationalization and institutionalization of the framework on environmental accounting
turned out to be a success with the help of various stakeholders in this PSA endeavor.
The PSA would like to express its sincerest gratitude to the following agencies for their
invaluable support in providing the necessary data: Metropolitan Waterworks and Sewerage
System (MWSS) and its concessionaires, Maynilad Water Services Inc. (MWSI) and Manila
Water Company Inc. (MWCI); Local Water Utilities Authority (LWUA); National Water
Resources Board (NWRB); National Irrigation Administration (NIA); Philippine Council for
Agriculture, Aquatic, and Natural Resources Research and Development (PCAARRD) and
Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA) of
the Department of Science and Technology (DOST); Mines and Geosciences Bureau (MGB)
of the Department of Environment and Natural Resources (DENR); National Power
Corporation (NPC); Laguna Lake Development Authority (LLDA); National Mapping and
Resource Information Authority (NAMRIA); Bureau of Fisheries and Aquatic Resources
(BFAR) of the Department of Agriculture; and Philippine Economic Zone Authority (PEZA). It
also wishes to acknowledge the assistance provided by the members of the Interagency
Committee on Environment and Natural Resources Statistics (IACENRS) and of the
Technical Working Group on Water Resources Statistics (TWG-WRS) for their cooperation
and constructive suggestions.

LISA GRACE S. BERSALES, Ph.D.
Undersecretary
National Statistician and Civil Registrar General
Quezon City, Philippines
January 2019
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EXECUTIVE SUMMARY
This report presents the progress on the development of the Water Accounts of the
Philippines, specifically, the physical asset and flow accounts for water resources of the
country. Central to this report is the assessment of data availability and estimation
methodologies to establish the compilation of the water accounts.
With this main objective at hand, the report is divided into six sections to describe the
rationale of compiling the water accounts, concepts, estimation methodologies, preliminary
results and data limitations, and future directions of the study. The introductory chapter
provides a brief situational analysis of water resources and outlines the objective of the
study. The second chapter presents a review of country experiences, as well as earlier
Philippine initiatives, on water accounting. The third chapter discusses the UN System of
Environmental-Economic Accounting 2012 – Central Framework (SEEA-CF), the guidance
document of this compilation. The next chapter describes how the framework is
operationalized in the Philippine setting, including the scope and coverage, the various data
sources, and the methodologies employed. Afterwards, the chapter on the results and
discussion follows, with emphasis on the identified data gaps and measurement concerns.
Lastly, a summary of the study and the next steps for its continuous improvement are
discussed. The references and unabridged tables of the accounts are also presented at the
last part of the report.
The SEEA CF serves as the framework for this study. The SEEA-CF is a multi-purpose
conceptual framework that describes quantitatively the interaction between the economy and
the environment, as well as the stocks and changes in stocks of environmental assets.
Through this framework, environmental and economic data are organized to produce
integrated information for policy use. Furthermore, SEEA presents a coherent structure that
enables the identification of data gaps.
This report covers the physical asset and flow accounts for water resources of the
Philippines for the year 2015. The asset accounts are compiled by integrating various data
coming from different agencies. Opening and closing stocks for surface water are estimated
using data from the National Irrigation Administration (NIA), National Power Corporation
(NPC), Laguna Lake Development Authority (LLDA), Bureau of Fisheries and Aquatic
Resources (BFAR). Additions to stocks from precipitation and reductions in stocks from
evaporation are calculated using precipitation and evaporation data from the Philippine
Atmospheric Geophysical and Astronomical Services Administration (PAGASA), while land
cover statistics are sourced from the National Mapping and Resource Information Authority
(NAMRIA). Reduction in stocks from abstraction by economic units is sourced from the flow
accounts.
Similarly, flow accounts are estimated using data and parameters from various sources. The
Maynilad Water Services Inc. (MWSI), Manila Water Company Inc. (MWCI), Local Water
Utilities Authority (LWUA) provide data on water production, distribution and losses.
Industrial use of water is estimated using the water expenses from the Annual Survey of
Philippine Business and Industry (ASPBI) 2015 of the PSA. Supplementary information on
the agricultural use of water are computed using parameters from the Philippine Council for
Agriculture, Aquatic, and Natural Resources Research and Development (PCAARRD),
livestock and poultry inventory from CountrySTAT of the PSA, while the amount of water
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supplied to irrigation come from the NIA. Estimates on domestic water supply are generated
using household population counts by main source of water supply from the 2015 Census of
Population (PopCen), and the parameter on per capita water consumption came from a
study entitled “Determination of Basic Household Water Requirements” conducted by the
Philippine Institute for Development Studies (PIDS) in 1999. Abstraction of sea water for salt
production is estimated using salt production data from the Mines and Geosciences Bureau
(MGB).
Based on these inputs, the following results were drawn: Stocks of water in the country
decreased by 20.4 percent within the 2015 reference period, with 94.62 billion cubic meters
(BCM) at the beginning of 2015 and at 75.31 BCM at the end of the same year. The largest
reduction in stock is attributed to abstraction of water used as input to economic activities,
amounting to a total of 46.28 BCM. Abstracted water is either distributed or used by the
same abstracting economic unit. Of the 46.28 BCM of abstracted water, 94 percent is used
or consumed by the economic unit that abstracted it. The remaining 6 percent is intended to
be distributed to other industries and households. Four percent reaches the users for final
consumption while 2 percent is lost during the distribution process. The largest user of
distributed water is the households sector, consuming 59.5 percent of the total distributed
water while the biggest portion of water abstracted for own use is consumed by the
agriculture sector, using up more than 98 percent.
Although preliminary results can be drawn from currently available data and estimation
methodologies, the compilation of physical asset and flow accounts for water resources
following the SEEA Central Framework is still at its exploratory stage and will continually be
improved as data become available and methodologies are enhanced. Once the physical
asset flow accounts are finalized, water emissions accounts will be developed to
quantitatively describe not only the volume, but also the quality of water that the economy
returns to the environment. Indicators collectively derived from the water accounts will
provide valuable insights in monitoring the Sustainable Development Goals (SDGs)
concerning water stress and water pollution as well as other areas of water policy in the
country.
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I.

INTRODUCTION

A. Background
In recent years, natural resource accounting has been mainstreamed in different countries
as an important tool in environmental management. These accounts provide information on
how much stocks of resources are present at a particular period, what economic activities
they are being used for, and at what rate they are being extracted. These insights are
essential in assessing whether a country is using its natural resources sustainably as it
gears towards economic growth. In the Philippines, one sector that could greatly benefit from
natural resource accounting is the water sector. In this report, the progress on the
development of the water resources accounts of the Philippines is discussed.
Water is one of the most essential needs of human beings and is necessary in almost all
economic activities such as growing food, manufacturing all kinds of products and
generating renewable energy, among others (SEEA Technical Notes: Water Accounting).
The Philippines, abundantly endowed with water resources, obtains its water supply from
rivers, lakes, dams, and groundwater reservoirs. The country has 18 major river basins, 421
principal rivers, 79 lakes and a network of groundwater reservoirs with a total area of about
50,000 square kilometers (Green Peace, 2007).
Although there are large water sources in the country, one of the key risks in water
sufficiency is the increasing and competing demand for water supply. Since 2010, the
country’s population has increased, on the average, by 1.72% annually, and reached a total
population of 100.98 million in 2015 from 92.34 million in 2010 (PopCen 2015). Also, the
Philippines is one of the emerging economies in Asia based on its gross domestic product.
Economic growth drives the increase in water demand for industrial and agricultural use. The
continuous abstraction of large volumes of water has resulted to the depletion and
degradation of these resources (SEPO, 2011).
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To help address this issue, the Philippine Economic-Environmental and Natural Resources
Accounting (PEENRA) Project, spearheaded by the Philippine Statistics Authority (PSA), is
currently developing the physical asset and flow accounts for the water resources of the
Philippines. The asset accounts present information on the stock of freshwater at the
beginning and end of an accounting period. The flow accounts, on the other hand, describe
flows of water to and from the environment and the economy, focusing on the sectors that
supply and use the abstracted water. The accounts will aid various areas of water policy
such as improving water supply and sanitation services, managing water supply and
demand, and improving the state of the environment and water resources.
B. Objectives of the Study
The main objective of this study is to develop preliminary physical asset and flow accounts
for the water resources of the Philippines. Specifically, it aims to assess current data
availability and estimation methodologies to support the development of the accounts. In line
with this purpose, this compilation initially intends to come up with the baseline information
for the year 2015. Once the data support and estimation methodologies have been
established, this will be extended to generate a time series of the accounts.
This compilation will eventually pave the way towards institutionalizing environmentaleconomic accounting in the country, following the guidelines of the United Nations System of
Environmental-Economic Accounting Central Framework (SEEA-CF) 2012. Furthermore, the
compilation of the two accounts will measure Sustainable Development Goal Indicator 6.4.2:
Level of water stress, which is defined as freshwater withdrawal as a proportion of available
freshwater resources. The accounts will also contribute to the development of the country's
National Climate Risk Management Framework by providing information on water sufficiency
(Climate Change Commission, 2018).
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II.

REVIEW OF COUNTRY EXPERIENCES

A. Local
Environmental accounting in the Philippines started in 1991 through the Philippine
Environmental and Natural Resources Accounting Project (ENRAP). The project adopted the
Peskin model which “explicitly accounts for the economically valuable services of natural
resources and the environment as a medium for the disposal of wastes, a supplier of
recreational services, aesthetics, and the life support of species”. The ENRAP had four
phases until 2000 and produced accounts for forest, fisheries, minerals and soil resources
as well as for air and water pollution.
While the ENRAP was being conducted in 1995, another project was implemented in the
country‒ the ENRA Subprogramme of the Integrated Environment Management and
Sustainable Development (IEMSD) Programme. This three-year project established and
operationalized the Philippine System of Integrated Economic and Environmental
Accounting (PSEEA). Asset accounts for fishery, forest, mineral, land/soil and water,
adopting the PSEEA framework, were compiled.
The water accounts compiled under this project covered both physical quantitative and
qualitative aspects of fresh water for the years 1988 to 1994 for groundwater and 1988 to
1993 for surface water. The accounts included opening and closing stocks, changes in
quantity and other accumulation, and changes in quality.
Opening stock in 1988 for groundwater in Metro Manila was estimated using the Guadalupe
Formation, which includes the storativity coefficient, transmissivity, area and depth of the
aquifer. For other regions, such data were not available so the estimated storage capacity
reported in the First National Assessment (FNA) was recorded as the opening stock instead.
Changes in quantity and other accumulation in groundwater include recharge and
withdrawals. Recharge value for groundwater in 1988 was 206 million cubic meters (mcm),
which was the annual average amount of water replenishing the existing stock from 1981-
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1990. Recharge for the following years were estimated as 5.8 percent (based on the IDRCUP-NHRC 1993 study) of the amount of rainfall (data provided by PAGASA). For other
regions, the recharge was estimated based on the assumption that 10 percent of rainfall
recharged the aquifers. Withdrawal or abstraction from groundwater was estimated by
computing the water demand requirements of the different sectors, except for agriculture as
no data was available. The closing stock was computed as the opening stock less the
changes in quantity plus other accumulation. The value computed was recorded as the
opening stock of the following year. This calculation is the same for surface water. Change in
quality was included in the account to measure salt water intrusion as a result of over
extraction. Based on a NEDA Handbook, 50 percent of the rainfall recharged to aquifers is
mixed with salt water.
On the other hand, asset account for surface water only included rivers, specifically one
principal river from each river basin. Also, they excluded Metro Manila in the account
because the surface water bodies in this area are polluted. The initial opening stock was
estimated using the runoff data from the FNA. Basin recharge was estimated using data on
rainfall and streamflow. Withdrawals from surface water were estimated using the same
methodology for ground water but with the agricultural sector included. Estimation of the
change in quality for surface water was not done due to lack of monitoring activities or to
insufficient database on the quality of rivers in the regions.
With the success of the implementation of the ENRA Subprogramme of the IEMSD, the
ENRA II Project was launched in 1998 to institutionalize the Philippine EconomicEnvironmental and Natural Resource Accounting (PEENRA) system. The generation and
utilization of this system was intended to contribute in mainstreaming environmental
concerns in policy formulation, planning and decision making of the country. As part of this
project, the asset accounts for water resources were updated for the years 1994 to 1998.
After these projects, no new undertakings on environmental accounting were done in the
Philippines until the formation of the Philippine Economic-Environmental and Natural
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Resource Accounting (PEENRA) Project in 2014. This project aims to update and develop
environmental accounts which follow the revised international framework, the System of
Environmental-Economic Accounting System (SEEA) 2012 – Central Framework. Currently,
asset accounts on energy, land, and water resources are compiled.
B. International
B.1. Australia
The Australian Bureau of Statistics (ABS) regularly compiles environmental-economic
accounts, one of which is the Water Account, Australia (WAA). WAA consists of supply and
use tables (collectively referred to as flow tables) for both physical and monetary volumes
and is compiled, as far as possible, in accordance with the System of SEEA.
The latest, eleventh edition of WAA covers the physical and monetary supply and use of
inland water in the Australian economy for financial year 2015-16. The physical flow tables
include the following: individuals and companies directly extracting water from surface water
and groundwater sources for their own use (e.g. domestic, industrial, agricultural or other
uses); households, governments and companies using water supplied by water suppliers for
domestic, industrial, agricultural or other uses; water providers extracting water from surface
water, groundwater and sea water for desalination and supplying it to customers for use and
those providing customers with reused water; other large organizations treating water and
making it available for reuse and those directly discharging water into the environment (e.g.
power plants, mines); and major in-stream users of water (e.g. aquaculture and hydroelectricity) where this information is available. On the other hand, the following items are not
covered: the volume of rainwater used directly by rainfed agricultural crops/pastures;
environmental discharges resulting from irrigation water runoff; the reuse/recycling of water
on-farm or on-site (i.e. in homes or businesses); non-point/diffuse discharges; and the
effects of the infiltration of storm water into the sewerage reticulation system.
The data sources for this release are a range of ABS surveys, State and Territory
government agencies and major businesses (including major state/territory water
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corporations), as well as surveys conducted by other government agencies, industry
associations, and annual reports of water providers.
Where no information is available, the ABS estimates the supply and use of water for
different sectors. For supply and use of water in households, though water providers
provided information on distributed water supply, there are some areas with no available
information. Thus, distributed water supplied to households was estimated using
neighbouring or matched Local Government Area (LGA) coefficients based on average
megalitre use per connection. Self-extracted water use by households not connected to main
water was also estimated by applying the average state ‘volume (kL) per connection’
coefficients to the households not served by the water providers. The number of households
not served by water providers are also estimated by subtracting the households served by
water providers, from the total number of households in each State and Territory. They noted
that the self-extracted water use estimates for households exclude rainwater tank usage for
households connected to water supply.
For the agriculture sector, self-extracted water, which includes all groundwater extracted by
agricultural businesses, was assumed to be the difference of the total water subtracted with
the amount of distributed and reuse water consumed. The study mentioned that the flow
tables present an industry view of this sector, but it only includes agricultural activity in
businesses where the primary income producing activity is agricultural production.
Water use and consumption in the Mining and Manufacturing sector was also estimated for
those with no available information. The estimates were modelled based on information from
various ABS surveys.
Water used by the Electricity and Gas Supply sector was also estimated by modelling
administrative data from reports, websites and the National Greenhouse and Energy
Reporting Scheme (NGERS) of the ABS. Similarly, with previous sectors, water use of Other
Industries without available data were also modelled using industry specific coefficients.
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Another element of the account that was estimated is the soil water abstraction. This was
calculated by dividing the yield by water use coefficient, usually measured in kg (mm x ha)
for crops and in mm/year for other plants, then calculating total water abstracted from the
area planted for agricultural commodities. It was noted though, that these estimates were still
considered experimental. Additionally, soil water use estimates were also derived from
information from publications of the ABS and Australian Bureau of Agricultural and Resource
Economics and Sciences and using land use management data from the Department of
Agriculture and Water Resources.
B.2. Fiji
With immediate policy concerns on access and availability of metered water for all, the Fiji
Bureau of Statistics (FBoS) published Fiji’s Experimental Water Account, which covers
metered water data for the years 2013 to 2016. This experimental account was compiled in
cooperation with national stakeholders and international partners using the System of
Environmental-Economic Accounting (SEEA) Central Framework.
Based on available information from the Fiji Water Authority, this account includes surface
water extracted, losses during purification and distribution, water available for distribution,
billed water by sector (household, government, and commercial), non-billed water
distribution, and returns to the environment. It should be noted that total water extracted is
equal to the returns to the environment in their accounts.
As this account is just their first attempt in accounting water availability, supply and use in
Fiji, the FBoS aims to disaggregate the commercial sector into key-water related industries,
break down sources of water inputs to metered water production, and expand the scope of
the account to cover information on abstraction and use of water, wastewater and reused
water by industry in the next compilations.
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B.3. Samoa
The Samoa Bureau of Statistics (SBS) has published the second version of the Water
Accounts of Samoa. The account presents the physical supply and use of water in Samoa
for financial year 2014-15 following the SEEA Framework. This latest version is compiled
using similar methodologies with the first version but with some improvements such as the
estimate of water use in agriculture. The previous estimates only included water used by
livestock, but the latest estimate includes the amount of water used by some agricultural
livestock farming and some crop nursery sites that are supplied by the Samoa Water
Authority (SWA). However, water used by small scale semi-commercial and commercial
vegetable farming is not included in the account due to lack of information. It was mentioned
that this was probably included in the estimated household water use. Water use in livestock
production was estimated using livestock inventory from Agricultural Censuses and Survey,
while water requirement per animal came from the Food and Agriculture Organization (FAO).
For Electricity and Generation sector, data on water used for generation of hydropower and
cooling of diesel powered generations were available from the Electric Power Corporation
(EPC). The amount of water used for hydropower generation is also the amount of water
returned to the environment. Water loss through evaporation was also estimated by EPC but
only for water used for cooling diesel generators.
Another update in this version was for the Manufacturing Industry. With the data on
abstraction licenses from the Ministry of Natural Resources and Environment (MNRE), this
industry was disaggregated into Food and Beverages and Other Manufacturing. Using these
data, water abstraction of manufacturing and other industries was estimated, with the
assumption that the licenses were fully exploited. Additionally, data on commercial billing
was also used to determine the amount of water supplied by SWA to industries, which is
classified based on the International Standard Industrial Classification (ISIC). The amount of
water supplied to industry by the IWS was calculated using the information on water supplied
to households and on water supplied to industry from the SWA.
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For Households, estimates of the amount of water abstracted from the environment,
supplied to households and returned back to the environment were calculated using data
available from SWA and Independent Water Schemes (IWS). The SWA provided data on
water supplied to metered households as well as information on unaccounted water, which
includes water supplied to unmetered households. The amount of unmetered water supply
was estimated using the number of unmetered households supplied by SWA and the
average amount of water use by households supplied and metered by SWA. This estimated
amount was then subtracted from the unaccounted water and the difference was added to
the total water supplied by SWA. On the other hand, it was estimated that the IWS supply
water to 17 percent of the population of Samoa. However, little primary data were available,
and water use of this population was said to be, based on expert opinion about patterns of
water use, double the average water use of SWA metered households. Total abstracted
water by IWS was computed as the sum of the amount supplied to households and industry
and the amount of losses. Amount of water losses for IWS was assumed to be the same
percentage with the SWA. On the other hand, households that were not covered by SWA
and IWS, or those that abstract their own water from the environment, were estimated by
multiplying the number of households not covered by the average of the water use SWA
metered customers. The amount of water abstracted by these households is assumed to be
sourced from a combination of surface water, ground water and rainwater harvesting. The
amount of water collected from rainwater tanks was estimated using data on number of
tanks and on their capacity obtained from reports of the Samoa Red Cross Society.
Lastly, wastewater supplied by industries and collected by the sewerage system was not
available, as well as data on household wastewater. The volume of wastewater arriving at
the sewerage treatment plant was estimated from the data on average daily wastewater
inflow provided by the SWA. Expert from the SWA estimated that 10 percent of wastewater
inflows return to the environment through evaporation while 90 percent enters the sewage
sludge which is then treated and transported to a landfill.
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III.

CONCEPTUAL FRAMEWORK

A. Scope and Coverage
This compilation of the physical asset and flow accounts for the water resources of the
Philippines is based on the United Nations Framework, System of Environmental-Economic
Accounting 2012 Central Framework (SEEA-CF). The SEEA-CF is a multi-purpose
conceptual framework that describes quantitatively the interaction between the economy and
the environment, as well as the stocks and changes in stocks of environmental assets. It
enables the integration of economic and environmental information which will allow us to see
the links and relationships between environmental quality and economic well-being –
insights that might be ‘invisible’ if we look at economic and environmental data separately.
Adopted as an international statistical standard by the United Nations Statistical
Commission, the SEEA-CF also uses an agreed set of standard concepts, classifications,
definitions, accounting principles and tables which allows for comparison of the accounts
and indicators between countries.
Three main accounts are discussed in the SEEA-CF, namely: (1) the asset accounts, also
known as stock accounts, which records the stocks and changes in stocks of environmental
assets, such as water resources, (2) the flow accounts, which measures the flows of water,
energy and material from the environment to the economy and vice versa, in both physical
and monetary flows; and, (3) the environmental activity accounts which focuses on
environmental goods and services, as well as expenditures on environmental protection and
resource management. The first two types of accounts, specifically for water resources, are
the focus of this study.
B. Framework for the Physical Asset Accounts for Water Resources
According to the SEEA-CF, water resources consist of fresh and brackish water in the inland
water system and is comprised of surface water, ground water and soil water. Surface water
covers all water that flows over or is stored on the ground surface. This includes water in
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artificial reservoirs, lakes, rivers and streams, and glaciers, snow and ice. Groundwater, on
the contrary, refers to water that collects in porous layers of underground formations known
as aquifers and yield significant quantities of water to wells and springs. Lastly, soil water
consists of water suspended in the uppermost belt of soil or in the zone of aeration near the
ground surface.
The physical asset accounts for water resources present information on the amount of water
available at the beginning and end of an accounting period, referred to as opening and
closing stocks. The accounts then record additions to stock (returns, precipitation, inflows
from other territories, inflows from other inland water resources, discoveries of water in
aquifers) and reductions in stock (abstraction, evaporation and actual evapotranspiration,
outflows to other territories, outflows to the sea, outflows to other inland water resources)
within the accounting period. The entries are defined as follows:
1) Returns – the total volume of water that is returned to the environment by economic
units
2) Precipitation – the volume of atmospheric precipitation (rain, snow, hail, etc.) on the
territory of reference during the accounting period. Amount of precipitation retained in
the soil are to be recorded as additions to soil water while precipitation falling directly
to surface water are to be recorded as additions to surface water.
3) Inflows – the amount of water that flows into water resources during the accounting
period. These are disaggregated according to the origin of the water flow (inflows
from other territories/country and inflows from other water resources within the
territory).
4) Discoveries of water in new aquifers – the quantity of water in the newly discovered
aquifer distinct from the over-all capacity of the aquifer as initially assessed.
5) Abstraction – the amount of water removed from any source, either permanently or
temporarily, during the accounting period.
6) Evaporation and actual evapotranspiration – evaporation refers to the amount of
water evaporation from water bodies while actual evapotranspiration refers to the
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amount of water that evaporates from the land surface and is transpired by the
existing vegetation.
7) Outflows – the amount of water that flows out of water resources during the
accounting period. These are disaggregated according to the destination of the water
flow (other water resources within the territory, other territories/countries, the
sea/ocean).
Table 1 shows the structure of the physical asset accounts for water resources. The columns
present the different types of water resources while the rows enumerate the stocks and the
changes in stocks over the accounting period. The values recorded in the physical asset
accounts are expressed in terms of volume (million cubic meters or mcm).
Table 1: Physical Asset Accounts for Water Resources
Type of water resource
Surface water
Artificial
reservoirs

Lakes

Rivers and
streams

Total
Glaciers,
Snow and
Ice

Groundwater

Soil water

Opening stock of water
resources
Additions to stock
Returns (from Economy)
Precipitation
Inflows from other inland water
resources
Discoveries of water in aquifers
Total additions to stock
Reductions in stock
Abstraction (to Economy)
for hydropower generation
for cooling water
Evaporation and actual
evapotranspiration
Outflows to the sea
Outflows to other inland water
resources
Total reductions in stock
Closing stock of water resources

Source: UN System of Environmental-Economic Accounting 2012 Central Framework. Table 5.25. p. 214.
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C. Framework for the Physical Flow Accounts for Water Resources
The physical flow accounts for water resources describe the flows of water to and from the
environment and the economy. The accounts cover the entire process of water supply and
use – from the initial abstraction of water from the environment into the economy, to the
flows within the economy done by the different industries and households, and finally, return
flows from the economy back to the environment. The flow accounts table is divided into
sections that further elaborate the flows of water between the environment and the economy.
The five sections are defined as follows:
1) Abstraction of water from the environment - This is defined similarly to the abstraction
as reductions to stock in the asset accounts and is disaggregated by source and by
industry.
2) Distribution and use of abstracted water – Abstracted water will either be used by the
same economic unit that abstracts or distribute to other economic units.
3) Flows of wastewater and reused water – Wastewater (discarded and no longer
required by the owner or user) can be discharged directly to the environment (or
return flow), supplied to a sewerage facility or supplied to another economic unit for
further use (reused water).
4) Return flows of wastewater to the environment – This refers to all water that is
returned to the environment and is recorded as being supplied to the environment.
5) Evaporation, transpiration and water incorporated into products – Flows of
evaporation are recorded when water is distributed between economic units after
abstraction. Transpiration of water occurs when soil water is absorbed by cultivated
plants as they grow and is subsequently released to the atmosphere. Amount of
water incorporated into products are shown as supplied by the relevant industry e.g.
water is used in the manufacture of beverages.
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In addition, the flow accounts are also divided into two parts: the supply table and the use
table. The supply table, as its name implies, focuses on where the water comes from. The
environment provides all abstracted water to be supplied to the different sectors of the
economy, either to be distributed or for own use. Once water is no longer needed for any
economic activity, it is considered supplied back to the environment by the different sectors
and households. On the other hand, the use table focuses on who uses or receives the
water. The economic unit that performed the water withdrawal from the environment is the
user and the abstracted water is either consumed by the same unit or is distributed to be
used by other sectors. Once water is no longer needed by the user, it is released back and
recorded as used by the environment. The two tables must satisfy the supply and use
identity – the total supply must be equal to the total use.
The supply table and the use table have virtually the same structure, containing the
aforementioned five sections in the rows and the different economic units in the columns.
Similar to the physical asset accounts, the physical flow accounts are measured in terms of
volume (million cubic meter or mcm). Table 2 shows the structure of the supply table of the
flow accounts while Table 3 presents the use table. Gray cells are null by definition.
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Table 2: Supply Table, Physical Flow Accounts for Water Resources
Agriculture,
Forestry and
Fishing
(I) Sources of Abstracted Water
Inland water resources
Surface water
Ground water
Soil water
Other water resources
Precipitation
Sea water
Total supply abstracted water
(II) Abstracted water
For distribution
For own-use
(III) Wastewater and reused water
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Wastewater
Wastewater to treatment
Own treatment
Reused water produced
For distribution
For own use
Total supply wastewater and reused water
(IV) Return flows of water
To inland water resources
Surface water
Ground water
Soil water
Total
To other sources
Total return flows
of which: Losses in distribution
(V) Evaporation of abstracted water, transpiration and
water incorporated into products
Evaporation of abstracted water
Transpiration
Water incorporated into products
TOTAL SUPPLY

Mining and
quarrying,
Manufacturing,
Construction

Electricity, gas,
steam and airconditioning
supply

Water
collection,
treatment and
supply

Sewerage

Other
Industries

Households

Flows from the
environment

Total Supply

Table 3: Use Table, Physical Flow Accounts for Water Resources
Agriculture,
Forestry and
Fishing

Mining and
quarrying,
Manufacturing,
Construction

Electricity,
gas, steam
and airconditioning
supply

Water
collection,
treatment and
supply

Sewerage

Other
Industries

Households

Accumulation

Flows to the
environment

Total Use

(I) Sources of Abstracted Water
Inland water resources
Surface water
Ground water
Soil water
Total
Other water resources
Precipitation
Sea water
Total
Total use abstracted water
Distributed water
Own-use
(III) Wastewater and reused water
Wastewater
Wastewater received from other units
Own treatment
Reused water produced
Distributed reuse
Own-use
Total supply wastewater and reused
water
(IV) Return flows of water
To inland water resources
To other sources
Total return flows
(V) Evaporation of abstracted water,
transpiration and water incorporated into
products
Evaporation of abstracted water
Transpiration
Water incorporated into products
TOTAL USE

Source: UN System of Environmental-Economic Accounting 2012 Central Framework. Table 3.6. pp. 72-75.
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IV.

OPERATIONALIZING THE FRAMEWORK

A. Scope and Coverage
The accounts compiled in this report are the physical asset and flow accounts for water
resources of the Philippines for the baseline period, 2015. Ideally, the accounts should cover
all water resources in the country. However, as stated earlier in this report, this study aims to
initiate the development of the accounts through assessing current data availability and
estimation methodologies.
Unlike other environmental assets, such as land or timber resources that are subject to slow
natural changes, water is continually flowing through the processes in the hydrological cycle
such as precipitation, evaporation, infiltration and run-offs. Furthermore, unlike mineral or
energy resources that are highly regulated, water is easily accessed, abstracted and
returned to the environment by different economic units – some of which might be
unaccounted for. Hence, the data used for this study are those readily obtained within the
statistical system and will continually be updated as data become available.
B. Sources of Data
There are several data sources for the different elements of the physical asset and flow
accounts for water resources. This section enumerates the different components of the
accounts, the data source agencies, as well as descriptions on the basic data provided.
Conversion and estimation procedures are covered in the next section.
B.1. Physical Asset Accounts
B.1.1. Opening and Closing Stocks
The stock of water in Ambuklao, Angat, Binga and San Roque Dams were provided by the
National Power Corporation (NPC) while storage capacities of all dams in the country were
sourced from the National Irrigation Administration.
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Data on the volume of water in Laguna de Bay was sourced from the Laguna Lake
Development Authority (LLDA). Surface area and average depth of the other nine major
lakes, namely, Lanao, Taal, Mainit, Naujan, Buluan, Bato, Buhi, Dapao and Sebu, were
available from various online sources. These were used to estimate the volume of water in
lakes. The ten major lakes comprise about 93.5% of the total area of lakes in the country.
During a training and data assessment workshop with experts from the United Nations
Economic and Social Commission for Asia and the Pacific (UNESCAP), it was established
that fishponds also occupy a significant portion of the country’s land cover and hence,
considered also as a water resource. The data on the volume of water in fishponds was
provided by the Bureau of Fisheries and Aquatic Resources (BFAR).
B.1.2. Precipitation and evaporation
Data on the annual amount of precipitation were provided by the Philippine Atmospheric
Geophysical and Astronomical Services Administration (PAGASA). The data are
disaggregated by monitoring stations all over the country and are expressed in terms of
height (millimeters). Similarly, evaporation data were also sourced from PAGASA and also
reported by monitoring stations. Evaporation is measured in volume (cubic meters). Data on
land cover which is released every five years were provided by the National Mapping and
Resource Information Authority (NAMRIA). Land cover categories include open, closed and
mangrove forests, inland water, built-up areas, cultivated areas planted with annual and
perennial crops, fishponds, barren land, shrubland, grassland and marshlands. Land cover
data are expressed in areas (hectares).
B.1.3. Abstraction and Returns
Both the amounts of reduction in stock due to abstraction of water as input to the economy
and additions to stock from return flows of water from the economy are based on the
estimates from the physical flow accounts for water resources. The sources of basic data are
discussed in the flow accounts.
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B.2. Physical Flow Accounts
B.2.1. Water used by Industries
Water expenses of the different industries were gathered from the Annual Survey of
Philippine Business and Industry (ASPBI) 2015. Water expenses are expressed in thousand
pesos. Water prices, expressed in pesos per cubic meter, for all administrative regions in the
country were collected from the Local Water Utilities Administration (LWUA), Maynilad Water
Services Inc. (MWSI) and Manila Water Company Inc. (MWCI).
For the agriculture sector, the amount of water used for crop production, covering both
national and community irrigation systems, was provided by the NIA. Also, parameters for
the per capita daily water requirements of major livestock species such as cattle, hog, goat,
chicken and duck were provided by the Philippine Council for Agriculture, Aquatic, and
Natural Resources Research and Development (PCAARRD). These parameters, together
with the livestock and poultry inventory from the CountrySTAT of PSA, provide
supplementary data on water supplied to the livestock and poultry sub-sector.
B.2.2. Water used by Households
Data on the abstraction and distribution of water on the east and west zones of Manila and
nearby provinces of Rizal and Cavite were sourced from the Metropolitan Waterworks and
Sewerage System (MWSS). Provided information included the amount of water production,
distribution and losses, and were also disaggregated by type of use such as: residential;
semi-business; commercial; industrial; and others. Similarly, LWUA provided data on water
production, distribution and losses reported by 522 water districts all over the country.
Although there was no disaggregation by type of use, it was clarified by LWUA that water
districts mostly provide water to communities (households) and industrial use is only
minimal.
Additionally, parameters for household and per capita water requirements were obtained
from a study of the Philippine Institute for Development Studies in 1999 entitled
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“Determination of Basic Household Water Requirements”. Considering that not all
households are connected to community water systems, these parameters were applied to
household counts based on the 2015 Census of Population (PopCen 2015) to address the
under coverage of using only the MWSS and LWUA data.
B.2.3. Abstraction from the Sea
The volume of sea water abstracted for salt production was estimated using the data on salt
production, in metric tons, sourced from the Mines and Geosciences Bureau (MGB).

B.2.4. Wastewater
Data on the amount of wastewater produced in economic zones throughout the country were
gathered from the Philippine Economic Zone Authority (PEZA). However, out of 379
economic zones, only 21 economic zones managed by PEZA provided inputs since this
information is not regularly collected.
C. Estimation Methodology
C.1. Physical Asset Accounts
C.1.1. Precipitation to Surface Water
The amount of precipitation as addition to stock of surface water is estimated using the 2015
Land Cover Statistics, disaggregated by region and by land cover type, and the annual
amount of precipitation by monitoring stations all over the country.
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = ∑

(Equation 1)

where: APi is the annual precipitation observed by the ith monitoring station in the rth region
n is the total number of monitoring stations in the rth region

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑊𝑎𝑡𝑒𝑟 = 𝐴𝑣𝑒. 𝐴𝑃 × 𝐼𝑊𝐴𝑟𝑒𝑎

(Equation 2)

where: Ave.APr is the average annual precipitation in the rth region (Equation 1)
IWArear is the area of inland water in the rth region (2015 Land Cover Statistics)
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The total precipitation to inland water is the sum of the amounts of precipitation to surface
water for all the administrative regions. Inland water is comprised of lakes, rivers and
streams and artificial reservoirs. Lakes comprise 80 percent of the total area of inland water
while rivers and streams comprise 12.4 percent, and the remaining 7.6 percent for artificial
reservoirs (Philippine Fisheries Profile 2015, BFAR).
The same procedure is applied to fishponds, which has a separate category under the 2015
Land Cover Statistics.
C.1.2. Evaporation
The annual amount of evaporation is reported by selected monitoring stations throughout the
country. The monitoring stations reporting evaporation are matched with monitoring stations
reporting precipitation to come up with a national average evaporation rate. Some monitoring
stations with no exact match are paired with one that is geographically the nearest.
∑
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =

𝑉𝐸
𝑉𝑃
𝑛

(Equation 3)

where: VEi is the volume of evaporation observed by the ith monitoring station
VPi is the volume of precipitation observed by the ith monitoring station
n is the number of monitoring stations reporting evaporation
The evaporation rate in Equation 3 is applied to the total precipitation to estimate the amount
of evaporation as reduction to stock.
C.1.3. Opening Stocks and Closing Stocks
C.1.3.1. Artificial Reservoirs
The end of the month elevations for December 2014 and 2015 and the corresponding
volumes based on the elevation rule curves for Ambuklao, Angat, Binga and San Roque
Dams were used to determine the opening and closing stocks for the four dams. The volume
of the four dams and the storage capacities of all dams were used to estimate the stocks for
other dams.
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 % 𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑜 𝐺𝑟𝑜𝑠𝑠 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =

𝐴𝑉
× 100%
𝐺𝐶

(Equation 4)

where: AVi is the actual volume of the ith dam
GCi is the gross capacity of the ith dam

The average actual volume to gross capacity ratio from Equation 4 is applied to the storage
capacity of other dams to estimate the stock of water in other dams.

𝑆𝑡𝑜𝑐𝑘𝑠 𝑖𝑛 𝑜𝑡ℎ𝑒𝑟 𝑑𝑎𝑚𝑠 =

𝐺𝐶 × (𝐴𝑣𝑒.

𝐴𝑉
)
𝐺𝐶

(Equation 5)

where: GCj is the gross capacity of the jth dam
Ave. AV/GC is from Equation 4
C.1.2.3. Lakes
The ten major lakes were considered in estimating the total volume of water in lakes in the
country. The actual volume of Laguna Lake was provided by LLDA while volumes of the
other nine lakes were computed using information on surface areas and average depth.

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐿𝑎𝑘𝑒𝑠 =

𝑆𝐴 × 𝐷𝑒𝑝𝑡ℎ

+ 𝑉𝑜𝑙. 𝑜𝑓 𝐿𝑎𝑔𝑢𝑛𝑎 𝑑𝑒 𝐵𝑎𝑦

(Equation 6)

where: SAi is the surface area of the ith major lake
Depthi is the average depth of the ith major lake

C.1.3.3. Soil Water
The basic data used to estimate the opening stock of soil water were the amount of
precipitation and evaporation for soil-covered areas. These include land cover categories of
forest, other wooded land, agricultural and other natural land.
𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑆𝑜𝑖𝑙 − 𝐶𝑜𝑣𝑒𝑟𝑒𝑑 𝐴𝑟𝑒𝑎𝑠 = 𝐴𝑣𝑒. 𝐴𝑃 × 𝑆𝐶𝐴𝑟𝑒𝑎
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where: Ave.APr is the average annual precipitation in the rth region (Equation 1)
SCArear is the total soil-covered area in the rth region (2015 Land Cover Statistics)
The total precipitation in soil-covered areas is the sum of the amounts of precipitation to soilcovered areas for all the administrative regions. From this amount, the evaporation rate from
Equation 3 is applied to determine the amount of rainfall that evaporates and the amount
that is retained in the soil surface, with the latter as the estimated opening stock of soil
water.
Based on expert opinion during the training and data assessment workshop with the
UNESCAP, 70 percent of the volume of water retained on the soil seeps through the
surface, and recharges groundwater resources. Also, 20 percent of soil water is used as
input to the economy by the agriculture sector, particularly, rainfed crops.
C.2. Physical Flow Accounts
C.2.1. Use of Abstracted Water
C.2.1.1. Households
For households connected to community water systems, actual data on the abstraction and
distribution of water were provided by Maynilad, Manila Water and LWUA. For households
whose main source of water supply is either deep well, rivers and streams, bulk water, and
others, the amount of water for domestic supply is estimated using the household counts
from the 2015 FIES and parameters on household water requirements from a study of PIDS
in 1999.
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑓𝑜𝑟 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑈𝑠𝑒 = 𝐻𝐻𝑈𝑠𝑒 + 𝐻𝐻𝑈𝑠𝑒

(Equation 7)

where: HHUse1 is the volume of water used by households connected to community water
systems
HHUse2 is the volume of water used by households not connected to community
water systems

𝐻𝐻𝑈𝑠𝑒 = 𝑁𝑜. 𝐻𝐻 × 4.4 × 54 × 365
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where: No. HH is the number of households not connected to community water systems
1.4 is the average household size
54 liters/day is the estimated per capita water requirement
365 is the number of days in one year
C.2.1.2. Industries
Water expenses of the different industries were gathered from the ASPBI 2015. These
expenses are converted into volume using a national average water price calculated using
regional water prices from LWUA and rates from Maynilad and Manila Water for the NCR.
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑎𝑡𝑒𝑟 𝑃𝑟𝑖𝑐𝑒 =

𝑃𝑟𝑖𝑐𝑒 × 𝑤

(Equation 9)

where: Pricei is the water rate for the ith region
wi is the corresponding weight of water price for the ith region, which is calculated as
follows:
𝑤 =

𝑉𝑃
𝑇𝑃

(Equation 10)

where: VPi is the volume of water production for the ith region
TP is the total water production
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑢𝑠𝑒𝑑 𝑏𝑦 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 =

𝑊𝑎𝑡𝑒𝑟𝐸𝑥𝑝
𝐴𝑊𝑃

(Equation 11)

where: WaterExpi is the water expense of the ith industry
AWP is the average water price (Equation 10)
C.2.1.2.a. Agriculture
In addition to the estimated water use calculated using water expenses and water prices, the
amount of water used for irrigation and livestock and poultry production is also accounted.
The actual amount of water used for irrigation was provided by the NIA. Livestock and
poultry inventory and parameters for the per capita daily water requirements of major
species were used to estimate the volume of water supplied to the livestock and poultry subsector.
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𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑢𝑠𝑒𝑑 𝑏𝑦 𝐿 & 𝑃 =

𝑁𝑜. 𝐻𝑒𝑎𝑑𝑠 × 𝑃𝐶𝐷𝑅 × 365

(Equation 12)

where: No.Headsi is the number of heads of the ith specie
PCDRi is the per capita daily requirement of the ith specie
365 is the number of days in one year
C.2.1.2.b. Mining and Quarrying, Manufacturing, and Construction
Abstraction of sea water for salt production is also accounted under the manufacturing
industry. Salt production data from MGB is the basic data used for estimating sea water
abstraction.
𝑆𝑒𝑎 𝑊𝑎𝑡𝑒𝑟 𝑓𝑜𝑟 𝑆𝑎𝑙𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝑆𝑎𝑙𝑡𝑃𝑟𝑜𝑑 × 2.17 × 0.035

(Equation 13)

where: SaltProd is the total salt production (in metric tons)
2.17 grams/cm3 is the density of salt water (to convert into volume)
0.035 is the average concentration of salt in 1 liter of sea water

D. Activities Undertaken
D.1 Training and Data Assessment Workshop on SEEA Water Accounts
To initiate the compilation of the water accounts following the SEEA-CF, a training and data
assessment workshop was conducted to familiarize the PSA and data source agencies on
environmental-economic accounting concepts, focusing on water accounts. Lectures were
delivered by water accounts experts from the United Nations Economic and Social
Commission for Asia and the Pacific (UNESCAP). Country experiences on compiling their
water accounts were also shared by representatives from Fiji, Malaysia and Samoa. The
training-workshop was attended by sector specialists from the National Water Resources
Board (NWRB), Local Water Utilities Administration (LWUA), National Power Corporation
(NPC), National Irrigation Administration (NIA), Department of Environment and Natural
Resources (DENR), Laguna Lake Development Authority (LLDA), Department of the Interior
and Local Government (DILG), Asian Partnership for the Development of Human Resources
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in Rural Areas (AsiaDHRRA) and the PSA. At the end of the workshop, the physical asset
and flow test accounts for the country’s water resources for the year 2015 were set up and
data needs were identified.

D.2 First Meeting of the Technical Working Group for Water Resources Statistics
The Technical Working Group on Water Resources Statistics (TWG-WRS) is one of the five
working groups under the Inter-agency Committee on Environment and Natural Resources
Statistics. It serves as a venue to discuss and resolve issues, review current methodologies,
and recommends policies to improve water-related statistics (IACENRS Resolution No. 05,
Series of 2015). The composition of the TWG-WRS is presented in Annex 1.
The TWG-WRS conducted its first meeting in June 2018. One of the agenda items was the
presentation of the physical asset and flow test accounts for water resources to solicit
comments and suggestions. The members suggested the agencies that could provide the
specific information for the data needs of the accounts. They also recommended steps in
addressing the data gaps and improving the test accounts. After this meeting, the PSA
technical staff compiling the accounts identified the data source agencies and requested the
required information and data sets.

D.3 Study Visit to Dams in Central Luzon
A study visit to dams was conducted in September 2018 in pursuit of capacity-building and
acquiring knowledge about the process of abstraction and distribution of water resources.
Officials and staff from PSA Central Office, Regional Statistical Services Office (RSSO) II, III
and CAR and Provincial Statistics Offices (PSO) of Bulacan and Nueva Ecija participated in
the activity. The study visit included Angat and Bustos Dams in Bulacan, Casecnan and
Pantabangan Dams in Nueva Ecija, and two offices of the National Irrigation Administration:
NIA Region III and NIA Upper Pampanga River Integrated Irrigation System. Through this
activity, the participants gained knowledge on the processes and flows of water from source
to hydropower generation facilities, as well as to irrigation and to domestic water supply.
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D.4 Second Meeting of the Technical Working Group for Water Resources Statistics
The TWG-WRS convened for another meeting in November 2018. The updated physical
asset and flow test accounts were presented to the group. There was a more detailed
discussion on particular components of the accounts such as industrial use of water,
captured rainwater and industrial wastewater generation. Although these remain as data
gaps, strategies to address them were deliberated on by the group. These include
conducting interviews or surveys from industry players to come up with parameters,
requesting additional data from data source agencies that were not tapped yet, incorporating
spatial information on the extent of water bodies, and reviewing related initiatives in water
accounting at the sub-national level for guidance and reference.

D.5 Follow-up Consultative Workshop with Expert from UNESCAP
Another consultation with water accounts expert from UNESCAP was carried out to have a
worksheet-level review of the test accounts. Each entry in the test accounts was examined
to check the data source, unit conversions and estimation methods, if applicable. Also, blank
entries were revisited to discuss possible proxy variables and alternative data sources, such
as online articles and special studies. After the workshop, the test accounts were again
updated, with further improvements underway as new information are being obtained.
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V.

RESULTS AND DISCUSSION

A. Preliminary Results
A.1. Physical Asset Accounts
Based on the SEEA Central Framework, there are three main types of water resources,
namely: surface water, groundwater and soil water. Currently, there are no available data on
the stocks of groundwater and hence, the opening and closing stocks cover only surface
water and soil water. Also, surface water resources ideally should cover artificial reservoirs,
lakes, rivers and streams, and fishpond. However, stocks of water in rivers and streams are
not yet obtained and thus, surface water in this compilation includes only artificial reservoirs,
lakes and fishponds.
As observed in Figure 1, the stock of water in the country showed a decline of about 20.4
percent for the year 2015. At the beginning of the year, the stock of water amounts to a total
of 94.62 billion cubic meters (BCM) comprised of surface water at 80.96 BCM (85.6%) and
soil water at 13.66 BCM (14.4%). At the end of 2015, the total stock of water decreased to
75.31 BCM, with 54.28 BCM (72.1%) coming from surface water and 21.03 (27.9%) from soil
water.
Figure 1: Opening and Closing Stocks of Water Resources, Year 2015
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Although the total stocks of water showed a decline, the trends for the two types of water
resources were different. While surface water stock decreased by 33 percent, from 80.96
BCM to 54.28 BCM, soil water stock increased by 54 percent, from 13.66 BCM to 21.03
BCM (Figure 2). This can be attributed to the dissimilarities in their changes in stocks.
Abstraction as input to the economy from surface water is greater than that from soil water.
Also, amount of rainfall retained after evaporation is much greater for soil water than that of
surface water.
Figure 2. Opening and Closing Stocks, by Type of Water Resource, Year 2015

Looking into further details of surface water resources, Figure 3 shows that there is not much
difference between the opening and closing stocks of lakes (from 74.99 BCM to 76.06 BCM),
artificial reservoirs (3.33 BCM to 3.49 BCM) and fishponds (2.64 BCM to 3.28 BCM). It
should be noted, however, that the largest reduction in stock – abstraction of water as input
to the economy, cannot be disaggregated further into lakes, artificial reservoirs and
fishponds using the currently available data.
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Figure 3. Opening and Closing Stocks of Surface Water, Year 2015

An extensive discussion on the abstraction of water as input to the economy is covered
under Physical Flow Accounts as these accounts identify the sectors and industries that
supply and use the abstracted water.
A.2. Physical Flow Accounts
The SEEA Central Framework outlines three types of flows, namely: from the environment to
the economy, within the economy, and from the economy to the environment. Based on the
currently available data, flows from the environment to the economy are broadly covered in
this compilation, describing the sectors and industries utilizing the abstracted water from the
environment. However, there is very limited information on the other two types of flows,
particularly on the reuse of water between industries and wastewater generation.
Figure 4 illustrates that the largest portion of abstracted water (61.9%) is sourced from
artificial reservoirs, rivers and streams, and lakes. All sectors and industries use abstracted
water from the surface, either directly or distributed to them by another industry. This is
followed by soil water with 31.9%. Groundwater and seawater comprise less than 10% of
abstracted water.
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Figure 4. Sources of Abstracted Water, Year 2015

Of the 46,279 million cubic meters (MCM) of abstracted water, 94 percent is used or
consumed by the economic unit that abstracted it. The remaining 6 percent is intended to be
distributed by concessionaires such as Maynilad, Manila Water and local water districts to
other industries and to households. Four percent reaches the users for final consumption
while 2 percent is lost during the distribution process. (Figure 5)
Figure 5. Use of Abstracted Water, Year 2015
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As shown in Figure 6, the agriculture sector is the largest user of water abstracted for own
use (98.02%). This includes surface and groundwater used for irrigation and livestock and
poultry production as well as soil water used by rainfed crops. This is followed by
households, specifically those whose main source of water supply were either dug well,
rivers, streams, lakes, harvested rainwater, or other sources, with 1.92 percent. Other
industries using water abstracted for own use are water collection, treatment and supply,
and manufacturing (salt production), with both around 0.03 percent.
Figure 6. Abstracted Water for Own Use, Year 2015

Meanwhile, as presented in Figure 7, the largest consumer of distributed water is the
household sector, utilizing 59.5 percent of the total distributed water. This is followed by the
mining and quarrying, manufacturing and construction sectors, consuming an aggregate
percentage of 23.95. Other industries use up 15.37 percent of the total distributed water.
Among the sectors under other industries, the wholesale and retail trade sector,
accommodation and food service sector, and real estate sector have the largest reported
water expenses, which translate also to water use. Agriculture, electricity, gas, steam and
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air-conditioning supply, and sewerage consumed 0.8 percent, 0.3 percent and less than 0.1
percent of the total distributed water, respectively.
Figure 7. Use of Distributed Water, Year 2015

B. Data Limitations and Measurement Issues
B.1. Physical Asset Accounts
Ideally, the physical asset accounts should cover all stocks of water resources in the country
for the baseline period of 2015. However, as information on the stocks of water resources
are usually housed in different agencies and are not regularly collected or updated, this
compilation attempted to close the gap using different estimation and imputation methods.
Stocks of water in artificial reservoirs are estimated using actual volume in four major dams
and their ratios to their corresponding storage capacities. The average ratio of actual volume
to storage capacity is then assumed to be the same for all other reservoirs. It should be
noted, however, that there are different types of artificial reservoirs based on their relative
location to a river or stream, their construction material, or their purpose, and hence, the
average ratio might not be applicable to all reservoirs. It is intended for the next compilation
to request the actual volumes of the artificial reservoirs from the dam managers such as NIA,
NPC and the relevant local government units.
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The total volume of water in lakes reported in this study covers only the ten major lakes in
the country. The surface area of each lake is multiplied to its average depth to estimate its
volume. Three out of the ten major lakes, however, do not have information on the average
depth, and thus, maximum depth is used in the computation. In addition to this, the surface
areas of the lakes are not all taken in the same reference year. Due to data unavailability,
the most recent data were used. If possible, surface areas of specific lakes will be requested
from NAMRIA, aligned with their release of the official land cover statistics, while the
average depth of lakes will be requested from the DENR.
Based on the SEEA Central Framework, evaporation and actual evapotranspiration is
recorded as reduction in stock of water resources. However, only evaporation is included in
this report since data on actual evapotranspiration is unavailable. Although potential
evapotranspiration data is available, it was not considered as it will result in overestimation.
Potential evapotranspiration is defined as the measure of the ability of the atmosphere to
remove water from the surface assuming no control on water supply while actual
evapotranspiration is the quantity of water that is actually removed from a surface.
Data gaps that still need to be addressed include stocks of water in rivers and streams as
well as in groundwater reservoirs, which will be discussed with the DENR, particularly
NAMRIA and MGB. Inflows from and outflows to other water resources are also not yet
incorporated in this report and will be studied further in coordination with DENR and NIA.
Abstraction and returns, which are lifted from the physical flow accounts, also do not have
the same disaggregation required in the physical asset accounts. Specifically, physical flow
accounts report the aggregate abstraction from and returns to surface water while physical
asset accounts report abstraction from and returns to artificial reservoirs, lakes, rivers and
streams, and fishponds, separately.
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B.2. Physical Flow Accounts
Physical flow accounting focuses on the amount of water abstracted from the environment
as input to the economy and the amount of water returned from the economy to the
environment. As water is not a highly regulated resource yet, data on abstraction and returns
are currently not exhaustive and not yet organized into a structured database.
The amounts of water used by the different industries were estimated using their water
expenses as reported in the ASPBI 2015. It must be noted that the ASPBI is an
establishment-based survey and therefore, the water expenses reported might cover only
distributed water and not water abstracted for own use (e.g. amount of water used in mine
sites or in hydroelectric power plants). Information on the industrial use of water, especially
to water-intensive industries like mining and quarrying, manufacturing, construction, and
electricity, gas, steam and air-conditioning supply, can be obtained through consultative
meetings with industry experts.
Another major data gap for the physical flow accounts is the volume of industrial wastewater
generated. Although this information is being reported by industries to the regional offices of
the Environmental Management Bureau (EMB) through Self-Monitoring Reports (SMRs),
these are not yet organized into a central database and may not be available in a format that
can easily be processed and analysed. As an alternative, the data used by EMB in their
computation of greenhouse gas inventory for the waste sector will be requested. And as a
way forward, data on industrial wastewater will be requested from the regional offices of
EMB. Similarly, agricultural wastewater is not yet taken into account in this report due to data
unavailability. This concern will be consulted with the Department of Agriculture.
Although rainwater collection for irrigation, for sprinkler systems in golf courses and parks,
and for other uses is widely practiced, there is no data on the actual amount of captured
rainwater. Rainwater collection for irrigation will be requested from the Bureau of Soils and
Water Management. Likewise, the abstraction of seawater for cooling purposes is a common
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practice in the industry; however, the actual amount remains to be unaccounted for. This
information, as well as captured rainwater as input to industrial activities, can be obtained
through consultative meetings with industry experts and with the National Water Resources
Board. Data gap on the reuse of water within the economy may also be discussed with
industry experts, especially from the water treatment and sewerage industry.

VI.

SUMMARY AND NEXT STEPS

Stocks of water in the country decreased within the reference period of 2015. Reductions in
stock are attributed to abstraction of water used as input to economic activities. Abstracted
water are either distributed or used by the same abstracting economic unit. Distribution of
water is carried out by the water collection, treatment and supply sector. The largest user of
distributed water is the households sector. On the other hand, the biggest portion of water
abstracted for own use is consumed by the agriculture sector.
Although preliminary results can be drawn from currently available data and estimation
methodologies, the compilation of physical asset and flow accounts for water resources
following the SEEA Central Framework is still at the exploratory stage. Through this study
and the various activities done in its support, data gaps have been identified and strategies
on how to address them have been discussed. Furthermore, appreciation and support of
data source agencies and stakeholders were elevated through meetings and consultative
fora, which will be pivotal in developing and ultimately, institutionalizing the accounts.
The next steps for the development of the water accounts of the Philippines would be to
request for additional data and research on other parameters and relevant estimation
methods. Bilateral and consultative meetings with data source agencies and industry experts
will also be conducted to gather additional information and to gain knowledge on the
processes within the water industry. After broadening the data support and further improving
the estimates, the accounts will be presented to the Technical Working Group on Water
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Statistics, then to the Inter-Agency Committee on Environment and Natural Resources
Statistics and ultimately, to the PSA Board.
Lastly, water emissions accounts will be developed after finalizing the flow accounts. The
emissions accounts quantitatively describe the flows of water from the economy back to the
environment, focusing not only on the volume but also on its quality. Indicators derived from
the three accounts for water resources will provide valuable insights in monitoring the
Sustainable Development Goals (SDGs) concerning water stress and water pollution.
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Appendix Table 1: Physical Asset Accounts for Water Resources, Year 2015
In million cubic meters (MCM)
Type of water resource
Surface water
Artificial
reservoirs
Opening stock of water resources

3,331

Lakes

Rivers and
streams

74,992

Fishponds
2,642

Surface Water
(Total)

Total
Groundwater

80,965

Soil water

13,661

94,626

Additions to stock
Returns (from Economy)
Precipitation

783

8,245

1,278

4,926

Inflows from other inland water resources
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Total additions to stock

15,232
-

Discoveries of water in aquifers

570,893
51,603

51,603

783

8,245

1,278

4,926

586,125

-

15,232

51,603

570,893

637,728

28,655

2,867

14,744

46,265

Reductions in stock
Abstraction (to Economy)
for hydropower generation
for cooling water
Evaporation and actual evapotranspiration

682

7,180

1,113

4,290

Outflows to the sea

Closing stock of water resources

-

-

-

13,265

497,175

-

Outflows to other inland water resources
Total reductions in stock

-

-

682

7,180

3,494

76,056

1,113

4,290

41,920

3,278

54,277

510,441

2,867

51,603

51,603

563,521

608,308

21,033

75,310
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Appendix Table 2: Supply Table, Physical Flow Accounts for Water Resources, Year 2015
In million cubic meters
Agriculture,
Forestry and
Fishing

Mining and
quarrying,
manufacturing,
and
Construction

Electricity,
gas, steam
and airconditioning
supply

Water
collection,
treatment and
supply

Other
Industries

Sewerage

Flows from the
environment

Households

Total Supply

(I) Sources of Abstracted Water
Inland water resources
Surface water

28,654.51

Ground water

2,866.77

28,654.51
2,866.77

Soil water

14,744.00

14,744.00

Total

46,265.27

46,265.27

Other water resources
Precipitation

0

0

Sea water

13.72

13.72

Total

13.72

A-39

Total supply abstracted water
(II) Abstracted water
For distribution
For own-use

13.72
46,279.00

1,904.24

1,904.24

42,831.30

13.72

-

853.15

-

-

16.33

456.11

6.15

14.72

0.03904

292.78

-

43,698.18

(III) Wastewater and reused water
Wastewater
Wastewater to treatment
Own treatment

394.25

394.25
786.12

Reused water produced
For distribution
For own use
Total supply wastewater and reused water

1,180.38

(IV) Return flows of water
To inland water resources
Surface water
Ground water

676.58

Soil water
To other sources
Total return flows
of which: Losses in distribution
(V) Evaporation, transpiration and water
incorporated into products
Evaporation of abstracted water

-

-

676.58

-

676.58

Transpiration
Water incorporated into products
TOTAL SUPPLY

48,135.95
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Appendix Table 3: Use Table, Physical Flow Accounts for Water Resources, Year 2015
In million cubic meters
Mining and
quarrying,
manufacturing, and
Construction

Agriculture,
Forestry and
Fishing

Electricity, gas,
steam and airconditioning
supply

Water collection,
treatment and
supply

Other
Industries

Sewerage

Households

Flows to the
environment

Total Use

(I) Sources of Abstracted Water
Inland water resources
Surface water

27,292.30

1,362.21

Ground water

795.00

2,071.77

Soil water

14,744.00

Total

42,831.30

28,654.51
2,866.77
14,744.00

-

-

3,433.97

-

-

46,265.27

Other water resources
Precipitation

-

Sea water

13.72

Total
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Total use abstracted water

0
42,831.30

13.72

13.72
13.72

0
-

0
3,433.97

0

0

13.72

-

-

46,279.00

0.03904

292.78

1,132.84

1,904.24

838.43

43,698.18

0.04

292.78

1,971.27

45,602.42

(II) Abstracted water
Distributed water

16.33

456.11

Own-use

42,831.30

13.72

Total

42,847.63

469.83

6.15
14.72
6.15

14.72

(III) Wastewater and reused water
Wastewater
Wastewater from other units
Own treatment

394.25
16.33

456.11

6.15

14.72

0.03904

394.25
292.78

786.12

Reused water produced
Distributed reuse
Own-use
Total wastewater and reused
water
(IV) Return flows of water

1,180.38

To other sources
Total return flows

676.58

676.58

(V) Evaporation, transpiration and
water incorporated into products
Evaporation of abstracted water
Transpiration
Water incorporated into products
TOTAL USE

48,135.95
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DEFINITION OF TERMS

Abstraction

The amount of water removed from any source, either
permanently or temporarily, during the accounting period

Asset

A store of value representing a benefit or series of
benefits accruing to an economic owner by holding or
using the entity over a period of time

Discoveries of water in new
aquifers

The quantity of water in the newly discovered aquifer
distinct from the over-all capacity of the aquifer as
initially assessed

Evaporation

The amount of water evaporation from water bodies

Evapotranspiration, Actual

The amount of water that evaporates from the land
surface and is transpired by the existing vegetation

Evapotranspiration,
Potential

The ability of the atmosphere to remove water from the
surface assuming no control on water supply

Groundwater

Water that collects in porous layers of underground
formations known as aquifers and yield significant
quantities of water to wells and springs

Inflows

The amount of water that flows into water resources
during the accounting period

Outflows

The amount of water that flows out of water resources
during the accounting period

Precipitation

The volume of atmospheric precipitation (rain, snow,
hail, etc.) on the territory of reference during the
accounting period

Returns

The total volume of water that is returned to the
environment by economic units

Soil water

Water suspended in the uppermost belt of soil or in the
zone of aeration near the ground surface

Surface water

This covers all water that flows over or is stored on the
ground surface, which includes water in artificial
reservoirs, lakes, rivers and streams, and glaciers, snow
and ice

Wastewater

Water that is discarded and is no longer required by the
owner or user
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Foreword
The Material Flow Accounts of the Philippines are environmental accounts
developed and compiled by the Philippine Statistics Authority (PSA) under the
Philippine Economic-Environmental and Natural Resources Accounting (PEENRA)
Project. The PEENRA is a system established through Executive Order No. 406
which aims to compile environmental accounts to generate macro-indicators that
reflects the relationships and interactions between the environment and the
economy.
The data assessment report on material flow accounts is considered a milestone in
the history of PSA, being a pioneering effort to develop the environmental accounts
estimates of the Philippines. As with other initiatives of the institution to develop
operational frameworks and methodologies, the PSA deemed it wise to create
linkages and partner with organizations of the United Nations, the private sector, civil
society organizations, academe, and stakeholders within concerned industries. The
call to support the operationalization and institutionalization of the framework on
environmental accounting turned out to be a success with the help of various
stakeholders in this PSA endeavor.

LISA GRACE S. BERSALES, Ph.D.
Undersecretary
National Statistician and Civil Registrar General

Quezon City, Philippines
January 2019
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List of Acronyms and Abbreviations
CPES

Compendium of Philippine Environmental Statistics

DE
DMC
DMI
DPO
EW-MFA

Domestic Extraction
Domestic Material Consumption
Direct Material input
Domestic Processed Output
Economy-wide Material Flow Accounts

PEENRA

Philippine Economic-Environmental and Natural Resources Accounting

PTB
SEEA-CF

Physical Trade Balance
System of Environmental-Economic Accounting Central Framework

TMR

Total Material Requirement
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Data Assessment on the Material Flow Accounts of the Philippines
low Accounts of the Philippines

EXECUTIVE SUMMARY
One of the challenges the country now faces is the reduction of environmental risks
considering that some efforts directed towards higher standards of living and the
growth of the economy has become counterproductive in sustaining a green
economy. This is a call to action in order for stakeholders to manage economic
activities that exert pressure on the environment. In line with the Philippine Statistics
Authority‘s (PSA’s) mandate to compile environmental statistics, the data
assessment on material flow accounts in the Philippines was undertaken through the
Philippine Economic-Environmental and Natural Resources Accounting (PEENRA)
Project.
Material flow accounting is one of the environmental accounts recommended to
monitor extraction of raw materials from the environment to the economy and wastes
and emissions from the economy back to the environment. Since MFA in the
Philippines are new endeavor, this leads to the main objective of the study which is
to determine the feasibility of applying material flow accounting in the Philippines.
In accordance with the objective of the study, several international and local studies
about the MFA are presented in this report. This is followed by the main part which
presents the list of needed data in matrix form, their possible sources, and
international frameworks to assess which parts of the MFA can be completed using
the available data in the Philippines. The last part focuses on the next steps to be
undertaken in order to improve the development of material flow accounts in the
Philippines.
The data matrix which contains the list of relevant statistics to complete the
compilation of the MFA is based on the Global Material Flow Accounting Manual of
United Nations Environment Programme and the Economy-Wide Material Flow
Accounts Handbook of Eurostat. These two references, along with the United
Nations System of Environmental-Economic Accounting can also be used in the
development of the methodology of the MFA. Based on the results of the data
assessment, the possible data sources for the compilation of MFA are the
CountryStat, an online platform where agricultural statistical information are
integrated; the Department of Environment and Natural Resources; the Department
of Energy; and the Climate Change Commission. At present, the MFA in the
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Philippines are still a work in progress. The next steps are to create test accounts for
domestic extraction, domestic processed output, physical exports, and physical
imports; and to explore Global Material Flow Accounting Manual for compilation,
data gaps, and estimation procedures. ___________________________________
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INTRODUCTION
Material flow accounts (MFA) are the compilation of the entry of materials from the
natural environment to national economy and their return to the environment through
wastes and emission. Currently, the MFA in the Philippines are at its exploratory
stage. In this report, the methodology and availability of data are assessed for its
feasibility in the Philippines.
The Philippines is one of the emerging economies in Asia based on gross domestic
product. According to the World Bank, it is among the top three growth performers in
Asia as of 2017 along with Vietnam and China. Furthermore, its economic growth will
continue to reduce poverty rate given the assumption that the relationship between
poverty rate and economic growth will not change. With the aim to sustain its
economic progress and as one of Asia’s fastest urbanizing countries, the Philippines
faces incongruent objectives for its residents and the native land. Related to the
objective of increasing well-being and material standard of living of the residents,
environmental pressures and their impact to the national economy have become
more pronounced.
Raw materials such as biomass, fossil fuel, metal ores, and non-metallic minerals
that accounted in MFA are used to provide needs of humans, and they play a
significant role in economic processes (Global Material Flow Accounts Manual,
2017). Because of the expansion of economic activities that coincides with the
steady increase of population, the unceasing extraction of raw materials results not
just in the degradation and depletion of these resources but also in the proliferation
of wastes and emissions.
To address the issue, the Philippine Economic-Environmental and Natural
Resources Accounting (PEENRA) Project, spearheaded by the Philippine Statistics
Authority (PSA), is currently developing the material flow accounts (MFA) in the
Philippines which will compile entry of raw materials from the environment to the
economy, its flow within the economy, and their return to the environment through
wastes and emissions. The accounts will deliver a comprehensive overview on
natural resources extraction, trade in natural resources, and waste disposal and
emissions.
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According to Irwin and Wernick in 2005, material flow accounts help policymakers
understand and deal with the origins of specific environmental issues such as
pollution abatement and natural resource management and productivity. In addition
to that, MFA are essential in the participation of the Philippines in fulfilling the 2030
Agenda for Sustainable Development which has been agreed upon by the world
leaders in 2015 (United Nations, n.d.). To address environmental issues using
objective and quantitative basis, the accounts will provide indicators to monitor the
progress of Sustainable Development Goal Indicators 8.4.1 and 12.2.1 Material
Footprint and Sustainable Development Goal Indicators 8.4.2 and 12.2.2 Domestic
Material Consumption (Global Material Flow Accounts Manual, 2017).
Objectives of the study
The main objective of the study is to develop a preliminary material flow accounts for
the Philippines. Specifically, the study aims to conduct domestic extraction, physical
imports, physical exports, and air emission under domestic processed output of
material flow accounting in the Philippines. It is believed that these components can
be supported with the currently available data in the country and possibly apply the
Economy-Wide Material Flow Accounts of Eurostat, on the System of EnvironmentalEconomic Accounting, and the Global Material Flow Accounting Manual as the
methodological guidelines in the compilation of statistics.
REVIEW OF LITERATURE
A. Application in International Countries
Material flow accounting have been implemented at the international arena which
include: Netherlands, Mongolia, Slovenia, and Thailand. This section shows the
different approaches on how these countries generated the MFA, respectively.
A study entitled Economy-Wide Material Flow Accounts by Delahaye and
Nootenboom in 2008 covers material flows in Netherlands from 1962 to 2005. It aims
to provide maximum potential use for policymakers and other research on physical
flow on research. The scope of the study includes all of the six components of
material flow accounts. The initial set up of the Dutch EW-MFA started with the
Eurostat questionnaire together with its compilation guidelines. However, a part of
the methodology deviates from the Eurostat guidelines wherein the study did not
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directly use the information from international trade statistics. Instead, the
Netherlands statistical office estimated price information using international trade
statistics to arrive with the physical information of raw materials. Furthermore, the
physical information was estimated by combining price information with monetary
import and export data from the national accounts. This deviation from Eurostat was
made in order to maintain the compatibility of physical flows of MFA with the
monetary flows of national accounts framework that follows the concepts of System
of Environmental-Economic Accounting Central Framework (SEEA-CF).
The main approach of the Dutch EW-MFA in compiling physical flows of materials
was to convert price information and monetary flows into physical data. In cases
where monetary data is unavailable, commodity flow data were used as references.
Moreover, the list of statistics provided by the Eurostat compilation guideline were
modified to suit the need for data of Dutch EW-MFA. For example, flowers, flower
bulbs, and nursery products which are not in in the list of commodities in the MFA
guideline were categorized and included in the compilation. In conclusion, the study
recommends that the Eurostat guideline is simple to implement to produce annual
reports; however, it needs minor improvements.
Another country that conducted material flow accounting is Mongolia. According to
Dambiijanstan in 2017, the data used were from 2005 to 2015. In this study, they
focused on domestic extraction, imports and exports which is similar to the study
conducted in the Philippines by Matrinico-Perez, Fishman, Okuoko, and Tanikawa.
More similarities of this study with MFA in the Philippines were the use of Economywide Material Flow Accounts Compilations Guide of Eurostat in 2013 and Eurostat’s
2013 EW-MFA Standard Tables and Questionnaire as references to compile
statistics. The study emphasized that Eurostat EW-MFA is an excellent starting point
for countries that are in the stage of developing their material flow accounts.
Moreover, the study used foreign trade statistics, agricultural census, crop, livestock
statistics, environmental statistics, industrial statistics, national accounts, household
income and expenditure survey, construction statistics, and administrative statistics
as their data sources in the compilation. Some of the issues they faced were the lack
of country-specific factors to estimate statistics and the lack of knowledge and
practice in the SEEA framework of stakeholders. Slovenia, a country in Central
Europe, conducted material flow accounting as well. The scope of the study includes
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domestic extraction, imports, and exports which is common to the MFA of Mongolia
and the Philippines. Similar to the aforementioned studies, the main methodological
guideline of this study is the MFA guideline of Eurostat. Administrative sources and
statistical surveys were the indicated data sources (Pogačnik, 2017).
Thailand, one of the Southeast Asian countries, also published material flow
accounts in 2008 to estimate the generation of waste from 1999 to 2004. The report
is entitled as Material Flow Analysis for Industrial Waste Management in Thailand by
Nakayama,

Plubcharoensuk,

and

Shimaoka.

Deviating

from

other

studies

mentioned, this study focused only on domestic processed output. It did not use
SEEA or Eurostat as its reference. Instead, the group used books and reports that
were published in different countries such as the USA, Norway, and Thailand itself.
Moreover, the aggregates used in data gathering were by type of industry, type of
waste, and type of waste treatment facility. Aside from the compilation of statistics,
the study also created a model to estimate total waste generation in millions of tons,
for corresponding year using GDP per capita as the predictor. Thailand also used the
Practical Handbook of Material Flow Analysis by Brunner and Rechberger as their
reference. The manual includes how to perform MFA using software products
Umberto and GaBi (Brunner & Rechberger, 2004)..
Among all the studies mentioned in this section, the Netherlands is the only country
that conducted the complete components of MFA. On the contrary, it is
understandable that the MFA of different countries only accomplished domestic
extraction, imports, and exports because those three components are sufficient to
compute for the indicators. Moreover, most of the countries used the Eurostat EWMFA guideline in compiling statistics except for Thailand that used software products
in their compilation.
B. Application in the Philippines
Material flow accounting is a recent endeavor in the Philippines thus the studies
regarding them are not yet widely available except for one. A study conducted by
Matrinico-Perez, Fishman, Okuoko, and Tanikawa in 2016 looked into material flow
accounting in the Philippines from 1985-2010 using the revised methodological guide
of economy-wide material flow accounting of Eurostat in 2013. The scope of the
study includes domestic extraction, imports, and exports of biomass, fossil fuel,
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metallic mineral, and nonmetallic mineral. In line with the Global Material Flow
Accounting Manual and EW-MFA of Eurostat, the study lacks input balancing item,
domestic processed output, output balancing item, and raw material equivalent of
imports and exports.

Table 1. Compiled statistics and their data sources.
Data
Source
Crop harvests, timber, and nontimber
PSY 1987-2012, annual reports of
forest products
Bureau of Fisheries and Aquatic
Resources (1985-2010), Philippine
Forest Statistics (DENR 1990, 1995, 200,
2005, 2010)
Fossil energy
PSY (1987-2012)
Imports and exports of raw and
International Energy Agency
processed fuel materials
Metal ores and industrial minerals
PSY 1987 to 2012
Sand and gravel
PSY 1987 to 2012
Socioeconomic data
World Bank Indicators 2014
Data gaps and crosschecking
FAOSTAT 2010, IEA 1994-2010, USGS
2000-2010
Since the study is specifically designed for Philippine setting, the data sources and
country-specific factors used in estimation of statistics can be validated and used for
future implementation of material flow accounting. Table 1 shows the data gathered
and data sources used by Matrinico-Perez, Fishman, Okuoko, and Tanikawa in the
conduct of MFA. Also, below are the country-specific factors that were used in the
compilation and estimation of statistics.Harvest and recovery rate of rice (1.21), corn
(0.96), coconut husk (0.22), and sugarcane (0.93). (Baconawa, 1986; Mendoza and
Samson, 1999 and 2006; Baconguis, 2007)
1. Estimation for grazed biomass is based on the consumption of carabao and
cattle (2.92 tonnes/head/year), goats (0.365 tonnes/head/year), and hogs
(0.411 tonnes/head/year). (Kastner, 2007 and 2009)
2. Estimated annual fuel wood and charcoal consumption is 0.169 tonnes/capita.
(DOE, 1996)
Eurostat, the main methodological guide of this study, does not have strict format in
presenting the results of domestic extraction, import, and export as long as the
statistics are measured in tonnage per year. This implies that the graphs presented
here were based on the discretion of the authors and not of the Eurostat MFA
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guideline. Henceforth, below are some of the examples on how the results were
presented.

Note: Figure from Material Flow Accounts and Driving Factors of Economic Growth in the Philippines, by
Martinico Perez, M. F., Fishman, T., Okuoka, K. & Tanikawa, H.

Note: Figure from Material Flow Accounts and Driving Factors of Economic Growth in the Philippines, by
Martinico-Perez, M. F., Fishman, T., Okuoka, K. & Tanikawa,
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CONCEPTUAL FRAMEWORK
The System of Environmental-Economic Accounting 2012—Central Framework
(SEEA-CF), spearheaded by the United Nations, is a multipurpose conceptual
framework that describes the interactions between the economy and the
environment, and the stocks and changes in stocks of environmental assets such as
water, minerals, energy, timber, land and other biological resources (United Nations,
2014).
In relation to this, material flow accounting that will be implemented in the Philippines
is intended to be consistent and embedded with SEEA-CF. Particularly, it will be
patterned with physical flow accounts, one of the three accounts based on the
SEEA-CF accounting structure. The physical flow accounts use physical supply and
use table which is based on the monetary supply and use table of the System of
National Accounts. These accounts record three types of physical flows using the
PSUT-framework: natural inputs, products, and residuals. Natural inputs are physical
flows from the environment into the economy, products are physical flows within the
economy; and lastly, residuals are physical flows that resulted from return of
materials to the environment (United Nations, 2014). Products flows in the national
economy are not counted in MFA.
According to Eurostat in 2018 and Global Material Flow Accounting Manual in 2017,
material flow accounting is composed of six (6) classifications which can be
categorized into two: material input and material output. Compoents under material
input are domestic extraction, physical imports, and balancing item input side while
components under material output are domestic processed output, physical exports,
and balancing item output side.
Domestic Extraction (DE) - Amount of solid, liquid and gaseous raw
materials (except for water and air) extracted from the natural environment
to be used as material factor inputs in economic processing. Domestic
extraction is further classified into biomass, fossil fuel, metal, nonmetallic
minerals
Physical Imports - Commodities brought into the country that comprise
goods at all stages of processing from basic commodities to highly
processed products_____________________________________________
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Input Balancing Item – This refers to bulk water and air flows used up by
the domestic economy
Domestic Processed Output (DPO) - The total mass of materials extracted
from the natural environment or imports that are used in the domestic
economy and then flow to the domestic environment. Domestic processed
output can be further divided into emissions to air, waste landfilled,
emissions to water, dissipative use of products, and dissipative losses
Physical Exports - Commodities sent to another country for sale that
comprise goods at all stages of processing from basic commodities to highly
processed products
Output Balancing Item - This refers to bulk water and air flows released
from the domestic economy
The components of material flow accounting can be aggregated to compute for
indicators that are useful in policy-making and monitoring impact of materials in the
environment. The indicators derived from MFA are the following:
Direct Material Input (DMI) = Domestic Extraction + Imports
DMI measures the total amount of materials which are of economic value.
Domestic Material Consumption (DMC) = Domestic Extraction + Imports
+ Exports
DMC represents the total amount of material directly used within an
economy that is either transformed into wastes and emissions or gets
accumulated in societal stocks.
Total Material Requirement (TMR) = DMI + Hidden Flows
TMR is the total mass of primary materials extracted from nature to support
human activities. This still needs consideration because TMR is largely
comprised of hidden flows which has estimates that are less reliable
compared to the materials directly used in the economy.
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Physical Trade Balance (PTB) = Imports - Exports
PTB can be used to understand the international relationship of material
use. It provides information as to whether a country depends on resources
from other countries or supplies the global demand.
The flow accounts contain information on the supply and use of emissions. Table 2
to 7 show the physical supply and use table (PSUT) based on SEEA. The PSUT can
be used as data source for the domestic processed output component of MFA
because the EW-MFA and PSUT follow the same residency principle. _______
__
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Table 2. Physical supply table of solid waste emission accounted in Domestic Processed Output.
Generation of solid waste
Waste collection, treatment, and disposal industry
Landfill
Generation of solid waste residuals
Chemical and healthcare waste
Radioactive waste
Metallic waste
Nonmetallic recyclable waste
Discarded equipment and vehicles
Animal and vegetal wastes
Mixed residential and commercial wastes
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Mineral wastes and soil
Combustion wastes
Other wastes
Total supply generation of solid waste residuals
Generation of solid waste products
Chemical and healthcare waste
Radioactive waste
Metallic waste
Nonmetallic recyclable waste
Discarded equipment and vehicles
Animal and vegetal wastes
Mixed residential and commercial wastes
Mineral wastes and soil
Combustion wastes

Other wastes
Total supply generation of solid waste products

Total

Incineration

Recycle and
reuse

Other
treatment

Other
industries

Households

Rest of the
world

Flows from the
environment

Imports of
solid waste

Recovered
residuals

Total
Supply
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Table 3. Physical use table of solid waste emission accounted in Domestic Processed Output.
Intermediate consumption; collection of residuals
Waste collection, treatment, and disposal industry

Landfill
Generation of solid waste residuals
Chemical and healthcare waste
Radioactive waste
Metallic waste
Nonmetallic recyclable waste
Discarded equipment and vehicles
Animal and vegetal wastes
Mixed residential and commercial wastes
Mineral wastes and soil
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Combustion wastes
Other wastes
Total use generation of solid waste residuals
Generation of solid waste products
Chemical and healthcare waste
Radioactive waste
Metallic waste
Nonmetallic recyclable waste
Discarded equipment and vehicles
Animal and vegetal wastes
Mixed residential and commercial wastes
Mineral wastes and soil
Combustion wastes
Other wastes
Total use generation of solid waste products

Total

Incineration

Recycle and
reuse

Other
treatment

Other
industries

Final
consumption

Rest of the
world

Households

Exports of
solid waste

Flows from the
environment

Total
Use
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Table 4. Physical supply table of water emission accounted in Domestic Processed Output.
Generation of gross releases to water
Sewerage industry

Others

Household

Accumulation
Emissions from fixed assets

Flows with the rest
of the world

Flows from the
environment

Emissions by type of substance
BOD/COD
Suspended solids
Heavy metals
Phosphorus
Nitrogen
Releases to other units
BOD/COD
Suspended solids
Heavy metals
Phosphorus

12
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Table 5. Physical use table of water emission accounted in Domestic Processed Output.
Generation of gross releases to water
Sewerage industry
Others
Household
Emissions received by the environment
BOD/COD
Suspended solids
Heavy metals
Phosphorus
Nitrogen
Collection by other economic units
BOD/COD
Suspended solids
Heavy metals
Phosphorus
Nitrogen

Flows with the rest
of the world

Flows to the
environment

Total Use

Total Supply
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Table 6. Physical supply table of air emission accounted in Domestic Processed Output.
Generation of emission
Industries (based on the classification
of ISIC)
A
Type of Substance
Carbon dioxide
Methane
Dinitrogen oxide
Nitrous oxides
Hydrofluorocarbon
Perfluorocarbons
Sulphur hexaflouride
Carbon monoxide
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Non-methane volatile organic
compounds
Sulphur dioxide
Ammonia
Heavy metals
Persistent organic pollutants
Particulates (PM10 and dust)

B

C

D

…

V

Accumulation
Household

Transport

Heating

Emissions from land fill

Total Supply of
Emissions
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Table 7. Physical use table of air emission accounted in Domestic Processed Output.
Generation of emission
Industries (based on the classification
of ISIC)
A
Type of Substance
Carbon dioxide
Methane
Dinitrogen oxide
Nitrous oxides
Hydrofluorocarbon
Perfluorocarbons
Sulphur hexaflouride
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Carbon monoxide
Non-methane volatile
organic compounds
Sulphur dioxide
Ammonia
Heavy metals
Persistent organic
pollutants
Particulates (PM10 and
dust)

B

C

D

…

V

Transport

Flows from the environment
Household
Heating

Emissions released to the environment

Total Use of
Emissions
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DATA ASSESSMENT
Currently, material flow accounts in the Philippines are a work in progress. Similar to
other countries that have conducted MFA, compilation of domestic extraction,
physical imports, physical exports, and air emission of domestic processed output is
feasible in the Philippines. The first three components mentioned are adequate to
provide indicators that are important in policymaking and monitoring SDGs.
An important step to progress in material flow accounting in the Philippines is to
assess readily available data from different government agencies.
Table 8. List of statistics and data sources for the domestic extraction of material
flow accounts.
CODE
CLASSIFICATION DATA SOURCE
A.1
Biomass
A.1.1
Primary Crops
A.1.1.1
Cereals
A.1.1.1.1
Rice
CountryStat (Palay and Corn: Volume of
Production)
A.1.1.1.2
Wheat
A.1.1.1.3
Cereals
A.1.1.2
Roots, tubers
A.1.1.3
Sugar crops
A.1.1.4
Pulses
A.1.1.5
Nuts
A.1.1.6
Oil bearing crops
CountryStat (Other crops: Volume of Production)
A.1.1.7
Vegetables
CountryStat (Other crops: Volume of Production)
A.1.1.8
Fruits
CountryStat (Other crops: Volume of Production)
A.1.1.9
Fibres
CountryStat (Other crops: Volume of Production)
A.1.1.10
Other crops
A.1.1.10.1 Spice, beverage,
CountryStat (Other crops: Volume of Production)
pharmaceutical
crops
A.1.1.10.2 Tobacco
CountryStat (Other crops: Volume of Production)
A.1.2
Crop residues
A.1.2.1
Straw
A.1.2.2
Other crop residues
A.1.2.3
Fodder crops
A.1.2.4
Grazed biomass
CountryStat (Livestock and Poultry: Volume of
Production)
A.1.3
Wood
A.1.3.1
Timber
CPES Component 2
Source: Forest Management Bureau
A.1.3.2
Wood fuel and
other extraction
A.1.4
Wild harvest
A.1.4.1
Wild fish catch
CountryStat (Fisheries: Volume of Production)
continued . . .
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. . . continued
A.1.4.2 All other wild aquatic
animals catch
A.1.4.3 Wild aquatic plant
harvest
A.1.4.4 Wild terrestrial plant
harvest
A.1.4.5 Wild terrestrial animal
catch
A.2
Metal Ores
A.2.1
Iron Ores

CountryStat (Fisheries: Volume of Production)

CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau

A.2.2
A.2.3
A.2.m
A.2.m.1

Aluminum Ores
Other metal ores
Contained metals
Silver

A.2.m.2
A.2.m.3

Aluminum
Zinc

A.3
A.3.1

Nonmetallic minerals
Ornamental or
CPES Component 2
building stone
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
Chalk and dolomite
Chalk
Dolomite
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
Limestone
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
Chemical fertilizer
minerals
Fertilizer minerals
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
Chemical minerals
Industrial minerals
continued . . .

A.3.2
A.3.2.1
A.3.2.2

A.3.2.3

A.3.4
A.3.4.1

A.3.4.2
A.3.4.3

CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
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. . . continued
A.3.5
Salt
A.3.6
Gypsum and
limestone

A.3.7
A.3.7.1

Clays
Structural clays

A.3.7.2

Specialty clays

A.3.8
A.3.8.1

Sand and gravel
Industrial sand and
gravel

A.3.8.2

Sand gravel and
crushed rock for
construction

A.3.9

Other nonmetallic
minerals

Fossil Fuels
Coal and other solid
energy
materials/carriers
A.4.1.1
Brown coal
A.4.1.1.1 Lignite

CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau
CPES Component 2
Source: Mineral Economics, Information and
Publications Division, Mines and Geosciences
Bureau

A.4
A.4.1

A.4.1.1.2 Other subbituminous
coal

A.4.1.2
Hard coal
A.4.1.2.1 Anthracite

Production Accounts Division-PSA
Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA
Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA
Production Accounts Division-PSA
Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA
continued . . .
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. . . continued
A.4.1.2.2 Coking coal

A.4.1.2.3 Other bituminous
coal

A.4.2
A.4.2.1

Petroleum
Crude oil

A.4.2.2
A.4.2.3

Natural gas
Natural gas liquids

Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA
Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA
Department of Energy – Energy Resource
Development Bureau
Coal and Nuclear Minerals Division/ Production
Accounts Division-PSA

It can be seen from Table 8 that most of the data for domestic extraction can be
gathered from CountryStat Philippines, an online platform where national food and
agricultural statistical information can be accessed. Other data sources include the
Department of Environment and Natural Resources, and the Department of Energy.
The highlighted rows are the statistics included in the compilation.
Table 9. List of statistics and data sources for the export of material flow accounts.
CODE
CLASSIFICATION DATA SOURCE
B.1
Biomass
B.1.1
Primary Crops
B.1.1.1
Cereals
B.1.1.1.2
Wheat
B.1.1.1.3
Cereals
CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group
B.1.1.2
Roots, tubers
B.1.1.3
Sugar crops
CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group
B.1.1.4
Pulses
B.1.1.5
Nuts
B.1.1.6
Oil bearing crops
B.1.1.7
Vegetables
CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group
B.1.1.8
Fruits
CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group
B.1.1.9
Fibres
B.1.1.10
Other crops
continued . . .
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. . . continued
B.1.1.10.1 Spice, beverage,
pharmaceutical
crops
B.1.1.10.2 Tobacco
B.1.2
B.1.2.1
B.1.2.2
B.1.2.3
B.1.2.4
B.1.3
B.1.3.1
B.1.3.2

Crop residues
Straw
Other crop
residues
Fodder crops
Grazed biomass

B.3.2
B.3.2.1

Wood
Timber
Wood fuel and
other extraction
Wild harvest
Wild fish catch
All other wild
aquatic animals
catch
Wild aquatic plant
harvest
Wild terrestrial
plant harvest
Wild terrestrial
animal catch
Metal Ores
Iron Ores
Aluminum Ores
Other metal ores
Contained metals
Silver
Alumium
Zinc
Nonmetallic
minerals
Ornamental or
building stone
Chalk and dolomite
Chalk

B.3.2.2

Dolomite

B.3.2.3

Limestone

B.1.4
B.1.4.1
B.1.4.2

B.1.4.3
B.1.4.4
B.1.4.5
B.2
B.2.1
B.2.2
B.2.3
B.2.m
B.2.m.1
B.2.m.2
B.2.m.3
B.3
B.3.1

CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group

CountryStat (Agricultural Exports: Quantity and
Value of by Commodity Group

Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
continued . . .
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. . . continued
B.3.4
Chemical fertilizer
minerals
B.3.4.1
Fertilizer minerals
B.3.4.2
Chemical minerals
B.3.4.3
Industrial minerals
B.3.5
Salt
B.3.6
Gypsum and
limestone
B.3.7
Clays
B.3.7.1
Structural clays
B.3.7.2

Specialty clays

B.3.8
B.3.8.1

Sand and gravel
Industrial sand and
gravel
Sand gravel and
crushed rock for
construction
Other nonmetallic
minerals
Fossil Fuels
Coal and other solid
energy
materials/carriers
Brown coal
Lignite
Other subbituminous
coal
Hard coal
Anthracite
Coking coal
Other bituminous
coal
Peat
Coal derived
products
Crude oil,
condensate and
natural gas liquids
Crude oil
Natural gas
Natural gas liquids
Oil shale and tar
sands
Fossil fuel based
products

B.3.8.2

B.3.9
B.4
B.4.1

B.4.1.1
B.4.1.1.1
B.4.1.1.2
B.4.1.2
B.4.1.2.1
B.4.1.2.2
B.4.1.2.3
B.4.1.3
B.4.1.4
B.4.2

B.4.2.1
B.4.2.2
B.4.2.3
B.4.3
B.4.4

Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division
Philippine Statistics Authority - Trade Statistics
Division

Department of Energy
Department of Energy

Department of Energy
Department of Energy
Department of Energy
Department of Energy
Department of Energy

Department of Energy
Department of Energy
Department of Energy
Department of Energy
Department of Energy
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The available data and their data sources for exports are shown in Table 9.
Meanwhile, the list of statistics for imports is the same with exports except it uses ‘C’
for coding instead of ‘B’. Also, the data sources of imports are similar to that of the
exports. Data sources with purple font are only potential data sources and have no
historical record that those government agencies have provided in the past
compilation of statistics.
Table 10. List of statistics and data sources for the air emission under domestic
processed output of material flow accounts.
CODE
CLASSIFICATION
DATA SOURCE
1
Emissions to air
1.1
Carbon dioxide
1.1.1
Carbon dioxide from
Climate Change Commission
biomass combustion
1.1.2
Carbon dioxide
Climate Change Commission
excluding biomass
combustion
1.1.3
Methane
Climate Change Commission
1.1.4
dinitrogen oxide
1.1.5
Nitrous oxide
Climate Change Commission
1.1.6
Hydrofluorocarbon
1.1.7
Perfluorocarbon
1.1.8
Sulphur hexafluoride
1.1.9
Nonmethane volatile
organic compounds
1.1.10
Sulphur dioxide
Department of Environment and Natural
Resources – Environmental Management Bureau
1.1.11
Ammonia
1.1.12
Heavy metals
1.1.13
Persistent organic
pollutants
1.1.14
Particles (PM10, dust) Department of Environment and Natural
Resources – Environmental Management Bureau
1.1.15
Carbon monoxide
Climate Change Commission/ Department of
Environment and Natural Resources –
Environmental Management Bureau

Among the five subcomponents of domestic processed output, air emission has the
most potential for compilation. Some of the data presented in Table 10 have already
been compiled in the Compendium of Philippine Environment Statistics.
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Table 11. Data gaps in the compilation of statistics
Statistics
Required data
A.1.1.10 Crop residues

primary crop harvest, harvest rate, and recovery
rate (by Krausmann and Wirsenius)

A.1.2.3 Fodder crops

moisture content in fresh weight and fresh weight

A.1.2.4 Grazed biomass annual feed intake, livestock number, and fodder
crops
A.1.2.4 Grazed biomass feed conversion coefficient (by Krausmann et al.),
meat or milk weight, and share of roughage
A.1.1.10 Wood

wood removal without bark and extension factor

While some data can be directly provided by data sources like those presented in
Tables 8 to 10, other statistics necessary in the compilation of MFA have to be
estimated first using functions of country-specific parameters. Table 11 shows the list
of statistics with data gaps that have to be addressed. The harvest rate, recovery
rate, feed conversion coefficient, and extension factor are constants while the rest of
the required data are empirical data. Equations one to six shows the estimation
procedure of statistics with data gaps. Unlike other statistics with data gaps, grazed
biomass has two ways on how it could be estimated.
EQUATION 1
𝑐𝑟𝑜𝑝 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠 = 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑟𝑜𝑝 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 ∗ ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 ∗ 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑟𝑎𝑡𝑒

EQUATION 2
𝑓𝑜𝑑𝑑𝑒𝑟 𝑐𝑟𝑜𝑝𝑠 =

1 − 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡
∗ 𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡
0.85

EQUATION 3
𝑔𝑟𝑎𝑧𝑒𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 = (𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑛𝑢𝑚𝑏𝑒𝑟 ∗ 𝑎𝑛𝑛𝑢𝑎𝑙 𝑓𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒) − 𝑓𝑜𝑑𝑑𝑒𝑟 𝑐𝑟𝑜𝑝𝑠

EQUATION 4
𝑔𝑟𝑎𝑧𝑒𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 = 𝑚𝑒𝑎𝑡 𝑜𝑟 𝑚𝑖𝑙𝑘 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡 ∗ 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑟𝑜𝑢𝑔ℎ𝑎𝑔𝑒

EQUATION 5
𝑔𝑟𝑎𝑧𝑒𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 = 𝑚𝑒𝑎𝑡 𝑜𝑟 𝑚𝑖𝑙𝑘 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡 ∗ 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑟𝑜𝑢𝑔ℎ𝑎𝑔𝑒

EQUATION 6
𝑤𝑜𝑜𝑑 = 𝑤𝑜𝑜𝑑 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑏𝑎𝑟𝑘 ∗ 𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
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SUMMARY
Material flow accounts in the Philippines are at its data assessment stage in
the present time. Based on the available data in the Philippines, domestic extraction,
physical imports, physical exports, and air emission, the subcomponent of domestic
processed output, are the components which can be compiled for MFA. Possible
references for the methodology are Global Material Flow Accounting Manual,
System of Environmental-Economic Accounting, and Economy-wide Material Flow
Accounts Handbook of Eurostat. From the results of the data assessment of MFA,
the following can serve as the data sources: CountryStat, an online platform, can be
the direct data source for biomass; the Mines and Geosciences Bureau for metal
ores and nonmetallic minerals; and Department of Energy – Energy Resource
Development Bureau for fossil fuels. The physical imports and exports can be
provided by CountryStat, the Department of Energy, and the Trade Statistics Division
of the Philippine Statistics Authority. The needed data for air emission can be
requested from the Department of Environment and Natural Resources –
Environmental Management Bureau and, possibly, the Climate Change Commission.
While the data mentioned formerly can be directly gathered from their respective
data sources; the fact remains that not all of the statistics needed in MFA can be
directly requested from government agencies or extracted from online sources.
Thus, there is an emerging concern to bridge the data gaps in order to come up with
the necessary statistics. These gaps pertain to data from biomass, specifically, crop
residues, fodder crops, grazed biomass, and wood.
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DEFINITION OF TERMS
Air emission

Aluminum ore
Chalk
Chemical
Mineral
Crop residues
Crude oil
Dolomite
Economy
Economy-wide
material flow
accounts
Fertilizer
mineral
Fodder crops
Grazed
biomass
Gypsum and
Limestone
Harvest rate

Industrial sand
and gravel
Iron ore
Lignite

Gaseous and particulate materials comprised of greenhouse
gases and air pollutants emitted by the economy into the
atmosphere
Estimated aluminum content of all aluminum ores and
concentrates, aluminum metal, and products dominated by
aluminum content
A sedimentary rock that is soft, white, porous form of limestone
composed of mineral calcite
Includes baryte, witherite for preparation of rat poison, borates for
wood preservation, and fluorspar for production of certain glasses
and enamels
Residual biomass of primary crop harvest
Mineral oil consisting of mixture of hydrocarbons of natural origin
A carbonate rock and a mineral consisting of calcium magnesium
carbonate found in crystals
A general equilibrium system in which interdependent economic
activities involving countless transactions between different
institutional units are carried out simultaneously.
A statistical accounting framework describing the physical
interaction of the economy with the natural environment and with
the rest of the world economy in terms of flows of materials
Composed of natural calcium or aluminum calcium phosphate
used in production of detergents and animal feedstock; also
includes carnallite, sylvite, and other crude natural potassium salts
Biomass harvested from natural or improved grassland
Biomass directly grazed by livestock
Includes limestone used for industrial purposes (e.g. production of
lime or cement)
Used to extrapolate total biomass residue from primary crop
harvest
Specific material properties that are required for use in iron
production and manufacturing, including fire resistant industrial
use in glass and ceramics production, in chemical production, for
use as filters, and for other specific uses
Estimated iron content of all iron ores and concentrates, iron and
steel, and products dominated by iron content
Non agglomerating coal with a gross calorific value* < 17.4 MJ/kg
containing more than 31% volatile matter on a dry mineral matter
free basis
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Liquid hydrocarbon mixtures, which are gaseous at reservoir
temperatures and pressures, but are recoverable by condensation
Natural gas
and absorption; natural gas liquids (NGL) are classified according
liquids
to their vapor pressure as condensates, natural gasoline or liquid
petroleum gas (LPG)
Sedimentary rock containing kerogen, a solid organic material
Oil shale
Consists of rocks that may be used in the form of tiles, slabs or
blocks, for either structural or decorative purposes. It includes
Ornamental and marble and other calcareous ornamental or building stone (e.g.
building stone
travertine, ecaussine, and alabaster), and granite, sandstone, and
other ornamental or building stone (e.g. porphyry, basalt), as well
as roofing stone
Other
Non-agglomerating coals with a gross calorific value of 17.4 23.9
subbituminous MJ/kg, containing more than 31% volatile matter on a dry mineral
coal
matter free
Combustible soft, porous, or compressed, fossil sedimentary
Peat
deposit of plant origin with high water content which may be used
for combustion or agricultural purposes
Primary harvest of all crop from arable land and permanent
Primary crop
cultures
Materials extracted from the environment
Raw materials
Used to extrapolate the fraction of used residues
Recovery rate
This material group concerns sodium chloride; produced from rock
Salt
salt, brine, and seawater
Used in structural engineering (e.g. buildings) and civil
Sand and
engineering (e.g. roads); use of sand and gravel in structural
gravel for
engineering is mainly for the production of concrete
construction
Composed of ball clay, bentonite, attapulgite, ceramic clay, fire
(refractory) clay, flint clay, fuller’s earth, hectorite, illite clay,
Specialty clay
palygorskite, pottery clay, saponite, and shale
Structural clays
Tar sands
Water emission
Wild harvest
Wood

Composed of common clays and loams for construction purposes
in particular for bricks and tiles
Naturally occurring bitumen impregnated sands that yield mixtures
of liquid hydrocarbon and require further processing other than
mechanical blending before becoming finished petroleum products
Comprised of materials which cross the boundary from the
economy back into the environment with water as a gateway
Fish capture (including recreational fishing) and other animals and
plants extracted from unmanaged fresh and seawater systems
Comprised of timber or industrial roundwood and fuelwood
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