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System of 
National Accounts

http://unstats.un.org/unsd/envaccounting/pubs.asp

Natural capital accounting: statistical standards
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SEEA – Central Framework

http://unstats.un.org/unsd/envaccounting/pubs.asp

Natural capital accounting: statistical standards



http://unstats.un.org/unsd/envaccounting/pubs.asp

Natural capital accounting: statistical standards
SEEA - Experimental Ecosystem Accounting

(Not yet a statistical standard)



Initial U.S. accounts: state & national, ca. 
2000 to 2015

Water accounts
• Water use by industry

• Water productivity
• Water quality

• Water emissions
• Expert elicitation of 

water quality – water 
use linkages

Ecosystem accounts
• Crop pollination
• Water filtration

• Avian biodiversity
• Recreational 

birdwatching
• Air filtration

• Urban heat island 
mitigation

• Stormwater mitigation
• Wildfire mitigation

Land accounts
• Land cover
• Land use

• Land value



Why use natural capital accounts?
 Current economic accounts are incomplete
 Link physical & monetary information in a systematic way
 Link information needed to assess water sustainability
 Integrated information for decision making:
Public sector: management & tradeoff analysis across diverse resource 

types
Private sector: identify supply chain liabilities, risk, opportunities for 

current & future investors

 Synthesize available information and improves data coherence and 
coordination
 Updated periodically - ideally annually - like economic accounts (GDP)



Basic accounting principles
 Assets combine to produce economic value

 The extent and condition of those assets matters:
◦ A large, brand-new factory vs. a smaller factory with years 

of deferred maintenance
◦ A stock of water, its quality, and the timing of flows (+ how 

well these mesh with needed uses)

 Assets can be valued using net present value 
(discounted flow of benefits into the future)
◦ Water is notoriously tricky to place an economic value on 

(natural monopoly, water rights, subsidies, etc.)



Accounting rules
 Fundamentally, are tables governed by rules, e.g.:

Total supply = Outputs + Imports

Total use = Intermediate consumption + Final consumption + Gross capital formation + 
Exports

Gross value added = Gross operating surplus + Compensation of employees + Taxes –
Subsidies

 In water accounts: 

Total abstraction + Water received from other economic units = Supply of water to other 
economic units + Total returns + Water consumption



Water & the economy: System of Environmental 
& Economic Accounts-Water



SEEA Water at a 
glance

Typical challenges:
◦ Reconciling physical & political 

boundaries
◦ Quantifying the stock of water (asset)
◦ Disaggregated/inconsistent reporting 
◦ Incomplete/no reporting (water returns, 

intra-economy flows, pollutant 
emissions, wastewater treatment)



Types of water accounts
Flow accounts
◦ Physical supply & use tables – flows from environment to economy & within economy
◦ Emission accounts – discharge back into environment
◦ Hybrid & economic accounts – water-related products & industries; gov’t expenditures on water supply 

& infrastructure

Asset accounts
◦ Produced assets – stocks of built infrastructure to supply & treat water
◦ Water resources – volume of water resources in different asset categories (surface/ground; fresh/saline) 

plus natural & human-caused changes
◦ Quality accounts – stocks & their change

“the SEEA (pp. 70 – 79) recommends starting by setting up a physical supply and use table… for different 
water sources, showing domestic water abstraction and distribution, domestic water use disaggregated by 
different users, return flows into the environment, as well as water trade (if any) with neighboring 
countries. More advanced water accounts could also include physical and monetary asset accounts for 
water bodies such as lakes and groundwater”

Presenter
Presentation Notes
PSUT: 1) Flows within the economy (between industries, households, rest of world); 2) Flow between environment & economy
Emissions: Discharge back into the environment
Hybrid: PSUT plus SNA supply-use – water-related products & industries, incl. government expenditures on water




Our work
 Best first estimates for U.S. & state level, for: 
 Physical supply & use accounts
Water quality accounts
Water emissions accounts
Water productivity accounts
 Expert elicitation of water quality-economic linkages (connect above accounts)

 Evaluate data gaps these and for other accounts (esp. asset accounts)

 Lay groundwork for future accounts, including new accounts & continuation of 
ongoing time series



Water supply & use

Donnelly and Cooley 2015

Drawn from USGS 5-year water use reports
Coefficient-based methods for golf course irrigation & hydropower

State Year

2213. Water, Sewage & Other 
(Irrigation)

Households 
(Domestic)

Irrigation 
112. 

Animal 
Production 
(Livestock)

1125. 
Aquaculture

31-33. 
Industrial 21. Mining

2211. Electric Power Generation, Transmission and 
Distribution

Total Across 
all 

Industries221310 Water 
supply (Public 

supply)

221320 Sewage 
treatment 
facilities 

(Wastewater)

111. Crop 
Production 

(Irrigation Crop)

713910. (Golf Courses 
and Country Clubs)

Thermoelectric Power 
(Once-through 

cooling)

Thermoelectric 
Power (Closed-loop 

cooling)

Hydroelectric 
(Evaporative 

Use)a

National 2000 42,740.8N/R 3,576.3 138,172.2 1,971.2 2,362.1 5,792.9 19,496.6 4,129.6 174,307.8 18,395.4 14,630.1 425,575.0
National 2005 43,675.2N/R 3,726.9 126,490.8 2,157.0 2,140.8 8,828.5 18,059.8 3,828.3 182,557.2 16,501.0 14,689.0 422,654.5
National 2010 41,357.3N/R 3,524.2 114,381.9 1,570.1 1,993.4 8,946.3 16,179.3 3,965.3 150,525.5 8,855.5 14,803.9 366,102.7
National 2015 38,419.3N/R 3,255.8 117,018.2 1,445.1 2,093.8 7,450.0 14,784.0 3,996.4 126,110.2 5,027.0 14,113.8 333,713.3

Physical supply & use of water, 
Alabama, 2015 Industries (by NAICS 2017 category)

2213. Water, Sewage & Other (Irrigation)
Households 
(Domestic)

Irrigation 112. Animal 
Production 
(Livestock)

1125. 
Aquaculture 31-33. Industrial 21. Mining

2211. Electric Power Generation, Transmission and Distribution
Total Across 
all Industries221310 Water supply 

(Public supply)

221320 Sewage 
treatment facilities 

(Wastewater)

111. Crop 
Production 

(Irrigation Crop)

713910. (Golf Courses 
and Country Clubs)

Thermoelectric Power 
(Once-through 

cooling)

Thermoelectric 
Power (Closed-loop 

cooling)

Hydroelectric 
(Evaporative 

Use)a

A. Water Use
1. Total abstraction 762.0 N/R 36.7 180.9 43.0 26.2 49.4 493.7 30.3 6,460.0 162.0 999.7 9,243.7
1.i.1. Surface Water, of which is 490.0 N/R 0.0 81.1 43.0 14.7 22.2 461.0 8.5 6,460.0 162.0 999.7 8,742.0

Fresh 490.0 N/R 0.0 81.1 43.0 14.7 22.2 461.0 8.5 6,460.0 162.0 999.7 8,742.0
Saline 0.0 N/R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.i.2. Ground Water, of which is 272.0 N/R 36.7 99.8 0.0 11.5 27.2 32.7 21.8 0.0 0.0 0.0 501.7
Fresh 272.0 N/R 36.7 99.8 0.0 11.5 27.2 32.7 21.8 0.0 0.0 0.0 501.7
Saline 0.0 N/R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2. Use of water from other economic 
units N/R N/R 320.0 N/R N/R N/R N/R N/R N/R N/R N/R N/R 320.0

Reclaimed wastewater N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R 0.0

3. Total use of water 762.0 0.0 356.7 180.9 43.0 26.2 49.4 493.7 30.3 6,460.0 162.0 999.7 9,563.7

B. Water supply
4. Supply of water to other economic 
units 320.0 N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R 320.0

Wastewater to sewerage

5. Total returns N/R N/R N/R 1.2 0.0 N/R N/R N/R N/R 6,415.9 98.9 N/R 6,516.0

6. Total supply of water 320.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 6,415.9 98.9 0.0 6,836.0

7. Consumption 442.0 0.0 356.7 179.7 43.0 26.2 49.4 493.7 30.3 44.1 63.1 999.7 2,727.7

N/R: Not reported
aCoefficient-based estimate
bRelative surface and groundwater use unknown; assigned as 50/50

Presenter
Presentation Notes
Added an animation on this slide to show the smaller national table, the explanation about coefficients and the Donnely/Cooley chart…

After a single click those will all disappear and a larger table showing what our state tables look like that have much more detail..



Water use classification vs. 
NAICS

USGS: 8 categories

North American Industrial Classification System 
(NAICS): Hierarchical industry classification

https://www.census.gov/eos/www/naics/



Water use - 2015

Presenter
Presentation Notes
Animation shows the first two water use and % change maps, with next click the groundwater maps become visible and the other maps will disappear.



Water use
Total water use by industry including thermoelectric, 2015 Total water use by industry excluding thermoelectric, 2015

Presenter
Presentation Notes
Animation will first show the Map on the left, including thermoelectric in the pie charts along with the table explaining why we chose to remove the thermoelectric…then after a click the table will disappear and the map excluding thermoelectric will show up.



Water quality accounts (ca. 2002-2012)



Water quality accounts



Water emissions accounts
• USEPA Discharge Monitoring Reports –
great but some important caveats
• Only NPDES facilities
• Self-reported - data gaps & errors (can 

sometimes be fixed)
• Tracks by SIC code – messy translation to NAICS

• We initially report only for 2015 at 
national scale



Water emissions accounts



Water productivity ($ GDP/100 gal water 
used)

•Limited by thematic resolution of water use & GDP data

•Can’t resolve e.g., industries as we lack data on industrial use of public supply

Donnelly and Cooley 2015

Water productivity (GDP, 2009 US Dollars/100 gallons of water)

Crop Production, 
Livestock, 

Aquaculture
Mining

Total 
(Deducting domestic use, 

adding golf courses & 
evaporative loss from 

hydropower)

Total (USGS Reported)

National 2000 $0.16 $14.17 $8.27 $8.40

National 2005 $0.20 $15.39 $9.83 $9.53

National 2010 $0.24 $19.27 $11.75 $11.39

National 2015 $0.26 $28.16 $14.32 $13.84

Presenter
Presentation Notes
Total Altered = (Incl. Golf/Evaporative Hydroelectric use) (Not Incl. Domestic, Deliveries from Public Supply to Domestic) 

Total USGS reported includes all industries, but not including golf/evaporative hydroelectric use



Total water productivity - 2000 & 2015

Presenter
Presentation Notes
Total Altered = (Incl. Golf/Evaporative Hydroelectric use) (Not Incl. Domestic, Deliveries from Public Supply to Domestic) 



Water productivity by industry - 2015



Changes in water productivity, 2000-2015

Presenter
Presentation Notes
Percentages can be deceiving with productivity, since very small changes in productivity amount to large percentages…



Expert elicitation, water quality-
economic linkages
 Q1: What are the effects of changing water quality on the 
economy?

 Q2: How does economic activity affect water quality?

 Compare, e.g.,:
 States with water quality changes for key metrics
 States with high GDP in in industries potentially vulnerable to water quality 

change



Water quality-economic linkages
 Elicitation from 15 water/water quality experts from USGS & USEPA

 Effects of 14 water quality parameters (measured nationally or of emerging 
concern) on 8 water use types



Impacts of water quality on the economy



Impacts of economic activity on water quality



Accounts investigated but not compiled
Water asset accounts -
Work underway with USGS 
National Water Census
Watershed-level surface 

water budgets
National-scale groundwater & 

soil water model



Overlap, challenges, extensions to 
USGS National Water Census
 Other remaining gaps for water accounts:
 Water supply & use: 1) Return flows to environment, 2) flows 

between industries (Marston et al. 2017), 3) timing & thematic 
resolution
 Water quality: Finer-scale change than # of gages (national 

SPARROW model would be ideal – forthcoming 2019 USGS 
product)
 Summarize by watersheds or political boundaries?

 Some overlap with ongoing work at USGS & other 
agencies
 April 2018 USGS Water Availability & Use Program – Water Use 

Workshop
 Census Bureau collecting data on water use by industry in 2017 

Economic Census (most recent previous data from 1983, Becker 
2016)

Water accounts offer connections to economic data –
value of water resources, multiple ways to inform decision 
making



Summary
Account Description Key data sources Key limitations

Physical supply & 
use

Water use & its change over time USGS National Water Use 
Information Program

5-year time periods /w 4 years to release; low 
thematic resolution

Water quality Key water quality parameters USGS NAWQA for surface & 
groundwater

Uneven spatial coverage (national SPARROW 
model showing annual change would be the ideal)

Water productivity GDP/unit water use Bureau of Economic Analysis
GDP estimates; USGS water use 
data

Be sure to tie any improvements in water use 
thematic resolution to NAICS codes

Water emissions N, P, organic enrichment, solids, metals 
emissions to waters

USEPA Discharge Monitoring
Reports

Data limited to facilities with NPDES permit; 
incomplete data & errors more likely prior to 2017; 
reports using SIC codes; discharges to WWTPs 
included in TRI but difficult to incorporate

Water quality-
economic linkages

Expert elicitation linking water quality
change to economic impacts

Expert elicitation led by USGS Qualitative; provides basis for further quantitative 
work

Water asset 
account

Changes in water volume held in different 
types of water assets (reservoirs, lakes, 
streams, snow, groundwater, soil)

Not yet attempted; key 
components underway as part 
of USGS Water Census

TBD



Application of water accounts to water 
management elsewhere



Application of water accounts to water 
management elsewhere





Possible water management/analysis 
applications
Meeting future water demand

 Social & economic gains from water policy changes – e.g., water pricing & 
allocation

 Trade & environment: water use & pollution

 Transnational water resource management

 Linkages to other environmental accounts (fisheries, forestry, land/soils, 
ecosystems)

 Value of water to the public & the economy

 Context for value of USGS information studies



Open questions
• What value/use cases do you see for 
developing water accounts in the 
U.S.? 

•Are we missing any potentially 
important data sources/databases?

• How can we better collect and 
manage data to provide more timely, 
complete, & accurate water accounts 
information?

Thanks!
kjbagstad@usgs.gov

mailto:kjbagstad@usgs.gov
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