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• High quality data
• Excellent natural science understanding of the environment
• Popular support / political will
• Clear and effective regulation and incentives

Economic

Valuation



2.  Because of these resource constraints, every time we decide 
to do one thing, we are in effect making a decision not to do 
another. We are implicitly placing values on each option. 

Valuation is unavoidable; it is the essence of decision making. 

To pretend otherwise is irresponsible

Be explicit about the valuations inherent in all decision making.

Valuation: Two inescapable facts

1. Human wants (including those with the highest possible 
motivations such as improving society or even saving lives) 
exceed the resources available to satisfy them all; 

Recognise that all decisions imply trade-offs….. 
…..especially those involving the natural environment

Valuation

http://en.wikipedia.org/wiki/File:The_Earth_seen_from_Apollo_17.jpg
http://en.wikipedia.org/wiki/File:The_Earth_seen_from_Apollo_17.jpg
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How would YOU make 
decisions?
(and not just for the 
environment – at the same time 
also allocate scarce resources 
for the health service, 
education, employment and 
social security, etc., etc.)

• Need to make changes 
commensurate

• Need to know their relative 
importance (their value).

• Need to have consistent 
values across decisions.

Money is a convenient common 
unit of value with comparability 
across sectors (it is the least 
worst common unit)
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e.g. Understanding changes in agricultural land use

Output prices

Input costs

Technology

Soils

Temperature

Rainfall

Common Agricultural Policy

Environmental Policy

Intervention 

Spatially referenced data for all of GB; High resolution; 55,000 cells; Approx. 50 
records per cell p.a.; data from 1972 to 2010; Nearly 40 million observations

Decision support: Rather than inventing future worlds -
understand the drivers of change



Constrained optimization problem:
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Estimation profit function:

Example derived yield function:
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for i = 1,..,h-1

Farmers determine land use 

subject to a variety of contraints

e.g.: physical environment of 

farms, prices; costs; policy; etc.

These dictate 

potential yields

The model estimates land use – which 

can be compared against actual 

observations to test model validity

Validate analyses – but not like this!



Like this!

Out-of-sample, actual versus predicted validation tests

Actual Predicted

Actual Predicted

Cereals

Grasslands



Actual Predicted

Actual Predicted

Figure!13.3:!Climate!change!impacts!over!the!2014>63!assessment!period:!Mean!
growing!season!(April>Sept.)!air!temperature!and!total!monthly!precipitation.!

Figure.!13.3

Figure!13.3:!Climate!change!impacts!over!the!2014>63!assessment!period:!Mean!
growing!season!(April>Sept.)!air!temperature!and!total!monthly!precipitation.!

Figure.!13.3
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20632014

Temperature

Rainfall

Show how drivers lead to change
e.g. Climate change



Cereals Beef2014

Low High

Cereals Beef20142039Cereals Beef201420392063

Show the consequences of change 
e.g. Changing climate → Changing land use



Cereals Beef2014

Low High

Cereals Beef20142039Cereals Beef201420392063

Nitrates Phosphates

Market 
values 

e.g. water 
treatment 
costs 

Non-market values
e.g. recreation values

Linking land use to water quality, 
ecological quality and economic values 

Show the consequences of change 
e.g. Climate → Land use → Water quality → Ecology → Values



1 visit

10 visits

1 visit

8 visits

Explain the derivation of economic values

• Household survey data (e.g. MENE): 
o Home location 
o Location of visited sites
o Visit frequency 
o Calculate visit travel time & costs
o Data on site quality

£

4 visits

£

• Analysis



Research

Tools

Policy & Management

From research to decisions: 
Decision support tools



ORVal:
Outdoor 

Recreation 
Valuation Tool

Co-design tools with decision makers
e.g. 1: Recreation planning

Visits pa.  10,000 

Value:     £35,000 

Visits pa.  25,000 

Value:     £110,000 

Visits pa.  200,000 

Value:     £400,000 

Visits pa.  120,000 

Value:     £450,000 



Co-design tools with decision makers
e.g. 2: Valuing transport noise



House price

Structural 
component

Neighbourhood
component

Accessibility
component

Environmental
quality

Valuing transport noise



• Hedonic property price study for 

the DfT, feeding directly into their 

cost-benefit rules for road decision 

making

• Case study of UK’s second largest 

city

• 10,848 residential property sales
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Valuing transport noise: Data

Unemployment rates

Affluence measures
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Location & quality of schools

Valuing transport noise: Data
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primary schools, wards
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Valuing transport noise: Data

Road noise

Rail noise

Aircraft  noise



A selection of property price determinants

Dependent variable = Natural Log of Property Price. 
* = sig. @ 10% level; ** = sig. @ 5% level; *** = sig. @  1% level

Valuing transport noise: Analysis



% change in house 

prices per dBLEQ

Road noise Rail noise Airplane noise

-.28% -.84% -.98%

Second stage analysis: Welfare changes (values) in £/year

Noise Change (dB) Road noise Rail noise Airplane noise

80 to 79 87.91 135.29 147.97

79 to 78 85.52 133.05 145.73

. . . .

57 to 56 33.03 83.73 96.41

56 to 55 30.64 81.49 94.20

Welfare changes calculated at median house price expenditure (1997 values)

First stage analysis of implicit prices: Not all noise is equal

Valuing transport noise: Analysis



However complex the analysis needs to be,
the tool should be as simple as possible

Valuing transport noise: Decision support tool



Co-design tools with decision makers
e.g. 3: Green Taxes
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e.g. 3: Green Taxes



Co-design tools for policy implementation: 
Incentive Mechanisms for Natural Capital Management



For Government…



For Business…
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Study site
Sumatra: A global biodiversity hotspot

For Business & NGOs…



Costs of conservation

Effectiveness of conservation

Effectiveness of conservation

For Business & NGOs…



Cost-effectiveness of conservation for red list mammalsEffectiveness of conservation Costs of conservation

For Business & NGOs…



Cost-effectiveness of conservation for red list mammalsCost-effective conservation Profitability of conservation

For Business & NGOs…



Bringing multiple tools together:
The Integrated Model

TIM
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Carbon storage 
in crops & trees

Carbon release from 
harvest & felling

Soil carbon changes

Machinery & 
fertiliser emissions

Land use change: GHG values (CO2, N2O, CH4)

Livestock emissions

Average annual GHG emissions 2014-63

Agriculture Forestry

Monetised using 
using UK official 

estimates per 
tonne CO2e
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Land use impacts on Biodiversity

Breeding Birds Survey: 
Bird diversity indices

• Grid referenced
• GB coverage
• Time series

Data:

TIM
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Land use impacts on Biodiversity

Modelled linkages: 

Climate change

Land use 

Biodiversity

Impact of climate change induced 
changes in land use 2014-63: 
• Some increases in upland 

biodiversity
• Offset by losses in lowland areas 

due to greater extent and 
intensity of arable production. 

 

Changes in bird biodiversity (Simpson’s index) under the BAU (2014-2063) 

Measure of 
biodiversity 

change 
Mean* S.E. Mean 

Lower 95% 
CI 

Upper 95% CI St. Dev. 

All Birds -0.248 0.006 -0.260 -0.236 1.420 

Woodland Birds -0.034 0.004 -0.041 -0.027 0.839 

Farm Birds -0.032 0.004 -0.039 -0.025 0.873 

Red/Amber Birds -0.092 0.002 -0.097 -0.088 0.573 

 
Table. 13.3 Measures BAU changes in bird biodiversity for 2014-63, using Simpson’s index of bird 
diversity. Positive (negative) values indicate increases (decreases) in diversity. 

N  = 57,230 for all GB level analyses (the number of 2km x 2km squares in Great Britain) 
95%CI  = 95% confidence interval around the mean 
St. Dev.  = Standard deviation 

*All means are significantly different from zero at p<0.01 (nonparametric test applied due to 
significant skew in data) 

• Grid referenced
• GB coverage
• Time series

Data:

Lack of robust values means that biodiversity impacts were 
not monetised but rather are used as a constraint

Climate change impacts 
2014-63

TIM
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N  = 57,230 for all GB level analyses (the number of 2km x 2km squares in Great Britain) 
95%CI  = 95% confidence interval around the mean 
St. Dev.  = Standard deviation 

*All means are significantly different from zero at p<0.01 (nonparametric test applied due to 
significant skew in data) 

• Grid referenced
• GB coverage
• Time series

Data:

Lack of robust values means that biodiversity impacts were 
not monetised but rather are used as a constraint

Climate change impacts 
2014-63

TIM

http://2.bp.blogspot.com/-JsUu3goMm_I/TV-O8e6OKXI/AAAAAAAAA2Q/T7Oet6mAWdw/s1600/cows.jpg
http://2.bp.blogspot.com/-JsUu3goMm_I/TV-O8e6OKXI/AAAAAAAAA2Q/T7Oet6mAWdw/s1600/cows.jpg


Managing Natural Capital: Integrated Optimisation
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Managing Natural Capital: Integrated Optimisation

Recreation
Habitat for 
biodiversity

Clean water
Greenhouse gases

Synergies and Trade-offs

Quantification Valuation



The Integrated Model
Where to plant Britain’s new woodlands

TIM



Targeted using: 

Targeted using: 
market value (food & timber)
+ greenhouse gases 
+ recreation 
+ water quality improvement
+ biodiversity improvement

Cost benefit value 
including externalities: 
+ £546million p.a.

market value (food & timber) only

Cost benefit value including 
externalities: 
- £66million p.a.

Timber

Recreation

Agriculture

Water

GHGs

Agriculture

Biodiversity

The Integrated Model
Where to plant Britain’s new woodlands

Timber

TIM



Input to participatory decision making: Virtual reality representation

Water

Recreation GHGs

Biodiversity

TimberAgriculture

The Integrated ModelTIM



• There are always trade-offs so there are always values

• Use the framework, language and units of decision making

• Rather than inventing future worlds, understand the drivers of 
change so that analyses are restricted to only considering what is 
possible using feasible policy instruments

• Analyses need to be validated clearly 

• Analyses should capture necessary complexity but decision 
support tools should be as simple as needed to get the job done

• Co-design decision support tools with their intended users

Some principles

Bringing the Natural Environment into 
Economic Decision-Making



“A vision for future water 
management in which water 
is valued as the precious and 

finite resource it is”

UK-NEA
& Follow-On

Natural Environment 
White Paper

Water 
White Paper

Policy impact

The 
Natural
Capital 

Committee

Engaging the 
Business Sector

Research for ES 
decision making

“Applying ecosystem service 
valuation across the UK” “mainstream the value of 

nature across our society” 
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The 25 Year Plan

Sources: UK-NEA: www.gov.uk/guidance/ecosystems-services
NCC: https://www.gov.uk/search?q=natural+capital+committee

Bateman et al., Science, 341: 45-50 (2013); PNAS, 112: 7408–7413 (2015)
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