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From What to How? 

 

Ecosystem services valuation methods:  

appropriate scale and scope in agriculture 
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Transformation of agriculture and 

food systems based on ecosystem 

services (ES) valuation 



Agriculture poses risks to Ecosystems 
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Drivers of Ecosystem Change 



Ecosystem Services in Agriculture 



Relevance of ES to agriculture 

Sandhu et al. 2012 Ecol. Econ. 



Impacts of agriculture on ES 

Sandhu et al. 2012 Ecol. Econ. 



How to measure ES in 

Agriculture? 



$ value of ecosystem services  

for the world: 

 

US $ 33,000,000,000,000 p.a. 

 

Gross global GDP: 

US $ 18,000,000,000,000 p.a. 

(Nature 1997) 

ES Valuation 

Top down value transfer approach 

Current ES value $125 trillion/year 

ES losses $4 - 20 trillion/year 

(GEC 2014) 



Bottom-up valuation approach 



Bottom-up approach 

• Bio-physical 

measurements 

based on 

experimental work 

• 12 ES 

• Economic value 

Sandhu et al. 2008 Ecological Economics 

Field level 



Spatial application to regional scale for policy 

Increased percentage in non-market ES when half of the conventional area is converted to organic farming  

Sandhu et al. 2008 Ecol. Econ. 

Field level Regional level 



Combined food, fodder and energy system 

Copenhagen University, Denmark 

•  Biomass hedges and crops 

 

•  Crop rotation 

 

•  Organic management 

 

•  Energy neutral 

Porter, Sandhu, Wratten, Costanza, Sigsgaard 2009 Ambio 

Field level Regional level  

 

Continental level 

 



Bold ideas and unjustified 

assumptions are the only way 

to advance science 

 

 

Karl Popper 



Extrapolation to global scale for 

policy 

• Biophysical measurements at field scale 

• Economic value at field $/ha including input/output 

data 

• Data from 110 countries, temperate regions, 4 crops, 

inputs (fertilisers and pesticides) and outputs data. 

• Calibrate localised input/output data, apply range of 

values of ES (from previous studies) to these sites 

• Estimate ES values at each site 

• Provide global estimates of ES values 

Sandhu, Wratten, Costanza, Pretty, Reganold, Porter 2015 PEER J 



Total value of inputs in 15 global 

regions 

Field level Regional level  

 

Continental level 

 

Global level 



ES values for policy scenarios 

Sandhu et al. 2015 PEER J 



Application to TEEB AF 



A. ES value database from field studies 

 
 

B. Application to different sites 

 
 

C. Stocks and flows 

Step-by-step process for estimating ES values from agriculture:  

bottom-up approach approach 

Procedure developed and tested 

ES values at target site 

Calibration 

ES 

IP/OP 



Explore ES production and management cost for rolling out 

policy 

Sandhu et al. 20153 ES Book 

Scena

rio 

Output ES Cost Agro-ecosystems 

S1 Low Low Low Poor systems 

S2 Low High Low Ideal for environmental 

outcomes 

S3 Low Low High Degraded systems 

S4 Low High High Multifunctional systems 

S5 High Low Low Current monocultures 

S6 High High Low Optimal systems 

S7 High Low High Changing ecosystems 

S8 High High High Unsustainable 



• SEEA Ag relevance for national accounting: Consistency in 
methods to measure and monitor ES to be used for inclusion in 
GDP in longterm. 

• SEEA Ag only accounts for Ag production, water resources, GHG 
emissions, land use change 

• Bottom up approach accounts for all ES and not just costing for 
environment pollution 

Ecosystem 
services 

Ag inputs 

Basic 
accounts 

Indicators 
at national 
level 

Points to consider for SEEA AG 



Scale and scope in  

TEEB A&F 



Rice Agro-ecosystems 
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Economic and social systems 
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Broken arrow: Invisible value or cost 

Solid arrow: Visible value 



 

 

Different Management Practices in Rice - 

Philippines 

 
 

1. Conventional (Recommended) Management Practices (CMP/RMP) 

2. System of Rice Intensification (SRI) 

3. Integrated nutrient management (INM) 

4. Integrated weed management (IWM) 

5. Integrated pest management (IPM) 

6. Crop-livestock-fish  

7. Crop - tree integration 

8. Organic Management  

9. Conservation agriculture (CA) 

10. Traditional management practices 

 

Additional practices 

1. Site specific nutrient management (SSNM) 

2. Regular monitoring and informed management 

3. Conservation of traditional knowledge and management practices 

 



Identify and assess ES in rice agriculture - 

Philippines 

  Conventional  

Management 

Practices 

(CMP/RMP) 

System of Rice 

Intensification 

(SRI) 

Integrated 

nutrient 

management 

(INM) 

Integrated 

weed 

management 

(IWM) 

Integrated 

pest 

management 

(IPM) 

Crop-

livestock-

fish 

Crop - tree 

integration

   

  

Organic 

Management 

Conservation 

agriculture 

(CA) 

  

Traditional 

management 

practices 

Provisioning 

services 

                    

Food Rice Rice Rice Rice Rice Rice/fish Rice Rice Rice Rice 

Raw material Rice straw Rice straw Rice straw Rice straw Rice straw Rice 

straw 

Rice 

straw/timb

er 

Rice straw Rice straw Rice straw 

Genetic resources                   Y 

Ornamental 

resources 

                    

Medicinal 

resources 

                    

Regulating 

services 

                    

Gas regulation 

(methane fluxes) 

Y (+/-) Y (+/-) Y (+/-) 
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Climate regulation  Y (+/-) 
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Disturbance 

regulation 

             Y (+/-) 

 

Y (+/-) 

  

    

Water regulation Y (+/-) 
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Y (+/-) 
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Water supply                     

Erosion control and 

sediment retention 

Y Y Y Y Y Y Y Y Y Y 



  Conventional  

Management 

Practices 

(CMP/RMP) 

System of Rice 

Intensification 

(SRI) 

Integrated 

nutrient 

management 

(INM) 

Integrated 

weed 

management 

(IWM) 

Integrated 

pest 

management 

(IPM) 

Crop-

livestock-

fish 

Crop - tree 
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Organic 

Management 

Conservation 

agriculture 

(CA) 

  

Traditional 

manageme

nt practices 

Supporting services                     

Pollination                     

Biological control Y     Y Y      Y Y Y 

Carbon accumulation Y Y Y Y Y Y Y Y Y Y 

Mineralization of plant 

nutrients 

Y Y Y Y Y Y Y Y Y Y 

Soil formation     Y     Y Y  

  

Y Y  Y  

Soil fertility Y Y Y Y Y  Y Y Y Y Y 

Nitrogen fixation     Y       Y Y Y Y 

Services provided by 

shelterbelts 

            Y  Y   Y  

Cultural services                     

Aesthetics Y         Y Y Y   Y 

Recreations           Y Y Y   Y 

Cultural and artistic 

information 

          Y Y     Y 

Spiritual and historic 

information 

                  Y 

Science and 

education information 

Y  Y Y Y Y Y Y Y Y Y 



Rice Agro-ecosystems 
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Economic and social systems 
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Broken arrow: Invisible value or cost 

Solid arrow: Visible value 



Framework linking social, natural and economic capital and their 

interlinkages, underpinned by ecosystem services 

Sandhu 2014 UNEP Report 



Two key messages 

1. Bottom-up approach provides 

more confidence to the ES 

valuation. 

 

2. ES valuation based on 

biophysical data provides 

robust evidence for policy 

options. 



Thank You 

 Join the community working on ES valuation in agro-ecosystems 

• ESP working Group on Agro-ecosystems: http://www.es-partnership.org/esp/81731/5/0/50  

• Blog: harpindersandhu.blogspot.com.au  

• Twitter:@001harpinder 

• Web: http://www.flinders.edu.au/people/harpinder.sandhu  

http://www.es-partnership.org/esp/81731/5/0/50
http://www.es-partnership.org/esp/81731/5/0/50
http://www.es-partnership.org/esp/81731/5/0/50
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