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Production, management, 
restoration, collaboration 



• Conception/management – meetings 
• Administration – regulation, dispute resolution, reporting, 

accounting, benefit sharing 
• Training 

Cost-Time 



• Legal/admin fees 
• Survey costs – baseline carbon, 

timber and NTFP’s 
• Forest maintenance/ management 

– paid labour or voluntary?  
• Particularly FIRE PREVENTION 

Cost-Financial 



Production Value Foregone 

1.94 $ per Kg 



Production Value Foregone 

S. Thailand – current income from oil palm 
about 600 US$/ha/y from 7 to 15 years after 
plantation establishment.  

951.25$ per metric ton 



Restoration cost 

Measures the density and species 
richness of natural regeneration 
and identifies factors impeding its 
progress 

• Pre-planting rapid site assessment 

• Collaborative Costing 



Restoration cost 

• Pre-planting survey 
• Site preparation 
• Tree planting 
• Weeding/fertilizer 
• Monitoring for two years 
• Fire prevention for two years 
• Livestock exclusion  
• Reporting / accounting 

The cost of forest restoration 
depend in location 
1. The degree of degradation 
2. Distance to restoration site 
3. Local daily labor rate (9.5$ per 

day in Chiang Mai) 



Restoration cost 

Example 

Local cost parameter THB 
1. Survey, estimated no. of existing natural regenerant per ha         1000 per ha 
    Therefore, the recommended number of tree to plant is               2086 per ha 
2. Distance from nursery to restoration site & return                                   30 km 
    Distance from homebase to restoration site & return                              30 km 
    Current price of liter of fuel                                                                      35 THB 
    Enter the average fuel efficiency of vehicles to be used in km/liter       12 km/l 
3. Daily labor rate                                                                                      346 THB 
    Salary of project staff/supervisor         18,000 THB 
    Total area to be restored                20    ha 
    Enter the annual inflation rate (forecast for next 2 years)             3% /y 

??? 



Restoration cost =170,569 THB 



1.29 US$/TREE 

0.58 US$/TREE 

Restoration cost 

• Daily labour 10 us$/day 
• Site survey and 

planning 
• Trees and planting 
• Weeding and fertilizer 

application for 2 years + 
fire prevention. 



Benefits 

• Products 
• Water services 
• Carbon sinks 
• Biodiversity conservation 
• Opportunities for ecotourism 



Non-Timber Forest Product (NTFP) 

Compared with NATURAL RUBBER 
13.1 billion US$ (2018)   
-22.1% drop in value since 2014 when natural rubber 
shipments were worth $16.8 billion. Year over year, exported 
natural rubber depreciated by -19.9% from 2017 to 2018 

At least 150 different forest products, including 
rattan, bamboo, nuts, essential oils and 
pharmaceuticals, traded internationally, contribute 
about US$ 4.7 billion/year to the global economy.  



But NTFP trade requires   

• Sustainable management, by 
monitoring and research 

• Appropriate land tenure, taxation and 
legislative systems 

• Access to global markets – promotion 
advertising 

• Integration of traditional knowledge 
into NTFP research and management 

Non-Timber Forest Product (NTFP) 



• Some forest-dwelling people depend 
on forest products for subsistence – 
but the numbers are probably 
declining.  

• More often, gathering or selling such 
products provides a safety net for the 
rural poor when times are bad 

Non-Timber Forest Product (NTFP) 

Value is quantified as “replacement” costs 



• Measure standing crop and growth rate 
• Annual harvest must be < annual 

production 
• Calculate quotas 
• Issue permits 
• Record total harvest (weight)  and 

harvest “effort” (usually time). 
• Enforcement – dealing with 

transgressors 
• Cost of administration >  income from 

product? 

Achieving Sustainable Harvesting 



• Trend is often towards domestication – 
which can provide an incentive to 
deforest 

• Exception – mycorrhizal fungi which 
grow associated with forest trees 

Achieving Sustainable Harvesting 

Danger in relying on NTFP’s as 
forest “value” 



Subsistence products 

GDP 

Traded products 
Replacement products 

GDP rise 
=> economic growth 

GDP rise 
=> Recession 

Sell logs Pay wages 

But are we 
really richer? 



Productive forest Degraded forest 

NTFP’s 
Water 

Carbon storage 
Biodiversity 

Few usable products 
Soil erosion 

Global warming 
Species loss 



What about local people? 

GDP rises but they are poorer 

GDP rise 



• Forest destruction always results in net economic loss at the 
national and local levels. 

• By measuring prosperity by GDP, we don’t value all the 
benefits of forests. 

• So should governments invest in forest restoration? 

https://www.xinhuathai.com/china/147021_20201020 



Watershed Services 

• Deforestation increases water yield, but outflow 
becomes more seasonal.  

• Tropical forests add enormous quantities of organic 
matter to soils, which increases their field capacity  

• Such soils soak up water during the rainy season 
(reducing floods)  and release it gradually during the 
dry season (reducing droughts).  



Watershed Services 

• Deforestation exposes the soil to erosion and compaction. 
Absorptive top soil is rapidly lost. Infiltration is reduced and 
runoff increases, resulting in flash floods & landslides 





Watershed Services 

Flow is lower but more 
constant in all seasons. 

Sedimentation low. 

Flow is higher in rainy season. 
High sedimentation begins to 
reduce river channel volume.  



Increased runoff + reduced river channel volume 
 = Flash floods 



Thailand Floods 2011: 
815 deaths and 42 
billion US$ damage to 
infrastructure and 
industry. The 7th 
costliest disaster in 
human history. 



How to monetarize watershed services? 

https://www.researchgate.net/publication/40110859_Pay_-_Establishing_Payments_for_Watershed_Services 

1. Linking land and water use to downstream benefits 
2. Valuation of watershed services 







Carbon sink 

Tropical forests absorb more CO2 than they emit about 1.3 
gigatonnes* of carbon (GtC) per year (Lewis et al., 2009) 

Lewis, L. S., et al., 2009. Increasing carbon storage in intact African tropical forests. Nature, 457: 1003-1007 

= 16.6% of carbon emissions 
from burning fossil fuels and 
the cement industry 
 
= 60% of the sink provided 
by all of the terrestrial 
vegetation on Earth. 



Carbon sink 

“ … natural forests are 6 times better than agroforestry and 40 times better tan 
plantations at storing carbon (sequestering 12, 1.9 and 0.3 Pg C per 100 Mha by 
2100, respectively).”  

Lewis, L, C. Wheeler, E. Mitchard & A. Koch, 2019. Restoring natural forests is the best way to remove atmospheric carbon. Nature 568: 25-28  



Carbon sink 



Carbon sink 

• Tropical forests store about 240 tC/ha in trees/soil. 
• Crop lands - 80 tC/ha mostly in soil.  
• Clearing 1 ha of tropical forest emits about 160 tC & also 

reduces subsequent sequestration rate.  
• Agriculture also releases methane, which is 20 times more 

efficient at trapping heat than CO2 is. 

240 tC/ha  80 tC/ha  



How to monetarize carbon – carbon credits 





Type of Carbon Credits 

• Compliance credits (CER’s) – governments and corporations 
legally obliged to buy credits to meet targets set by national 
laws. 

• Voluntary Credits (CCX’s or CRT’s) – individuals or 
organizations taking responsibility for their own carbon 
footprints. 



Type of Carbon Credits 
http://www.climatechange.lk/DNA/carbon_market.html 



Carbon credits are traded on international markets. Prices 
fluctuate a lot! But unlike rubber and palm oil, the recent trend is 
UP.   



Restoration by framework species method: carbon in trees goes 
back to normal levels in about 16 years 



• Using The framework species method, profits from carbon 
sequestration over 14 years ranged in NPV from 22,215.45 
to 25,157.04 US$/ha. 

 
• Profits from maize cultivation (a major regional 

deforestation driver) averaged just 1,347.53 US$/ha over 
14 years, 

Jantawong, et al. 2022. Financial Analysis of Potential Carbon Value over 14 Years of Forest Restoration by the Framework Species Method. Forests 
2022, 13, 144. https://doi.org/10.3390/f13020144 



REDD policy 

Policies and incentives under the UN Framework Convention 
on Climate Change to reduce CO2 emissions from 
clearing/burning forests. 

REDD =  Reducing Emissions from Deforestation &  
 Degradation 
  

It is paying people NOT to cut or burn forests but People who 
had no intention of clearing forest, may start deforestation to 
get payments. 



REDD policy 

“…enhancement of carbon stocks …” COP15 2009 4CP/15. 

REDD to REDD++ 

• Include forest restoration to absorb CO2 by tree planting or 
assisting natural regeneration 

• Include “full and effective engagement of indigenous people 
and local communities …” 

• Include “… consistent with conservation of natural forests 
and biodiversity …” 



Biodiversity 

• Pollinators support agriculture 

Biodiversity NTFP diversity economic adaptability security 



Biodiversity 

• Wildlife tourism 
• 1-day Bird Tour Khao Yai: 66 – 237 US$/day  

http://www.wildbirdeco.net/photo-review/birding-tour/item/431-bird-watching-in-khao-yai-np-thailand.html 



[CATEGORY 
NAME], [VALUE] 

CLIMATE 
MITIGATION, 

[VALUE] 

GENETIC 
RESOURCES, 483 

RAW 
MATERIALS, 431 

TOURISM, 381 

AIR QUALITY, 230 

[CATEGORY 
NAME], [VALUE] FOODS, 75 

Potential value  of ecosystem 
products/services from 1 ha of 
tropical forest (US$/y)  

S. Thailand – current income from 
oil palm about 600 US$/ha/y 

TOTAL = 6,120 US$/ha/y 

The Economics of Ecosystems and Biodiversity (TEEB) study. www.teebweb.org 

DIVERSITY REDUCES RISK  

Thank you for your attention. 
Please also visit forru.org 


