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Background

ÅRequirements for forest monitoring in a developing

country.

ïCOP decisions and UNFCCC reporting
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About estimation (COP15; Copenhagen):

ñDeveloping country Parties are requested é.. to use the most recent 

IPCC guidance and guidelines, as adopted or encouraged by the COP, as 

appropriate as a basis for estimating anthropogenic forest-related GHG 

emissions and removalséò



IPCC Good Practice Guidance

ñDefines inventories consistent with good practice as those which 

contain neither over- nor underestimates so far as can be judged, 

and in which uncertainties are reduced as far as is practicableò

Implications:

1. We should use unbiased estimators

2. We should be capable of estimating and documenting the precision

(variance) of the estimates and produce a confidence interval

3. The estimates should have a high precision

Two ñbutôsò:

ÅWill a REDD+ country be rewarded with higher credits per ton 

carbon for a more precise estimate?

ÅWill a REDD+ country receive credits for non-significant changes 

from reference level?
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Can advanced technologies contribute to higher precision and reduced 

costs for biomass and biomass change estimates in rainforests and 

miombo woodlands of Tanzania?



Airborne LiDAR data over 

large geographical areas
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Why is LiDAR superior to all other remote sensing techniques? 

-No saturation problems (Does not display any asymptotic tendencies in 

biomass estimation for biomass quantities up to >1300 tons/ha)



Airborne LiDAR data
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The ALS forest inventory

8

NMBUs skog

Stående volum

Field data

Laser data

Calculation units



Conventional sample plots 
(e.g. National Forest 
Inventory)



Wall-to-wall inventory 
with laser scanning



Sampling with laser 
scanning



Sampling with laser 
scanning



Examples of sample-based 

LiDAR surveys



Study sites in Tanzania
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ALS acquisition in Tanzania

The ALS contract

ÅProcurement following standard EU regulations (Jan. - Sept. 2011)

Å13 companies pre-qualified (African and European) 

Å3 invited to negotiations (price, technical solution)

ïAll were Scandinavian companies 

ïPrices differed by almost 2X

ÅFinal contract (Liwale): ca 3 M NOK (ca 500 NOK km-1)

ÅFlights in 2012 and 2014.
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ALS sampling in Tanzania
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Distribution of the 32 E-W oriented 1370 m wide ALS flight-lines and the 65 NAFORMA clusters in Liwale.



-~16,000 km 2

-Various forest types
-Some areas subject to rapid 
land conversion

Photos: Endre Hofstad Hansen

Liwale District



Liwale District
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First phase cluster

Second phase cluster

ALS strip

Thus, 99.92% of the ALS data were 

discarded, in the stratified estimation.


