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Abstract The credible measurement, reporting and verification (MRV) is among the most critical elements in
UN-REDD (United Nations programme on Reducing Emissions from Deforestation and forest Degradation in
Developing Countries). This study is intended to explore MRV potential in terms of UN-REDD opportunity cost
estimation using satellite image for Mt. Geum-gang of North Korea. A visual interpretation were conducted to evaluate
MRV conditions by sub-dividing or decomposing the images with different pixel size into a three types of hierarchical tree
structure that helps dealing with spatial variability within each subarea. The permanent record of standard satellite remote
sensing system demonstrated its capability of presenting area-wide visual evidences of MRV conditions in Mt. Geum-
gang (such as the identification of forested area, degradation trends for forest space, three types of hierarchical land-cover
and land use tree structure, carbon density in the landscape). Satellite data could be accepted as legally binding proof
when it comes to REDD opportunity cost estimation since several cases exist where remote sensing has been used as
legal evidence in ICJ (International Court of Justice) and UN resolution. It doesn’t seem very difficult to comply with MRV
requirements for UN-REDD opportunity cost calculation due to the probative value of satellite data. It is anticipated
that this research output could be used as a valuable reference for Korea-based enterprises exploring REDD project
sites and the carbon traders to ensure MRV potentials using satellite image in UN-REDD Opportunity Cost estimation.
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Figure 1. Typical procedures to estimate opportunity
costs of REDD [35]
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Table 1. Criteria of land cover classification from
Tier1 to Tier3 [34]

Cat Divisi
a.egory IV.I sion Section (48 items)
(7 items) (23 items)
Land consolidation
Ri
ice paddy Not land consolidation
Fiel
Field __ field
Aericultural Field on Mountain
ghicuttu Plastic film-house| Plastic film-house
area . .
cultivation cultivation
Orchard Orchard
Etc Landscaping horticulture

Farm

Forest area

Hardwood forest

Natural hardwood-forest

Hardwood-forest

Coniferous forest

Natural coniferous forest

Coniferous forest

Mixed forest

Mixed forest

Grassland Grassland
Golf course Golf course
Grassland Tomb
Etc Roadside tree
Etc
Inland wetland Inland wetland
Wetland Coastal wetland Mud flat
Salt pond
Mine
Mining site Quarry
Etc
Open space Beach
Etc Riverbank
Etc
Water Inland water Sf;i:l

Coastal water

Coastal water
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Table 2. Indicative variables for MRV in estimating the opportunity cost

Cameroon| Bolivia |Cambodia

Forest area

Historical deforestation rate

Estimated deforestation rate

Agricultural areas, Forest area, Grasslands,

Existing land
XIstng ‘and use Marsh, Open space, Water, Etc Category

Rice paddy, Field, Hardwood-forest, Coniferous forest, Mixed forest,
Natural grassland, Etc Division

Natural Hardwood-forest, Hardwood-forest, Natural Coniferous forest,
Coniferous forest, Natural Mixed forest, Mixed forest

Carbon emission factor(Category)

x|O] O | O] O |0O]0O|O

Carbon emission factor(Division)

Calculation of Carbon emission factor(Section)

Ol x

carbon storage & Carbon storage & Carbon absorption (Category)
Carbon price Carbon storage & Carbon absorption (Division)

Carbon storage & Carbon absorption (Section)

X

One ton of carbon price

X

Types of agricultural products

X

Price of agricultural products

Production

Land use cost Cost of production

Carbon trading price

x |O]O|O|O|O|0|x |00 x|O|O] O | O | O |O]0|O

Selling price of timber

O|0]0]0]0O|O|O|O|x |00 *|0|0] O | O | O |O|0|O

0|00 x

X

Timber production cost

O: Yes, and that item available
x: Not applicable
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Figure 2. Landsat TM images of study area
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(a) Date of acquisition: 2005.05.03.

(b) Date of acquisition: 2013.10.04.

Figure 3. IKONOS High resolution satellite image
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Bl OFAe] FEZh Aol R Uehbs AR W 2 o 4 otk dEHoR B8Ele AX 2 B
& UAE T Qe FEACR At FBA @RAE B4 REDD 78] A3A ARE A
o= o, HFA, wiaa, @esddE, S At Ao] A7} ok Aol ElElth. REDDY
Abate gubg 5 oohorgt Aeizk 9 4 ok @4 dojEe ARRAS 2ges e 5 gu
TFAAR =g AR wofsh=d o AE o] Aol A AAFAE ABA ZAE AAE 5
ok ANHO R THAE HRNS BEA S o $UT Wyon RAuc ax e Baz
Table 3. MRV data availability to estimate opportunity cost
Opportunity cost calculation conditions Evaluation
Forest area O
Historical deforestation rate O
Estimated deforestation rate O
existing land use| Agricultural areas, Forest area, Grasslands, Marsh, bare land, Water, Etc Category O
Rice paddies, Field, Hardwood-forest, Coniferous forest, Mixed forest, natural grassland, O
Etc Division
natural Hardwood-forest, Hardwood-forest, natural Coniferous forest, Coniferous forest, o
natural Mixed forest, Mixed forest, Etc Section
Carbon emission factor (Category) O
Carbon emission factor (Division) PAg
Calculation of Carbon emission factor (Section) £
carbon storage & Carbon storage & Carbon absorption (Category) O
Carbon price Carbon storage & Carbon absorption (Division) Yo
Carbon storage & Carbon absorption (Section) %
One ton of carbon price 3
Types of agricultural products ¥
The price of agricultural products ¥
Production PAY
Land use cost Cost of production %
Carbon trading price %
Selling price of timber £
Timber production cost ¥

O: The permanent record of standard satellite remote sensing system demonstrated its capability of presenting

arca-wide visual evidences for the MRV items.

ve: Although, satellite data could be presented as legally binding proof. it is required for investors to get a variety
of data such as international statistics and field survey in their MRV verification.

%: The remote sensing cannot provide the fundamental data for the item, however, it doesn't seem very difficult to
obtain data required for MRV due to probative value of satellite data.
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Table 4. A simulated conversion table for agricultural
product price

exchange rate| US($) |North Korea (W)
products (unit) 1 7,650
soybean (bu*) 14.8638 | 113,708.07
wheat (bu) 6.9012 52,794.18
rice (cwt **) 16.8 128,520
maize (bu) 4.9525 37,886.625

*The bushel (abbreviated bu) is used for volumes of
dry commodities (e.g. grain), most often in agriculture.

**cwt: centum weight (abbreviated cwt) is a unit of
mass defined in terms of the pound (Ib) and commonly
used in the sale of some cereal grain.
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