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Introduction to the Report

This report was prepared in four main sections with the lead of each section identified: 

· Section A—Carbon Projections and Financial Analyses (led by Henry Phillips)

· Section B—Plan for Measuring and Monitoring Carbon (led by Sandra Brown)

Each section is presented in order with all references and Appendices at the end of the report.
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A. Carbon Projections and Financial Analyses

1. Project Description

The project concerns the afforestation of degraded agricultural lands in the south-west and south-east of the Romanian Plain and the ecological reconstruction of part of the Lower Danube floodplain (Braila and Olt Counties) through the planting of native species. Species selection is based on local site conditions and management objectives (fertility, soil stabilization, ecological reconstruction). The main species for degraded lands is Robinia (Robinia pseudoaccacia), a naturalized species which has been planted extensively in Romania over the past century. Where site conditions permit, oak and other broadleaf tree and shrub species will be planted. On the Lower Danube Floodplain native Poplars (Populus alba and Populus nigra) will be planted with some native Willow (Salix spp). 

The total afforestation area included in the project is 6,728 hectares (net of roads and buildings etc.) and is spread across seven counties (Table 1). The total area is less than that envisaged in the Project Concept Note (PCN), due to the exclusion of some reed (Phragmites spp) areas in the floodplain. The species proportion shows a greater percentage of Oak and other broadleaved species.

Table 1: Planned Afforestation by County and Tree Species (Hectares)

	County
	Species
	Total Area

	
	Robinia
	Poplar / Willow
	Oak + Other Broadleaves
	

	Braila
	195
	2,011
	42
	2,248

	Dolj
	2,100
	0
	0
	2,100

	Galati
	192
	0
	0
	192

	Mehedinti
	40
	10
	100
	150

	Olt
	330
	700
	0
	1,030

	Tulcea
	338
	0
	400
	738

	Vaslui
	234
	6
	30
	270

	Totals
	3,429
	2,727
	572
	6,728


Apart from 1,700 hectares on the small Island of Braila, which belong to the National Forest Administration (NFA) and are currently being planted, all lands are under the stewardship of the State Domain Agency (SDA) and are in the process of being transferred to the NFA. The transfer will take place on the basis of a Government decision expected in May/June of this year.

The project conforms with overall State forest policy and strategy which identifies degraded agricultural lands for afforestation. There is an estimated 3 million hectares of degraded agricultural lands in Romania.

The project’s degraded lands have been worked intensively for agriculture since the early seventies, co-inciding with the extension of the drainage of the river Danube. Initially these lands produced a range of crops including cereals, vegetables, fruits and grapes. Through excessive working and lack of investment in irrigation infrastructure and maintenance, the lands have become degraded and subject to erosion and are now uneconomic for crop production and are either used mainly for pasture or abandoned (Table 2).

Table 2: Current Land Use and Soil Type (Hectares)

	County
	Land Use
	Soil Type

	
	Pasture
	Arable
	Orchard/

Vines
	Unused

/ Other
	Sandy
	Alluvial
	Cernozem

	Vaslui
	270
	0
	0
	0
	154
	0
	116

	Mehedenti
	118
	7
	0
	25
	35
	0
	115

	Galati
	0
	0
	0
	192
	192
	0
	0

	Tulcea
	270
	0
	0
	468
	304
	0
	434

	Olt
	434
	596
	0
	0
	513
	517
	0

	Dolj
	236
	1,592
	240
	32
	2,100
	0
	0

	Braila
	0
	237
	0
	2,011
	180
	2,011
	57

	Totals
	1,328
	2,432
	240
	2,728
	3,478
	2,528
	722


The afforestation is planned to take place over a four-year period (2002-2005) and the species and potential productivity class
 reflect the inherent low fertility status of the soils (Table 3).

Table 3: Planned Afforestation by Year and Site Productivity Class (Hectares)

	Species
	Year
	Total

	
	2002
	2003
	2004
	2005
	

	Poplar/Willow

 - Class III
	800

800
	700

700
	700

700
	527

527
	2,727

2,727

	Robinia

 - Class III

 - Class IV

 - Class V
	1,200

732

368

100
	1,000

1000

0

0
	1,000

179

354

467
	229

0

0

229
	3,429

1,911

722

796

	Oak / OB

 - IV

 - V
	0

0

0
	0

0

0
	0

0

0
	572

142

430
	572

142

430

	Totals
	2,000
	1,700
	1,700
	1,328
	6,728


2. Projected Carbon Benefits

2.1 General

Carbon sequestration was modeled using CO2FIX V2.0, a computer simulation program.  The CO2FIX V 2.0 software was developed by the CASFOR project by G.J. Nabuurs, J.F. Garza-Caligaris, M. Kanninen, T. Karjalainen, T. Lapvetelainen, J. Liski, O. Masera, G.M.J. Mohren, A. Pussinen, and M.J. Schelhaas of ALTERRA, UNAM, CATIE and EFI. CO2FIX V 2.0 is a carbon bookkeeping model that simulates stocks and fluxes of carbon in (the trees of) a forest ecosystem, the soil, and (in case of a managed forest), the wood products. It simulates these stocks and fluxes on a hectare scale with time intervals of one year. 

The model consists of five modules:-

· General Parameters

· Biomass

· Soil

· Wood Products

· Output

All modules, apart from Output, require input of initial parameters.  

2.2 CO2FIX Parameterisation

Six species models (Robinia III, Robinia IV, Robinia V, Poplar III, Oak IV and Oak V) were developed to represent the six species strata. Other broadleaves were assumed to equivalent to Oak of similar production class. Willow was assumed to be equivalent to Poplar as it has similar volume growth pattern and current annual increment curve. Parameters were input for each of the six species strata based on a combination of (a) planned future crop management (harvesting, rotation etc.), (b) Romanian data (yield tables, wood density, volume assortments) and (c) comparison with parameters used by other users of CO2FIX V 2.0. A complete analysis is provided in Appendix I. 

Wood Density: Wood density samples for Robinia aged 4 and 12 were taken and analyzed by the National Wood Institute (NWI), Bucharest. The results indicated a density of 0.710 at age 4 and a density of 0.730 (heartwood) and 0.800 (sapwood) at age 12. The value of 0.800 was unusual but possibly due to a high percentage of silicates in the sapwood. Based on these samples, the standard value
 for Romania of 0.727 was used. Wood density samples, also analyzed by the NWI, for Oak (Quercus peduncliflora – 0.696), Poplar and minor species (Tilia cordata – 0.427, Pyrus pirates – 0.749) confirmed the values used in the PCN.

Thinning – Harvesting: Percentage volume removal values based on normal management practice were used. The apportionment between logwood, pulpwood, branches and slash was based on a combination of (a) yield table diameters and (b) product assortments under Romanian conditions.

Stems + Branches: Stem current volume increment (CAI) values and the apportionment between stem and branch volume was based on Romanian yield tables
.

Roots + Foliage: Biomass growth relative to stem volume was used to estimate roots and foliage growth. Values for relative growth were based on a combination of (a) Romanian data and (b) comparison with other species models provided by CO2FIX V2.0 (see Appendix I).

Production Line: The apportionment between sawnwood, boards and pulp/paper was based on current practice and experience in Romania.

End Products: Product allocation and “End of Life” values used were based on best estimates for Romanian conditions and practice. Relatively low values for product recycling were input reflecting Romanian conditions. However, product carbon was not included in total carbon sequestered in the financial analysis. This is in line with preliminary recommendations from the Intergovernmental Panel on Climate Change (IPCC). Furthermore, to include carbon in products would require would require an estimate of leakage due to replacement of old products by new products and such information is not available. Thus values for product carbon are included for illustrative purposes only.

Recycling Lifespan: Values used were typical of those used elsewhere for hardwood species like Oak and Robinia.

2.3 Results of Simulations with CO2Fix

The CO2Fix model was run for a period of 100 years, to co-incide with the rotation age for the Oak. The end of project (year 30) carbon values are shown in Tables 4 -5. The values are gross and are not corrected for identified risk. For a detailed breakdown by species over time, refer to Appendix IV.

Table 4: Total Carbon at Year 30 (Tonnes)

	
	Robinia
	Poplar
	Oak + OB
	Total

	
	III
	IV
	V
	III
	IV
	V
	

	Stems
	78,163
	13,186
	11,580
	121,824
	2,008
	3,135
	229,896

	Foliage
	6,630
	1,253
	1,250
	2,295
	71
	125
	11,624

	Branches
	14,118
	3,377
	2,923
	8,789
	960
	1,509
	31,676

	Roots
	18,326
	3,204
	2,780
	29,970
	829
	1,312
	56,421

	Litter
	32,855
	8,981
	2,256
	29,838
	413
	641
	74,984

	Soil
	22,668
	5,241
	2,430
	34,444
	605
	933
	66,321

	Totals
	172,760
	35,242
	23,219
	227,160
	4,886
	7,655
	470,922

	
	
	
	
	
	
	
	

	Products
	58,750
	18,071
	2,420
	0
	4
	4
	79,249


The exclusion of carbon in products, while significant over the project life, has only a minor impact (3,318 tonnes) over the proposed purchase period.

Table 5: Average Carbon per Hectare at Year 30 (Tonnes)

	
	Robinia
	Poplar
	Oak + OB
	Mean

	
	III
	IV
	V
	III
	IV
	V
	

	Stems
	40.9
	18.3
	14.5
	44.7
	14.1
	7.3
	34.2

	Foliage
	3.5
	1.7
	1.6
	0.8
	0.5
	0.3
	1.7

	Branches
	7.4
	4.7
	3.7
	3.2
	6.8
	3.5
	4.7

	Roots
	9.6
	4.4
	3.5
	11.0
	5.8
	3.1
	8.4

	Litter
	17.2
	12.4
	2.8
	10.9
	2.9
	1.5
	11.1

	Soil
	11.9
	7.3
	3.1
	12.6
	4.3
	2.2
	9.9

	Total
	90.5
	48.8
	29.2
	83.2
	34.4
	17.9
	70.0

	
	
	
	
	
	
	
	

	Products
	30.7
	25.0
	3.0
	0.0
	0.0
	0.0
	11.8


The Robinia due to its more extensive planting and significantly higher wood density is the major contributor to total carbon sequestered. The Poplar, even though it is not harvested, contributes less due to its lower average wood density. Oak due to a combination of relatively small area planted, low site productivity and slow early growth is only a minor contributor to total carbon.

Figure 1: Total carbon sequestered over project life.  Mg/C = tonnes of carbon.
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Figure 2: Robinia Site Class III- total carbon sequestered over project life (Mg/C= tonnes of carbon)

[image: image4.wmf]
Figure 3: Poplar Site Class III- total carbon sequestered over project life (Mg/C = tonnes of carbon
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3. Additionality

The NFA has afforested 345 hectares annually over the past ten years (Table 6). Project eligibility requirements for Joint Implementation (Article 6 Kyoto Protocol) includes that projects show additionality. Thus the eligible area for afforestation projects is that area over and above what has normally been afforested during the period 1991 to date. 

Table 6: NFA Afforestation and Reforestation (Ha)

	Year
	Reforestation
	Afforestation

	1991
	15,163
	400

	1992
	12,243
	127

	1993
	10,170
	128

	1994
	13,563
	302

	1995
	12,315
	334

	1996
	11,541
	389

	1997
	10,209
	144

	1998
	10,416
	154

	1999
	11,446
	708

	2000
	12,382
	766

	Mean
	11,945
	345


Two issues arise. Firstly, would the NFA afforest the project areas as part of their “normal” afforestation and, if so, should the average area afforested be deducted from the total project area? Secondly, does the project area represent the total area planned for afforestation by the NFA?

The project area can be divided into two quite separate components – (i) degraded agricultural lands and (ii) the Lower Danube Floodplain. The degraded lands have very poor site productivity (Table 3) and in the absence of carbon credits are incapable of yielding anything like an economic return. The overall Internal Rate of Return (IRR) in the absence of carbon credits is 2.04%. With carbon credits, the IRR increases to 3.86% for the overall project (components (i) and (ii)).

Hurdle discount rates have been developed for use in forestry investment decision making and represent the minimum IRR (%) required to undertake the investment. The rates vary depending on ownership category (state, private), perceived risk and alternative opportunities for investment but are within the range of 2.5 to 7% for State forestry (Phillips 2002). 

The project IRR without carbon is lower than minimum hurdle rates and thus would not normally be considered for investment. The with carbon IRR shows a return which some other State forestry organizations might consider worthwhile but even so the return is low. Thus it is reasonable to conclude that the project areas would not be afforested in the absence of carbon credits.

The afforestation of the Lower Danube Floodplain represents a special case—it  is ecological restoration.  No harvesting will take place and consequently no timber revenues will ensue. Thus this area could not be considered as part of the normal afforestation undertaken by the NFA since 1991. It is only possible to afforest these areas under the project and the inclusion of carbon credits.

Thus considering the economics of the project, the area would not normally be planted under commercial criteria.

The NFA will take over in addition to the project area, some 1,700 hectares in the counties of Arad, Sibiu and Botosani. These lands will transfer to the NFA at the same time as the project area. Site productivity in these areas is significantly higher, especially in Arad and Sibiu which total 1,500 hectares. The NFA plans to afforest these areas over the coming years but the immediate priority is the afforestation of the project areas. 

The total project area can be considered as eligible under the additionality criterion both from an economic and technical viewpoint.

4. Financial Analyses for Carbon Sequestration

The Terms of Reference (ToR) for the Baseline Study foresaw two alternatives for the financial analysis. The first was a full economic analysis to determine the IRR and to rank alternative land use options. Such an analysis requires valuing Project externalities such as (a) avoided soil carbon losses on afforested lands, (b) positive impact on agricultural yields on adjoining lands. The second alternative was for a financial analysis, excluding project externalities. As (i) it was not possible to value project externalities and (ii) the NFA is operating as a private (commercial) investor within the context of the project, a standard forest financial analysis was used. Notwithstanding the above, a detailed financial appraisal was undertaken for the project. The basic underlying assumptions used included:-

Project Period: Thirty years.

Costs: Average planned NFA costs as outlined in the PCN. These costs were validated and an annual maintenance cost after establishment included. No real increase in costs over the project period was assumed.

Timber Revenues: Timber prices were based on those given in the PCN. Prices for Robinia and Oak were validated by comparing with NFA reference prices. A price size curve (PSC
) was developed for Robinia and Oak. Sensitivity analysis showed that there was only minimal differences in Net Present Value (NPV) and IRR values between the original PCN prices and the PSC. The original PCN prices were used with some small changes but the overall impact was less than 0.1% in IRR. 

A salvage value for Poplar and Oak was input for year 30. The use of a salvage value for Poplar and especially for Oak underestimates their full financial return as the crops are felled prematurely. This is especially the case for Oak, which is “felled” at age 30 when its value increment is still increasing. 

No real increase in timber prices is assumed. This may be conservative, as Romanian prices have not as yet reached parity with European prices.

Timber Volumes: Romanian yield table data was used for all species and productivity classes. Total crop standing volumes were adjusted to take account of thinning volumes removed.

Volume Correction Factor: A 10% volume correction factor was used to allow for unstocked areas, tracks / roads, power lines, mortality etc. The project areas included in Tables 1-3 are net of any existing roads.

Carbon Revenues: A carbon price of $12.83/tonne of carbon, as provisionally agreed between the PCF and the NFA, for the first twelve years and thereafter $14 per tonne of carbon. 

The cashflow for the basic scenario is shown in Table 7. The project is like any other afforestation project, front loaded in terms of costs.

Table 7: Project Cashflow and Net Discounted Revenues (NDR) @ 5%  (US$)
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Estimated Increase in Inputs (%)

Description

Unit Cost (Lei)

Units

Cost $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Labour

75,000

            

 

119

269

        

 

10

15

20

30

Machines

1,040,000

        

 

10

314

        

 

10

15

20

25

Materials

14,400,000

      

 

1

434

        

 

10

15

20

30

Land

1,650,000

        

 

1

50

          

 

5

8

10

15

Other

3,500,000

        

 

1

106

        

 

5

8

10

15

Total

1,173

     

 

Estimated Decrease in Yields (%)

Description

Yield (t)

Price

Value $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Grapes

6

                     

 

4,000,000

     

 

724

        

 

5

10

          

 

30

          

 

50

          

 


IRR
2.04%




3.86%

Net discounted revenue (NDR) represents the surplus of discounted revenues over discounted costs. It is negative when costs outweigh revenues. NDR represents profit or return from an investment, at a given discount rate and is a measure of a project’s desirability. Projects with equal time horizons (project life) can be compared and ranked on the basis of their respective NDR values.

Timber revenues from thinnings occur relatively early in the Robinia crops but only become significant in terms of economic impact at age 20. The greatest proportion of timber revenues occur at year 30 when all crops are felled. Carbon revenues show a steady increase for the first thirteen years and then decline as volumes are removed and current annual increment (CAI) values begin to fall in the Robinia and Poplar crops.

The project yields a without-carbon IRR of 2.04% equivalent to an NPV of -$732/ha at 5% discount rate and a with-carbon IRR of 3.86% equivalent to an NPV of -$272 /ha. Estimated IRR values without carbon for pure Robinia stands are 6.1%, 4.3% and 1.5% for site classes II-IV respectively. Site Class V does not yield an IRR as costs are greater than potential revenues. Due to the scattered nature of Robinia III sites, (i) assumed economies of scale (implied in the financial analysis) would not operate, (ii) the necessary logistics in terms of labor, machinery and materials would be more costly, and (iii) attractiveness for sale and harvesting would be reduced with consequent timber price impact. 

Despite the relatively unattractive IRR values for the with carbon scenario, it is worth noting that Douglas Fir (Pseudotsuga menziesii) in Scotland generates an IRR of 2.82% (Bell Ingram Rural, 1998) and that plantations in Japan have an estimated IRR of 0.9% (Eastin et al, 2001). In an extensive world review of plantation and managed forests, Neilson and Manners (1997) show an IRR of 3.22% for Birch (Betula spp)in Finland, 3.18% for Sitka spruce (Picea sitchensis) in Scotland, 2.99% for Scots pine (Pinus sylvestris) in Sweden and 3.88% for Douglas Fir in Canada (British Columbia). Notwithstanding this, private investment e.g. pension funds, would require a minimum IRR of 6% before investment in commercial plantations (Phillips 2002).  Further, in countries with economies in transition where risks are perceived to be higher, private investments generally require a higher IRR to invest in plantations (P. Moura Costa, Ecosecurities Ltd., 2002, pers. comm.).

The significant drop in IRR compared with the PCN report is due to a combination of (a) a greater area of Poplar which only has a salvage value, (b) smaller area of Robinia III which even without carbon has an IRR of 4.3%, (c) a greater area of Robinia IV and , (d) a greater area of Oak V and (e) a delayed planting profile. If a similar ratio of species and site class to the PCN was used, then the IRR would increase to 4.96% with and 3.03% without carbon. The PCN overestimated project returns due to (a) double counting of thinning revenues for Robinia and (b) assuming (incorrectly) that all harvested volumes, in the absence of parameterisation of end products, went to firewood when in fact the model assumed that they were felled ‘in situ’ resulting in an overestimate of litter and soil carbon.

4.1 Non Timber Benefits

In addition to timber and carbon revenues, the project will contribute significantly to non-timber forest products (NTFP) in terms of soil stabilization and potential honey production. Robinia is a prolific flowering species and highly prized for honey production. Even though reported yields in Hungary are as high as 100kg per hectare, yields of 20-25 kg per hectare after age 6 would be more realistic and prudent. The NFA does not charge beekeepers for placing hives under crops.

The project will also contribute significantly to local employment during the first four years and sporadically thereafter in line with planned harvesting (see section C on socio-economic monitoring).

Based on field visits to the project sites, erosion will continue at an increased pace in the absence of forest crops. It is not possible to estimate the economic impact of this soil stabilization on either the project area or the adjoining agricultural lands.

4.2 Sensitivity Analysis

Costs

The project is sensitive to costs due to the front loading of costs so typical in afforestation projects. Any real cost saving will impact positively on the IRR for both the with and without carbon scenarios. The risk associated with any cost increase is borne fully by the NFA and not by the project.

Table 8: Impact of Cost on IRR

	
	IRR (%)

	Increase / Decrease
	Without Carbon
	With Carbon

	-10%
	2.45
	4.40

	-5%
	2.23
	4.12

	+10%
	1.65
	3.38

	+5%
	1.85
	3.61

	Base Scenario
	2.04
	3.86


Timber price

The project is sensitive to timber price but the impact is less important than for costs. This is due to the timing of timber revenues which occur later during the project life with the greatest proportion of timber revenue occurring in the final year of the project. 

Table 9: Impact of Timber Price on IRR

	Increase / Decrease
	IRR (%)

	
	Without Carbon
	With Carbon

	+10%
	2.41
	4.16

	+5%
	2.22
	4.01

	-10%
	1.64
	3.57

	-5%
	1.84
	3.69

	Base Scenario
	2.04
	3.86


Carbon price

The project is less sensitive to changes in carbon price than to equivalent changes in timber revenues. This is due to the greater proportion of overall revenues attributable to timber and the fact that carbon in products is excluded..

Table 10: Impact of Carbon Price for First 12 Years of Project Life on IRR

	Carbon Price ($/Tonne)
	IRR (%)

	
	Without Carbon
	With Carbon

	10
	2.04
	3.70

	11
	2.04
	3.78

	12
	2.04
	3.85

	13
	2.04
	3.92

	14
	2.04
	4.00

	15
	2.04
	4.07

	16
	2.04
	4.15


Volume correction factor

The project IRR is sensitive to any change in the volume correction factor (Table 11). This is due to the impact this assumption has on both timber revenues and total carbon sequestered. The impact would be greater for the with carbon scenario if carbon in products were included

Table 11: Impact of Volume Correction Factor on IRR 

	Volume Correction (%)
	IRR (%)

	
	Without Carbon
	With Carbon

	9
	2.08
	3.91

	8
	2.12
	3.97

	7
	2.17
	4.02

	6
	2.21
	4.08

	5
	2.25
	4.13

	Base Scenario
	2.04
	3.86


5. Financial Analyses for Alternative Land Uses

Current use of the lands identified for the project include pasture, grain and fruit crops and abandonment (Table 2) and is based on site visits to all of the project areas. A series of alternative land uses were developed for the degraded arable lands together with costs and revenues over the project period. The alternative land uses selected represent the standard range of crops grown on the sites prior to the transfer to the NFA and were chosen based on discussions with the Central Research Station for Agricultural Crops on Sands. They are:-

· Maize;

· Winter Wheat;

· Water Melon;

· Vines;

· Orchard (Peach); and

· Pasture.

The more demanding crops are cultivated on the less degraded the soils which working irrigation facilities. The uses chosen represent a continuation of the “status quo”, although it is likely that in the absence of the project, due to poor yields and high input costs, more and more of the lands will be either abandoned or used for grazing over time. Current and anticipated future yields and resource inputs for crops on the project lands were provided by the Central Research Station for Agricultural Crops on Sands. Pasture use is not equivalent to sporadic grazing mentioned elsewhere in this report. Pasture represents organized grazing on selected areas with animal flocks shepherded and moved from site to site.

A summary of the results is shown in Table 12 and further details including costs and revenue assumptions over time are provided in Appendix II. 

Table 12: NPV ($/ha) for Range of Land Uses

	Land Use
	Assumption
	NPV/ha @5%

	
	Yield Decrease
	Inputs Increase
	

	Maize
	Yes
	Yes
	-3,157

	Winter Wheat
	Yes
	Yes
	-4,578

	Melon
	Yes
	Yes
	-4,994

	Vines
	Yes
	Yes
	-12,400

	Orchard
	Yes
	Yes
	-12,944

	Pasture
	Yes
	No
	-319

	Project - Carbon
	No
	No
	-732

	Project + Carbon
	No
	No
	-287


Due to the negative cash balance from year 1-30 inclusive, it is not possible to calculate equivalent IRR values for the alternative land uses in Table 12. 

The best land use is the project with carbon, followed by pasture (sheep) and the project without carbon. However, there is an added risk with use as pasture, namely continued erosion, especially with sheep grazing. It is no possible to quantify the impact of pasture on erosion over the project life but the likelihood is that erosion would accelerate and impact on adjoining lands used for agriculture.

5.1 Sensitivity Analysis

The impact of changes in yield, input costs and price for a range of scenarios was tested. The NPV of all land use alternatives is less than the project with carbon and only better than the project without carbon for water melon production under the most optimistic and unlikely scenario (Table 13). 

Table 13: Sensitivity Analysis for Land Use Alternatives
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Winter Wheat

Estimated Increase in Inputs (%)

Description

Unit Cost

Units

Cost $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Labour

125,000

          

 

6

23

          

 

6

10

15

17

Machines

2,500,000

        

 

2

151

        

 

7

10

15

17

Materials

4,700,000

        

 

1

142

        

 

3

5

8

10

Land

2,000,000

        

 

1

60

          

 

2

3

5

8

Other

1,000,000

        

 

1

30

          

 

2

2

4

7

Total

406

       

 

Estimated Decrease in Yields (%)

Description

Yield (kg)

Price

Value $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Wheat

2,000

              

 

2,800

              

 

169

        

 

6

10

          

 

15

          

 

20

          

 


6. Financial Capacity

The Prototype Carbon Fund (PCF) has requested that the NFA provide it with a multi-year financial commitment relating to the investment needed to implement the project. This is standard practice for World Bank projects. Accordingly, an analysis of the financial capacity of the NFA to implement the project was included in the ToR. This project is however inherently different from normal bank projects in that it does not require any bank financing and is more like a purchase agreement. 

Under Article 63 of the Forest Code (Law No. 26/24 April 1996), the NFA are obliged to maintain an interest bearing Forest Regeneration and Conservation Fund. The fund is financed mainly through a 20% levy on timber sales (standing and secondary products). The Forest Code states that this fund is to be used solely for (a) afforestation, (b) reforestation, (c) special protection functions and (d) to cover the cost of natural calamities. The value of the fund is shown in the balance sheet of the audited accounts
 of the NFA. The fund represents the main but not necessarily the only source of finance for the afforestation planned under the project. Other funding is possible from State subvention or from within NFA resources but has been excluded from this analysis.
The value of the fund has increased over time from $6.79 million on 31/12/1999 to $16.85 million at the end of 2001.

Table 14: Estimation of Reforestation Costs
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Water Melon

Estimated Increase in Inputs (%)

Description

Unit Cost

Units

Cost $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Labour

150,000

          

 

80

362

        

 

5

10

15

20

Machines

1,250,000

        

 

4

151

        

 

5

10

15

20

Materials

12,000,000

      

 

1

362

        

 

10

15

20

25

Land

2,000,000

        

 

1

60

          

 

5

8

10

10

Other

3,000,000

        

 

1

90

          

 

3

5

5

10

Total

1,026

     

 

Estimated Decrease in Yields (%)

Description

Yield (t)

Price

Value $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Melon

15

                   

 

2,000,000

     

 

905

        

 

5

8

            

 

10

          

 

15

          

 

Note: 1-6 denotes NFA’s standard species groups for regeneration. 6 = Willow; 5 = Poplar; 4 = Robinia etc 

To estimate whether the fund is sufficient to finance the project, (a) the average cost of reforestation (Table 14) was estimated as $1,802/ha and (b) scenarios for level of reforestation (13-14,000 ha), average timber price ($11-14/m3), harvesting volumes (11-13 million m3) and estimates for other costs (17.5-25%) covered by the fund were developed. These were input to an Excel spreadsheet (Table 15) and evaluated for all possible combination of scenarios (Appendix III).

Table 15: Pro Forma for Regeneration Fund Year End Balance Calculation
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Peach Orchard

Estimated Increase in Inputs (%)

Description

Unit Cost

Units

Cost $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Labour

150,000

          

 

80

362

        

 

5

10

16

20

Machines

678,000

          

 

7

143

        

 

6

12

17

20

Materials

28,395,000

      

 

1

857

        

 

7

15

23

25

Land

1,650,000

        

 

1

50

          

 

3

5

10

15

Other

5,526,000

        

 

1

167

        

 

3

5

8

10

Total

1,578

     

 

Estimated Decrease in Yields (%)

Description

Yield (t)

Price

Value $

Yrs 1-5

Yrs 6-10

Yrs 11-15

Yrs 20+

Peaches

6,000

              

 

7,000

            

 

1,267

     

 

10

20

          

 

30

          

 

50

          

 


The most likely scenario is that (i) timber prices will average $14 per m3 (current level), (ii) reforestation will lie between 13-14,000 hectares (currently 14,400), (iii) total harvest will average 12 million m3 (current level 12.1 million) and (iv) other costs covered by the fund will average somewhere between 17.5 to 25% of regeneration costs. Under this scenario, the value of the fund will not only be sufficient to cover the cost of the project but will increase over the four year planting period (2002-2005).

Only under the most pessimistic scenario (fall in timber price and total harvest volume with maintenance of current level of reforestation) will the value of the fund be insufficient to cover the cost of the project in Years 3 and 4 (Appendix III).

The impact of land restitution is likely to be neutral in the short term– area for reforestation will reduce in line with harvested volumes, although there may be a one year time lag in reforestation area. Thus even though the financing of the fund will reduce, so too will the call on the fund for reforestation.

The NFA is the largest (in terms of area) forest management company in Europe. It has a significant asset base and is profitable. Although it has a commercial mandate, it undertakes significant public purpose activities which it finances from its own resources. Profit has increased annually since 1998 and Profit Before Tax relative to revenue (excluding financial revenues) was 14% in 2001. This represents a significant improvement on previous years (Table 16). Profit after tax (PAT) as a percentage of gross revenue has increased steadily in recent years.

Table 16: Profit and Loss Account 1998-2001 NFA ($ million)
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2003

2004

2005

Volume Harvested (million m3)

12.00

12.00

12.00

12.00

Average Cost of Regeneration ($/ha)

1,802

1,802

1,802

1,802

Regeneration Area (ha)

13,000

13,000

13,000

13,000

Average Timber Price (US$/m3)

14.00

14.00

14.00

14.00

Fund Revenue (million US$)

33.60

33.60

33.60

33.60

Project Cost (million US$)

-2.44

-2.40

-2.43

-1.95

Regeneration Cost (million US$)

-23.43

-23.43

-23.43

-23.43

Afforestation - 350 ha

-0.63

-0.63

-0.63

-0.63

Total Cost (million US$)

-26.50

-26.46

-26.49

-26.01

Net Inrease / Decrease (million US$)

7.10

7.14

7.11

7.59

Other Costs Paid from Fund (million US$)

-5.86

-5.86

-5.86

-5.86

Incoming Balance 2002 (million US$)

16.85

Net Fund Balance at Year End (million US$)

18.10

19.39

20.64

22.38

(Excluding interest)

Year


In summary the NFA has the financial capacity through the Regeneration Fund to finance all of the afforestation works planned under the project. 

7. Risks Due to Leakage
The planned project afforestation of 6,728 hectares is in addition to the normal reforestation carried out by the NFA. The project will not impact the rate of reforestation after harvesting because the NFA is under a legal obligation under the Forest Code to reforest areas which have been felled and through the Regeneration and Conservation Fund has the financial capacity to fulfill its reforestation obligations. It also has the technical resource capacity (seed, nurseries, labor and equipment) to complete the required reforestation of recently felled lands.

As there is little or no private afforestation currently in Romania and the funding of this activity is separate to the Regeneration and Conservation Fund, e.g. SAPARD, the project will not impact private afforestation.

The lands to be afforested under the project are degraded lands and many areas have been abandoned (Table 3). The adjoining lands of higher fertility will continue to be used for agriculture. The afforestation will not displace local communities or land owners or result in leakage through the deforestation of other lands for agriculture. However, it could be argued that the displacement of grazing on the Small Island Braila could place pressure on other lands elsewhere leading to over-grazing and associated soil degradation and carbon loss. The situation regarding the island is complex (see Section C Social Issues) and it is not possible at this point in time to estimate the extent of any possible leakage. However, the amount of grazing on Small Island Braila is small and even if moved to existing grazing lands elsewhere, any loss in carbon is likely to be small (see soil carbon results from field sampling in Section B). 

The project by virtue of its objectives (soil stabilization and ecological reconstruction) will not result in increased demand for timber and timber products thus leading to leakage from other forest areas through increased harvesting.

8. Other Risks

There are a number of other identified risks both to the financial analysis and the total carbon sequestered:-

· Grazing;

· Drought;

· Fire / Disease / Wind;

· Model Predictions;

· Yield Table Predictions;

· Site Productivity Class;

· Illegal Felling; and

· Financial and Technical Capacity.

Grazing (mainly sheep) is widely practiced both on the identified project areas and on adjoining lands. Grazing is anticipated mainly under Robinia crops and has the potential to reduce the litter (foliage) and result in smaller gains in carbon in this component and soil in the absence of any mitigating measures. 

Drought, especially during the first five years of the project, represents the greatest risk, resulting in mortality and filling-in (replacement of dead or missing seedlings) with subsequent impact on the rate of carbon sequestration. However, the extent of this will be monitored by the existing law which requires all new afforested or reforested areas to be monitored for survival until canopy closure.

Fire is not considered a major risk as few ignition sources exist. The major species being planted – Robinia – is relatively disease free. While Poplar and Oak may be subject to disease, major infestation is unlikely. Wind damage (snow break and windthrow) is unlikely given the afforestation location and species being planted.

The CO2FIX predictions are based on a general model for carbon sequestration. There is the likelihood that the model could either over- or underestimate the carbon sequestered. The yield models assume full stocking and a set sequence of thinnings over the life of the crop. Total volume production, and by implication total carbon sequestration, is relatively independent of stocking within certain limits. There remains, however, the possibility of some plants dying resulting in gaps and less than full stocking.

There is a significant difference in total volume and revenues between the five site productivity classes. For example, Robinia shows a difference of about 100 m3 in total volume production between each site class over a 30-year rotation. Any overestimate in site class will result in significant overestimation of carbon and financial benefits. The corollary is also true.

Illegal felling, mainly for firewood, by locals is a real risk. The extent of illegal felling is difficult to predict but sporadic illegal felling is likely, especially in the Robinia areas.  This will require careful monitoring and control.

The NFA have the technical resources and financial capacity to undertake the project and no risk has been identified unless timber prices fall dramatically in real terms, which is unlikely.

9. Mitigation Measures for Reducing Risks

Several actions at specific sites can be implemented to reduce some of the risk to the project.  However, it is suggested that the project retain a proportion of the carbon benefits generated to self-insure.  To some degree this has been taken care of in the simulations of the CO2FIX model—a general volume and carbon reduction factor of 10% has been built into the financial and carbon analysis to take account of possible losses through grazing, drought, illegal felling, disease and stocking. In terms of volume reduction, this is probably slightly high given that the afforestation areas are net of roads, etc. A figure of 7.5% is not unreasonable. The difference of 2.5% represents a safeguard against possible overestimation by CO2FIX.  

Other mitigation measures include:

· Fencing on sites where there is an economic fence area ratio (less than 120 linear metres / hectare) could be worthwhile in reducing the impact of grazing and is recommended.

· In Dolj, some of the project areas will be watered from the existing irrigation pipelines during years one and possibly two. This will lessen the impact of drought.

· The NFA can, through the vigilance of its local staff and through building good relations with local communities, reduce the possible levels of illegal felling for firewood. 

· The CO2FIX parameters can be reviewed in the light of project monitoring and independent third party validation and thus corrected over time to provide greater reliability of estimates.

· In assessing site productivity class, the NFA has erred on the side of caution. Thus where a site could be considered III or IV, the higher class was selected with significant reduction in total volume production.

B. Plan for Measuring and Monitoring Carbon

1.0 Measuring and Monitoring Carbon
Key considerations in any measurement and monitoring (M&M) plan for quantifying the amount of carbon sequestered in forestry projects are (1) what is the baseline case, (2) what are the trade-offs between level of desired precision and cost, (3) what frequency of monitoring should be used, (4) how to monitor for project compliance, and (5) how to ensure the monitoring plan is producing credible results (see Appendix V—exerts from the Marrakesh COP7 report). The baseline provides the “business-as-usual” scenario; the difference between the baseline and the project activities give a measure of the carbon accruing to the project.  The trade-offs between precision and cost are related to the variability of the carbon stocks on the project lands.  The more variable the carbon stocks in a project the more plots are needed to attain desired precision levels and thus potentially the more costly to implement the M&M plan.  Stratification of the project lands into a reasonable number of relatively homogeneous units can reduce the number of plots needed for monitoring.  Frequency of monitoring is related to expected changes in the carbon stocks through time—the smaller the expected change the greater potential for less frequent monitoring to detect significant changes in carbon stocks and vice versa.  Measuring carbon stocks is only half of the monitoring protocol—monitoring that indeed the project accomplished what is proposed to do (e.g., plant trees over a given fixed area) is also needed. To develop a credible plan for measuring and monitoring carbon, steps must be taken to control for errors in sampling and data analysis.  To accomplish this and to ensure the quality of the estimates of the quantities of carbon sequestered, a quality assurance and quality control (QA/QC) plan is needed.  In this section of the report, we present the steps necessary to address each of these considerations.

2.0 Project Stratification

We stratified the project’s 6,728 ha into three main strata based on soil and proposed species selection: degraded sandy soils for Robinia, alluvial soil for Populus, and eroded zonal (soils typical of the region based on climate and geology) soil (brown soils or Chernozems) for Quercus and other mixed hardwoods. Within the sandy soil and eroded zonal soils classes there are subclasses based on site index; for the alluvial soil, only one mixed class is reported (Table 2-1).  The total number of strata according to Table B-1 is five (although two classes are reported for eroded zonal soil, this will be treated as one class for this work).  

Table B-1.  Areas of each stratum, by major soil type and site class.

	Soil Type and Stratum Number
	Site Class
	Area (ha)

	Degraded sandy soils:     1
	Robinia V
	796

	                                         2
	Robinia  IV
	722

	                                         3
	Robinia  III
	1,911

	Alluvial soils                   4
	Populus II & III
	2,727

	Eroded zonal soil             5
	Quercus IV and V
	572

	TOTAL
	
	6,728


3.0 Field Data Collection for Baseline Analysis

During April15-26, 2002, a field visit was made during which a number of plots were established and samples collected from various forest types of different ages, various present land uses, and from Amorpha fruticosa sites.  The details of the field sampling and measurements are given below.

3.1  Site and plot selection

Although plots and samples were not collected in all strata identified above in Table B-1, we were able to sample representative areas of the most common strata during the field visit.  Table B-2 lists the number of plots and/or samples collected from the corresponding strata.  In all cases we sampled soil in the forest site as well as in adjacent bare or abandoned other land uses; in some cases we sampled multiple abandoned sites near the sampled forests.

In all, we established 37 plots in five forest strata, in which we measured trees, litter and soil (to 30 cm depth).  For the non-forested strata, we collected 63 soil samples for ten different land-use types.  In addition we sampled five plots in the Amorpha areas and a number of plants from abandoned vineyards and orchards.

3.2  Field measurements and data analyses

3.2.1 Trees

Plots were established in forest sites along transects angled in the plantation to ensure that we did not establish them in a regular pattern along or between rows.  In all cases except one, we used a fixed area radius plot of 5 m; the one exception was Q15 where we used a fixed radius plot of 3 m (planting density was highest in this site).  Diameter at breast height (dbh at 1.3 m) was measured for all trees that exceeded 1.3 m in height.  Their dbh and species were noted on the field sheets.  In addition, in many sites, we also measured the dbh and height of a selection of the tallest trees to confirm their site class designation.

The carbon density (t C/ha) of the trees was estimated from the dbh measurements for each site.  Biomass and thus carbon (carbon = 50% of biomass) for the forests was based on estimating volume per ha and multiplying this by the wood density estimates derived for this project (see Section A above for details).  We used a two-step approach to estimate volume for the forests. We first developed regression equations for each of the four species and site class combinations between dbh and height based on data in the Romanian biometrics handbook (Giurgiu et al. 1973).  From these regressions we estimated height of each measured tree based on its dbh. We then estimated the volume of each using the regression equations for Romanian trees reported in Giurgiu (1990).  The volume was then multiplied by the corresponding wood density and summed for each tree to give an estimate of the aboveground carbon in each plot (field results for each plot and strata are given in Appendix VI).  

Table B-2.  Strata names (see Table B-1), their number code, and number of plots in which various components were sampled or measured during the site visit.  Blanks mean that no measurements were taken.  (See Appendices VI and VII for detailed plot data).

	Stratum
	 Stratum number
	#of plots for vegetation 
	# of samples from soil
	# of plots for fine litter (leaves & small wood)

	Forest sites

	Robinia 6 year, site class III—F6 
	3
	6
	6
	6

	Robinia 12 year, site class IV—F12
	2
	10
	10
	10

	Robinia 28 year, site class IV—R28
	2
	7
	6
	0

	Poplar 12 year, site class III—P12
	4
	8
	8
	8

	Mixed oak 15 year, site class V—Q15
	5
	6
	6
	6

	TOTAL-forests
	
	37
	36
	30

	Non-forest sites

	Abandoned vineyards--VR
	2-3
	16 individual plants
	8
	

	Abandoned orchard--OM
	2-3
	3 individual plants
	6
	

	Abandoned ag land near F6—AF6
	3
	
	6
	

	Bare land near F12—BF12
	2
	
	5
	

	Bare land –previously a vineyard at Research Station--RSA
	2
	
	6
	

	Bare land –never cultivated at Research Station RS-Mz
	2
	
	6
	

	Grazing land near Q15 –PQ15
	5
	
	5
	

	Mixed bare and grazing land on brown soil--BQ
	5
	
	8
	

	Amorpha area on alluvial soil on Small Island of Braila-PAF
	4
	5
	5
	

	Grazing land on Small Island of Braila-G
	4
	
	8
	

	TOTAL –non forested
	
	5
	63
	


3.2.2 Soils

All soils were collected to a depth of 30 cm using a standard soil corer (inside diameter of 2 cm).  In the forest plots, the soil was sampled at a distance of approximately 3 m from the plot center.  In the Amorpha plots, the sample was collected at approximately plot center.  One sample for soil carbon analysis and one for bulk density analysis was collected from each plot. 

In the non-forest sites, samples were collected along transects at intervals of about 20-30 m along the transect. In the case of the abandoned vineyard and orchard an equal number of soil samples were collected from along the rows and between rows.  As with forests, a sample for carbon and bulk density was collected.

Samples for bulk density were oven dried to 105C and weighed.  The soil bulk density was then calculated as the dry mass divided by the volume of the core to 30 cm depth.  Soils for carbon analysis were air dried, sieved through a 2 mm mesh sieve, and a well mixed ground sample analyzed.  Soil carbon was determined by the Walkley-Black method and expressed on an oven dry weight basis (dried to 105C).  (Results for the soil sampling by site re given in Appendix VII)

3.2.3 Litter

In forest plots, litter was collected from a 0.5 m x 0.5 m quadrat.  All litter down to the top of the mineral soils was collected, including all dead plant material (including small woody material—no large wood [>10 cm diameter] was found in any of the plots).  All litter samples were oven dried and weighed (Appendix VI).  We also separated the litter into three components: current year leaf and fruit litter, previous [old] litter, and woody material. 

3.2.4 Other vegetation (vines, orchard trees, and Amorpha)

Some of current land uses on project lands were formerly under vineyards and orchards, thus we needed an estimate of their carbon stock for the baseline analysis.  In these cases we first estimated the number of plants per hectare by counting the number of plants along several 100 m long transects.  As the spacing of the plants was standard width, we could estimate the number of existing plants per hectare by this method.  We then excavated several plants from the areas and obtained their weight in the field.  This was then corrected for moisture (estimated based on data for Amorpha).  These calculations provided an estimate of the baseline carbon for these two land uses.

Amorpha grows on the alluvial soils on the Insula Mica a Brailei (Small Island of Braila).  This plant grows well in riparian and flooded zones.  It covers approximately 200 ha of the 1,700 ha to be planted with poplars on this island. This plant grows in clumps.  To estimate the carbon in this land cover class, we established five 5m x 5 m plots in stands that appeared to have some of the highest density of the plant.  In each plot we counted the number of clumps, and then harvested the clump that was chosen to be representative of the plot (based on opinion of each four member of the team).  The wet weight of the clump was measured in the field, and subsamples returned to the laboratory for drying. The aboveground biomass for each plant is then the wet weight multiplied by its dry matter content (dry-to-wet weight ratio).  All these data were then converted to t C/ha (Appendix VI). 

In the poplar stand (P12) that we established forest plots in, Amorpha was also present (we noticed Amorpha to be commonly present in the forests established in the “Amorpha zone”) and thus estimated the biomass and thus carbon in these plants too.  We used basically the same approach to estimate the biomass of Amorpha in the forest as we did in the areas outside the forest.  In this case we counted the number of Amorpha clumps in one-quarter of the forest plot, harvested the representative plant and measured its wet weight in the field. 

4.0  Results of Carbon Measurements and Analyses

4.1 Forest sites

Despite the fact that these forests are plantations, estimates of aboveground biomass carbon (t C/ha) for the forest sites are highly variable, with coefficients of variation (CV) ranging from 18 to 88% (Table B-3; Appendix VI for plot details).  The poplar site class III forest (P12) and the Robinia site class III (F6) have almost identical amount of carbon in aboveground biomass, despite their six year difference.  

Table B-3.  Carbon content in aboveground trees (without foliage which could account for an additional 2-3% of aboveground biomass), litter, and soil of the forest sites and corresponding statistics.  See Table B-2 for further details of sites and Appendix VI for details by plot.

	
	Robina F6
	Robinia-F12
	Robinia-R28
	Poplar-P12
	Oak/mixed spp.-Q15

	Aboveground biomass

	Number
	6
	10
	7
	8
	6

	Mean
	36.6
	28.6
	81.8
	36.5
	12.8

	Standard error
	2.6
	3.3
	24.1
	6.0
	5.0

	CV (%)
	17.5
	36.8
	78.0
	46.4
	87.7

	Total litter

	Number
	6
	10
	
	8
	5

	Mean
	4.9
	4.2
	
	2.4
	2.5

	Standard error
	0.5
	0.6
	
	0.3
	0.3

	CV (%)*
	23.8
	43.6
	
	31.9
	31.0

	Soil to 30 cm depth

	Number
	6
	10
	6
	8
	6

	Mean
	18.7
	24.9
	28.5
	62.9
	81.4

	Standard error
	1.4
	2.0
	2.4
	3.1
	5.0

	CV (%)*
	18.8
	24.7
	20.2
	13.9
	15


CV=coefficient of variation; no litter was collected for the R28 site as none was present (heavily grazed site)

The Robinia F6 site was the least variable and the Oak-mixed species Q15 the most variable.  The F6 site had previously been used for water melon production that was irrigated and fertilized and it is possible that the site retained some of this former production potential thus the high rate of carbon accumulation over the first 6 years. The Robinia F12 had less carbon than the F6 demonstrating the effect of site class.  The high variability of the Robinia F28 is due to the amount of illegal logging or thinning that had taken place on this site as evidenced by the large number of stumps and an average number of stems per ha of 580 versus the 5,000 originally planted.

Total litter in the two Robinia sites was almost twice that of the other two forest sites. We separated the “fresh” from the old. In the Robinia sites, the fresh represented less than 40% of the total compared to more than 60% in the other two forest sites.  This implies that Robinia litter, despite its generally higher nitrogen content (as expected from a leguminous tree), decomposes slower than the other two sites.  This could be due to lack of moisture during the warmer months.  

Soil carbon content to 30 cm depth shows a gradual increase with age of Robinia forest, but the difference between each age class is not significant.  Compared to the alluvial soils in the poplar site (P12) and the zonal brown soils of the Oak site(Q15), the soil carbon in the Robinia forests is very low.  Coefficients of variation for the soil carbon are in the 19-25% range, and considerably lower on average than the carbon in the vegetation.  Generally is it expected that soil carbon is more variable than tree carbon.  However, in the case of these sandy soils, this is not the case most likely due to their low carbon content as is typical of sandy soils (carbon is readily leached from sandy soils due to the lack of clay particles to bind the carbon), and the long use by agriculture.

4.2 Bare land sites

On the bare or abandoned agricultural sites we measured only soil carbon (Table B-4). 

Table B-4.  Carbon content if the top 30 of soil in bare or abandoned agricultural sites and corresponding statistics (see Table B-2 for further details of sites).

	
	AF6
	BF12
	RS-A
	RS -Mz
	PQ15
	BQ
	G

	Number
	6
	5
	6
	6
	5
	8
	8

	Mean
	18.8
	17.2
	17.6
	13.7
	90.9
	61.5
	53.5

	Standard error
	1.1
	3.0
	1.0
	2.2
	3.6
	4.0
	8.1

	CV (%)
	14.3
	39.4
	13.6
	45.0
	9.0
	18.3
	42.8


As was found with the forest sites, the sandy soil sites have considerably lower soil carbon contents than the alluvial or brown zonal soils.  The lowest soil carbon content and the highest CV was found for the RS-MZ site, a site on sandy soils that had never been cultivated.  This suggests that even cultivation added some carbon to the sandy soils most likely to due to the higher input of carbon from plant roots and litter typical of former vineyards or orchards.

All these bare or abandoned lands generally had less soil carbon than their corresponding forest site (see Table B-3).  For the sandy soils, the forest sites ranged from 18.7-28.5 t C/ha compared to the range of 17.2-18.8 t C/ha for the abandoned sites.  This strongly suggests that replanting these soils with Robinia will increase soil C albeit at a slow rate, as shown by the CO2Fix model.

The carbon contents of the grazing land site PQ15 adjacent to the Oak forest site (Q15) and that of Q15 are not significantly different from each other, suggesting that significant amount of soil carbon may not accumulate on these sites.  However, the mixed bare and grazing land site (BQ) has significantly lower soil carbon than Q15, which might suggest that soil C will accumulate.  Thus, for the Oak/mixed species sites the evidence for significant soil carbon accumulation is not clear.  The grazing land site on the small island (G) has very variable soil carbon and the difference between this and the poplar site is not significant. 

4.3 Other lands

Results of the carbon measurements and analysis for the vegetation and soil of other lands are shown in Table B-5.  These results can be used towards estimating the baseline conditions of these lands.  The carbon content of abandoned vineyards and orchards is low, and even accounting for roots (estimated to be about 20% of aboveground carbon), the values range from 0.5 to 1.9 t C/ha.  During site preparation these plants are chopped and mixed with the soil, and thus some small amount would eventually accumulate in the soil, but probably be un-measureable.  For the purposes of this report, it is assumed that these plants totally decompose in the first year of clearing.  The carbon content of the soils of the abandoned vineyard and orchard are within the range found for other land uses on sandy soils (see Table B-4).

Table B-5.  Carbon content in vegetation and soil of other lands and corresponding statistics (see Table B-2 and Appendices VI and VII for further details of sites).

	
	Abandoned vineyard-VR
	Abandoned orchard-OM
	Amorpha-PAF

	Vegetation

	Number
	Transects/16 plants
	Transects/3 plants
	5

	Mean
	1.6
	0.4
	5.7

	Standard error
	N/A
	N/A
	1.1

	CV (%)
	N/A
	N/A
	42.7

	Soil to 30 cm depth

	Number
	8
	6
	5

	Mean
	15.8
	17.3
	43.8

	Standard error
	1.2
	1.8
	4.7

	CV (%)
	21.5
	25.9
	23.8


Amorpha grows on about 200 ha of the alluvial soils on the Danube island.  From our analysis, it appears that on average the Amorpha contains about 5.7 t C/ha (range of 3.5 to 8 t C/ha; +/-95% confidence interval) in aboveground biomass.  Estimating roots biomass at about 20% results in an initial carbon content of about 4.2 to 9.6 t C/ha.  However, in the area where it is found, we also found it growing inside the planted forests and naturally regenerating willow forests.  In the poplar P12 site, we estimated its carbon content at 2.8 t C/ha (including an estimate for roots).  Inside the forest, however, its carbon content was very variable (CV of 163%).  As a conservative estimate, we suggest that the baseline condition for Amorpha in the 200 ha is the difference between the maximum value outside the forest (9.6 t C/ha) and a minimal value of about 1 t C/ha in the forest, or a value of 8.6 t C/ha.  During site preparation, it is also chopped and turned into the soil where some of it will accumulate in the soil, but as above, likely un-measureable.  

The Amorpha site (PAF) and the poplar forest site (P12) were adjacent to each other, and the soil carbon in the PAF (43.8 t C/ha) site was significantly lower than the P12 site (62.9 t C/ha).  Thus is it likely that conversion to forest, even after 12 years, causes soil carbon to accumulate.  

4.4 Verification of CO2Fix model results with the field data

We used the field results to verify the CO2Fix model results (Table B-6). It is clear that the model significantly underestimates the carbon stocks in aboveground biomass and litter for all comparable sites.  Although the field data for the forests are variable, we estimated the carbon based on the same method as the model (volume estimate and wood density).  In all cases the field measurements indicate that the carbon content in aboveground biomass is about 1.5 to 4 times higher than the model projects, and litter is about 1 to 3 times higher.  This demonstrates the value of field measurements versus model simulations/projections.  Although the model simulates expected management and growth based on a vast data base for these forest species, part of the difference in results from the two approaches could be explained by the actual management of the stands we measured versus the modeled management.  Also, there could be some uncertainties introduced in the analysis of field measurements caused by the several steps used to estimate carbon contents (see above), although these steps are likely to introduce only small errors. Further, the sites we measured, although assigned a given site class, could actually be in a higher site class.  Lastly, the site with the highest carbon in trees (the 6 year-old Robinia-F6 site) was established on a previous water melon site where residual fertilizer likely increased growth in the initial stages.

The soil carbon field results tend to give similar trends as CO2Fix: the model projects an increase in soil carbon in all cases, and up to almost 6 t C/ha in the poplar site III.  The largest increase in soil carbon projected by the model is in the poplar site class III, the only site that produced a significant difference in the field data.  We conclude from this comparison, that the model outputs likely underestimate the amount of carbon that will be sequestered by this afforestation project (see Section A above).

If all the abandoned degraded sandy soil sites are combined, the mean carbon content is 17.3 t C/ha with a standard error or 0.7 t C/ha and a CV of 22.7%.  If these values are compared with the Robinia forest sites, the carbon stocks in F12 and F28 are then significantly different from the abandoned sites, and are more in line with the results of the CO2Fix model. 

Table B-6.  Comparison of the field measurements with the simulated output from CO2Fix.  All values are t C/ha at a given age. 

	Site and parameter
	Field measurements
	CO2Fix model

	Robinia F6-class III:

	     Aboveground biomass
	36.6
	9.4

	     Fine litter
	4.9
	2.0

	     Change in soil carbon
	No change
	1.2

	Robinia F12-class IV

	     Aboveground biomass
	28.6
	18.9

	     Fine litter
	4.2
	1.4

	     Change in soil carbon
	Increase but not significant
	2.9

	Poplar P12-class III

	     Aboveground biomass
	36.5
	19.1

	     Fine litter
	2.4
	2.0

	     Change in soil carbon
	Significant increase
	5.9

	Oak/mixed spp. Q15-class V

	     Aboveground biomass
	12.8
	3.2

	     Fine litter
	2.5
	0.7

	     Change in soil carbon
	No significant increase
	0.9


4.5  Projections of net emissions reductions

In section A, the projections of the quantity of carbon sequestered by the afforestation activities did not take into account sources of carbon emissions resulting from destruction of existing vegetation and sources of carbon emissions from site preparation due to burning diesel fuel in tractors.  In this section, these are estimated and included to arrive at an annual and total net emissions reductions from the projects.

First, the correction for the destruction of existing vegetation was estimated.  This includes the 200 ha on Small Island of Braila that contain Amorpha.  As noted above, the net difference between the Amorpha growing outside of the forests and inside of the forests was conservatively estimated to be 8.6 t C/ha (see section 4.3, above).  Likewise for the existing vineyards and orchards, they are estimated to be present on 240 ha of land to be afforested in Dolj county only, with a 50-50 split.  The estimated carbon stock in these two land use types is 1.9 t C/ha for vineyards and 0.5 t C/ha for orchards (see section 4.3 above).  The total correction for destruction of vegetation is estimated to be 2,006 t C emissions, occurring in the first two years only (Table B-7).

The second adjustment to the estimates of net emissions is from the burning of diesel fuel during site preparation.  It was estimated that the tractor to be used burned 30 liters of diesel per ha for tilling and disking.  It was also estimated that all the area to be afforested with poplar (2,727 ha) and 3,091 ha of Robinia would be treated this way (Table B-7).  None of the areas to afforested with oak nor none of the area to be afforested with Robinia in Tulcea country would be tilled and disked because of the slope of the lands.  It was estimated that one tonne of diesel contains 1200 liters which when burned in a tractor would produce 3.16 t CO2 or 0.9 t C.  The total emissions from site preparation was estimated to be 125 t C, or about an order of magnitude less than those from destruction of existing vegetation (Table B-7).  The total emissions from site preparation activities are 1,889 t C.  Thus the net emissions reductions from the afforestation project are estimated to be 277,922 t C.

The emissions due to destruction of pre-existing vegetation and fossil fuel consumption during site preparation amount to 2, 131 t C, or 0.8% of the gross emissions reductions.

Table B-7.  Estimated net emissions reductions from the afforestation project.  Estimates of the corrections for site preparation include destruction of existing vegetation and burning of diesel fuel.
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Note:  Romanian tractor (UTB Brasov 650) consumes 22 liters of diesel for tilling and 8 liters for disking per ha; 1 tonne 

diesel = 1200 liters = 3.16 tonne of CO2 or 0.9 tonne of C.  All Robinia lands except those in Tulcea country (on slopes) 

will be prepared (3,091 ha) and all poplar lands (2,727 ha); no oak lands will be tilled/disked


In addition, CO2 emissions will result from the use of project cars and chainsaws during project implementation. These numbers are expected to be small and so were not included in the table above. For example, using the following parameters (gasoline consumption of a car = 10 litres/100 km; travel = 25,000 km/yr; carbon content of gasoline = 19.4 lb CO2/gallon; US gallon = 3.79 litres; 5 project cars; 15 years), the emissions of the project cars would be 435 tCO2 or 119 tC over the 15 years of the project. 

Emissions from chainsaws would be even smaller. A chainsaw consumes about 0.2 litre of gasoline per m3 felled. Around 140,000 m3 would be thinned over a period of 15 years. Using the same coefficients as above, this means that the use of chainsaws for the purpose of the project would cause the emissions of 65 tCO2 or 18 tC over the 15 years.

Table B-7 bis.  Estimated emissions from project cars and chainsaws
	Project cars
	
	

	Gasoline consumption
	10
	litres/100km

	Travel per car
	25,000
	km/yr

	C content of gasoline
	19.4
	lb CO2/gallon

	Tonne
	2,205
	lb

	Gallon
	3.79
	litres

	Number of project cars
	5
	

	Number of years
	15
	

	Emissions
	435
	tCO2

	
	
	

	Chainsaws
	
	

	Gasoline consumption
	0.2
	litre/m3

	Thinning volume
	139,519
	m3

	Emissions
	65
	tCO2

	
	
	

	Total emissions
	500
	tCO2


5.0 Design of measuring and monitoring plan

5.1 Project implementation plan

A summary of the technical implementation plan of the project is presented in Table B-8. The afforestation is performed annualy in two planting seasons: spring (February – April) and autumn (September-November). In each planting season the following succession of work is considered for each area: site/soil preparation, seedling planting and maintenance/tending operations for new plantations until the stage of canopy closure (up to five years after planting), according to the national technical guidelines for forest vegetation establishment
 and technical guidelines for ecological reconstruction
. Site preparation will be mechanized (removing of brushes or other obstacles, where necessary) and soil preparation will consist of plowing and leveling, in some cases. Planting as well as maintenance/tending operations (not included in Table B-8) until canopy closure are usually done manually. 
Table B-8. The technical implementation plan of the project.

	Region
	County
	                 Afforested area (ha) by species (R,P,Q)

	
	
	Year 1 (2002)
	Year 2 (2003)
	Year 3 (2004)
	Year 4 (2005)

	South-West
	Olt 
	100   R
	230   R
	200   P
	500   P

	
	Dolj
	400   R
	700   R
	771   R
	229   R

	
	Mehedinti
	40     R
	0
	0     
	110   Q+P

	East
	Braila
	800   P
	700   P
	695   P+R
	53     Q+P

	
	Galati
	192   R
	0   
	0    
	0

	
	Tulcea
	268   R
	70    R
	0
	400   Q

	
	Vaslui
	200   R
	0
	34    R
	36     Q+P

	Total
	
	2000
	1700
	1700
	1328


Note: R – Robinia, P – Poplar, Q- Quercus

5.2  Overview of monitoring design

A carbon measuring and monitoring plan needs to monitor both for carbon and for project compliance (that is the project has planted and is maintaining the areas proposed). In this section, we discuss both aspects of this plan.  The carbon measuring and monitoring plan (M&M) is designed to treat the whole 6,728 ha, which means that if implemented as designed, the project cannot be subdivided into smaller parcels for trading. 

In designing the plan, the first step is to determine the number of plots needed in each stratum to reach desired precision levels.  For this step we use Winrock’s Plot Calculator© software, that takes into consideration the variance of each stratum as well as the area of the stratum.  This means that highly variable strata covering small areas will have less influence on the total number of plots needed than those strata that cover larger areas.  There is no policy in place that provides guidance as to the desired precision level or at what level of confidence should be used in carbon projects in the forestry sector.  Further, no guidance has been provided by the policy makers as to the amount of carbon measured that could be used for credits.  To be conservative, it has been suggested that project implementers could claim the mean minus the 10% confidence interval (CI; % of the mean with 90% probability, also referred to as the precision level) change in carbon stocks.  For example, if the mean is 100,000t C ± 10,000 t C (10% CI), then it is suggested that only 90,000 t C would be the credit allowed. This allows for flexibility in the implementation of a M&M plan based on the cost to measure and monitor carbon to given precision levels and the value of the carbon.  For instance, say a project has a mean change in carbon stock of 100,000 t /year with a 10% CI of 10,000 t C/yr and a 20% CI of 20,000 t C/yr.  If the implementer could only claim credit for the mean minus the CI, this would be equivalent to claiming either 90,000 t C based on the 10% precision or 80,000 t C based on the 20% precision.  Measuring to 10% precision versus 20% precision is equivalent to a “loss” of 10,000 t C credits.  At $10 per ton of carbon, this is equivalent to $100,000 loss of potential income if the carbon was traded.  From experience, it has been found that the establishment of additional monitoring plots needed to increase the precision from 20% of the mean to 10% of the mean, or even to 5% of the mean, would cost considerably less than the $100,000 loss in carbon credits.   From experience we suggest that the targeted total precision level should be about 10% of the mean with 90% confidence.  However, the final decision should be made by the project implementers based on the trade-off between cost and precision.

5.3  Number of plots needed to meet precision targets

Vegetation:  The data from the forest plots for aboveground biomass carbon were entered into Winrock’s Plot Calculator© software to estimate the number of plots that will be required to achieve a level of precision between 5% and 10% for the carbon content of aboveground biomass (Table B-9).  The number of plots are based on sampling error only, but there are other sources of error when estimating carbon namely regression error and measurement error.  In general, the sampling error is the largest source of error and can account for up to 80% of the total error.  We suggest an overall goal of a level of precision of +/- 10% so by targeting about 7% for sampling error we can meet that target, allowing for the other sources of potential error in the estimates.  To achieve various levels of precision with 90% confidence, we suggest the following number of plots (Table B-9).

Table B-9.  Number of plots required to meet various precision levels for the total 6,728 ha based on Winrock’s Plot Calculator© software. 

	Soil Type and Stratum Number
	Site Class
	10%
	7%
	5%
	Area (ha)

	Degraded sandy soils: 1
	Robinia V
	3
	7
	14
	796

	                                     2
	Robinia  IV
	4
	8
	15
	722

	                                     3
	Robinia  III
	6
	13
	25
	1,911

	Alluvial soils               4
	Populus II & III
	24
	49
	96
	2,727

	Eroded zonal soil         5
	Quercus IV and V
	3
	7
	13
	572

	TOTAL
	
	40
	83
	164
	6,728


We had no data for Robinia site class V, and assumed its absolute values would be lower than for site class IV (by about 20%), but with similar variance, thus we simulated the data for this stratum based on Robinia IV. 

To meet the 7% precision level for sampling error, the analysis shows that 83 plots are needed, most of which are to be located in the large area to be planted in poplar.  Although the Q15 plot had the highest coefficient of variance, its relatively small area and low carbon content results in the need for few plots in this forest type.  We generally recommend that additional plots be established to account for future damage, missing plots, etc.  We recommend that an additional 10% of the total needed be established; this results in a total of 92 plots: 7, 9, 15, 54, and 7 in the order strata 1-5.

The key to this project is to measure and monitor the quantity of carbon accruing on these planted sites over the length of the project and over separate time periods.  This is accomplished by measuring the changes in stocks over time.  For forest vegetation, this will be accomplished by monitoring the growth of individual trees in permanent sample plots at given time intervals (recommended to be 5 year intervals), keeping track of growth of survivors, mortality and ingrowth of trees.  The NFA annually monitors newly afforested areas until canopy closure (required by law), which in these afforested lands with lower site classes is going to occur over at least the first five years; this NFA monitoring will be able to ensure that the project is on track during this critical time. Changes in carbon per tree will be estimated and summed per plot.  Changes in carbon stocks in dead wood, and fine litter will also be measured and added to those for the trees.  Statistical analyses will then be performed on net carbon accumulation per plot; rates of carbon accumulation will be estimated directly from these analyses rather than subtracting two pools from each other.  It is expected that the targeted precision will be met by this approach.

Soil: In contrast to the procedure for vegetation where the original trees in the plots are monitored through time, the same soil sample cannot be monitored over time.  Instead, at each sampling interval a new sample is “destructively” collected and the analyses will involve subtracting two large pools from each other. This can result in a larger error.  To illustrate this concept, we assume that the soil carbon results from the replanted areas and the forest areas represent a time sequence of sampling.  Of importance in determining the number of plots that need to be established is not the number of plots that makes a difference significant but rather what number of plots could produce a given change in carbon stocks to be significant, i.e. how many plots are needed for a significant difference of 1, 2, 3, etc. t C/ha change.  To make this type of calculation, the data from all the degraded sandy soils and F12 and F28 forests sites are used.  It is assumed that in a regulatory regime, the initial carbon content in a site would be expressed as the mean plus the 90% CI (to be conservative).  For the 0-30 cm depth of degraded sandy soils, all samples combined gives a mean of 17.3 t C/ha + 1.2 t C/ha (90% CI) or 18.5 t C/ha.  Based on data for the forest site F12, the number of plots needed to report a significant 2 t C/ha difference is calculated as follows:

· For a 2 t C/ha difference, the mean soil carbon in the forest (24.9 t C/ha) minus 90% CI should be 20.5 t C/ha (mean degraded soil + 90% CI + 2 t C/ha change)

· The 90% CI is thus 24.9-20.5 t C/ha = 4.4 t C/ha

· The 90% CI = 1.7 [statistic for 0.10 level for n>30) * S/sqrt N = 4.4

· Solving for N using an S of 3.9 for all degraded sandy soils, the sample size is 3 

· Thus for a significant difference of 2 t C/ha would require 3 plots for stratum 2 (Robinia class IV), and this would take about 12 years to attain.

· These calculations were repeated for 3, 4 and 5 t C/ha difference using the standard deviation for all degraded sandy soils for Robinia F12, and for all alluvial soils for poplar (P12) (Table B-10).  

Similar calculations could not be readily made for the oak-mixed species forests because the forest site did not really match the planned planting area.  However, if the FQ15 site is a good match for the forest Q15 site, the number of plots needed for measure the carbon stocks in vegetation will suffice for this area.

Table B-10.  Number of plots required to detect different rates of soil carbon accumulation for Robinia and poplar sites.

	Difference desired 

(t C/ha)
	Number of plots for Robinia sites based on all degraded sandy soils (stdev = 3.9) 
	Number of plots for poplar based on all degraded alluvial soils (stdev =18.1)

	1
	-
	69

	2
	3
	130

	3
	4
	-

	4
	8
	-

	5
	23
	-


The number of plots needed to detect a given difference in soil carbon stocks to be significant clearly depends on the magnitude of the difference desired and the variability as measured by the standard deviation.  For example, the number of plots needed based on the variability of the degraded alluvial sites (standard deviation of 18.1) to significantly detect a 2 t C/ha difference is many more times than that based on the variability of the degraded sandy soil sites (standard deviation of 3.9).  Sandy soils typically have low soil carbon contents and the long use of these soils has reduced the soil carbon to uniformly similar levels across all sites. 

Clearly, the number of plots needed to reach a 7% precision level for the Robinia vegetation to be planted on these soils (see Table B-9) should be sufficient to detect up to a 4 t C/ha difference over about 12-15 years of the project. 

The number of plots needed to attain the desired precision level for poplar on alluvial soils, 54 plots, appears not to be enough to detect a significant 1 t C/ha difference even after 12-15 years of the project.  An additional 15 plots would need to be established for soil carbon monitoring to achieve a significant 1 t C/ha only during the project life. It is recommended that given the variation in soil carbon in these areas and likely small amount of carbon accumulating, that soil carbon not be monitored or claimed in these areas.

The number of plots needed for afforesting with the oak-mixed species to detect significant changes in soil carbon is unclear.  The field data suggest that few plots are needed, but as the forest site was not close to the areas to be afforested, it is not clear if this is representative. Compared to the adjacent grazing land (PQ15), the soil carbon in the forest was no different. Thus it is recommended that soil carbon monitoring not be done in this forest type due to the uncertainty is any significant amounts of soil carbon accumulating.

5.4  Plot layout and sampling design

The afforestation of the 6,728 ha or so will occur over at least 3-4 years, thus it is recommended that two age-class cohorts be developed to reduce variability in carbon measurements.  Sites planted in the first two years will be one population and sites planted in the second 2-year period will be another population.  The implication of the two age-class cohorts is that there are two unique populations and thus two sets of plots are needed for each population.  This means that the 80 or so plots (Table B-10) needed to sample vegetation and soil carbon need to be repeated, for a total of 160 plots or so.  Each cohort class will then be considered as a separate population and all analyses done separately for each population. 

The number of plots in each strata recommended here for the monitoring plan will vary for each cohort class as different amounts of each strata will be planted in each of the two planting periods.  The number of plots recommended for each cohort class (Table B-9) are only indicative and assume that the two cohort classes would be planted on exactly half of the area in each strata; the actual calculations will need to be repeated after the planting is accomplished when exact areas in each strata are finalized.  

Based on the data in Table B-8 for the first cohort class (plantings in year one and two) which only covers three of the strata (Robinia III, Robinia IV, and Poplar III) we obtained the following number of plots to meet a given precision level of 7%:  

Robinia III

16

Robinia IV

8

Poplar III

39

Total


63

Total recommended    70

The number of plots required based on the planting schedule in Table B-8 is less than for the whole area because there are no strata for Robinia V and Oak IV/V and the relative proportions of the total area covered by each strata is different.  Similar analysis cannot be completed for cohort class two as the exact breakdown by strata is not available and will be finalized after planting.

As this project involves monitoring carbon across many parcels within a given stratum, especially for Robinia, we recommend that permanent sample plots be established systematically among the afforestation sites, and each plot have its coordinates recorded using a GPS (see SOPs in Appendix VIII).  Within each stratum, we recommend that plots be randomly assigned to the afforested parcels according to their respective areas.  A first step in this approach is to determine the number of hectares per sample plot (Table B-11).  The details of how to assign the permanent plots are given in the Standard Operating Procedures (SOPs) in Appendix VIII.

Table B-11.  Area per sample plot to be used in designing the sampling design.  The two numbers for stratum 4 represent the number of plots and area per plot for vegetation and soil, respectively.

	Stratum number
	Number of plots (7% precision)
	Hectares per plot

	1-Robinia V
	7
	114

	2-Robinia IV
	9
	80

	3-Robinia III
	15
	127

	4-Poplar III
	54/69
	51/40

	5-Oak-V
	7
	82


Components to be measured in these plots include: all live and dead trees with heights taller than 1.3 m, and fine litter, and in Robinia classes soil carbon to 30 cm depth.  The importance of these will change through time.  The detailed methods for measuring each of these components is given in the Standard Operating Procedures (Appendix VIII).

The field data analyzed for this baseline report relied on the use of a two-step analysis—first from dbh to estimated height, then dbh and estimated height for volume, and then volume to carbon using wood densities.  Each of these steps introduces error—the preferred approach is to go directly to aboveground biomass from dbh or dbh and height using appropriate regression equations.  As measuring height can be time consuming, it is preferred that biomass be based on dbh measurements alone.  This can be accomplished by developing regression equations for each site class, as has been done for volume.  Either way (using dbh alone or dbh and height), new regression equations will need to be developed for this project based on direct relationships with these parameters to biomass.  The present way of calculating biomass carbon introduces too many errors.   Thus it is recommended as part of this M&M plan that new regressions be estimated for converting tree measurements to biomass directly. 

For root biomass, it is recommended that the literature be searched and functions based on age, site class, and aboveground biomass be developed.  Some field studies should be conducted to verify the functions.

5.5  Monitoring for project compliance

Given the importance of this step, a plan must be developed to monitor for compliance.  Depending upon the level of technology and resources this can be accomplished one of three ways:

1. Visual site visits with photographic documentation—this is the lowest technological method and should suffice.  The total area planted by each region should be thoroughly inspected and a selection of photographs taken and dated.  The field reports and photos should be part of the permanent record. Such routine monitoring is already part of the forestry requirements in Romania until the forest canopy closes (when the canopy of adjacent trees touch)—the routine monitoring under this requirement is to check for survival and development of the stands.  Monitoring for project compliance could be part of this routine monitoring program.

2. Digital aerial photography or videography of GPS located transects across each planted area—this involved more resources but is a preferred approach.  Like under approach 1, full documentation and photographs, dated, should be part of the projects records.

3. Remote sensing with use of Ikonos, a private satellite that produces high resolution imagery, GPS located. Purchase of such imagery can be expensive, though as the project develops over time, the costs could be reduced.  This also implies the availability of equipment, software for imagery interpretation, and trained personnel.  This approach would give practically full coverage.

Given the level of technology and resources available to the NFA, it is recommended that option 1 be used, at least in the initial stages.  As the level of technology available increases and option 2 could be used at from experience this method may not be much more expensive than the ground method proposed in option 1.  Option 3 may not be a choice, at lest in the next decade due to constraints in resources and technology.

5.6  Cost of monitoring for carbon

Estimating the cost of monitoring in monetary term is difficult because of differences in the economic systems around the world.  Instead, it is preferable to estimate the “cost” based on person-hours.  There are two aspects to monitoring costs: fixed and variable costs.  Fixed costs are those associated with planning, acquiring the field equipment, preparing for the field expeditions, training in field measurements, and acquiring all relevant materials and maps.  Variable costs are those associated with the actual field work and include travel costs between sites, cost to install plots and measure the various components, and data and sample analysis at the end of the field work.  Others specific issues for this project include who will lead the overall monitoring effort, who will do the monitoring, who will do the training, who will do the sample analysis, who will implement the quality assurance and quality control plans, and who will integrate all results and estimate the carbon credits?  Will the NFA use its research branch to lead this effort and then use foresters in each region for the actual field work, under the leadership of the researchers?  These issues need to be addressed by the NFA and will influence the costs incurred for the monitoring.

Another aspect to consider is that costs will vary through time—initially when the forests have fewer components to measure (dead trees, litter, and soil less frequently) costs could be smaller.  Through time, costs could increase as more time is needed to measure larger trees, collect soil, collect more litter, etc.  With these aspects in mind, the following time costs for monitoring are presented:

Team size: minimum of 2 persons; maximum of 4 persons (this divides the work into measuring trees and measuring litter/soil)

Time per plot (excluding travel time):  2-person team in Robinia (including soil):  2.0 hour






   2-person team in other forests:  1.25 hour

For cohort class 1, which requires 70 monitoring plots, the total time for a two-person team to install and measure the plots is:  26 Robinia plots for 52 hours and 44 Poplar plots for 55 hours, or a total of 107 hours.  Travel time will be significant as the planting areas are spread over seven counties and will require much time to travel to by road, and depending on their accessibility, additional time to walk to.  The total time is estimated to be (assuming the same time to install plots as to travel to plots) 430 person-hours per monitoring event for carbon.  The fixed costs for each event is estimated to be 40 person hours.  

6.0 Frequency of Carbon Monitoring and Reporting

Given the dynamics of forest processes, they are generally measured over periods of 5-year intervals (e.g., many national forest inventories).  For carbon pools that respond more slowly such as soil, even longer periods are used.  Thus it is recommended that for carbon accumulating in the trees, the frequency of M&M be on a 5-year cycle and for soil carbon, which responds more slowly, on a 10-year cycle.  For those strata where soil carbon will be monitored over time (all Robinia sites), initial soil carbon measurements are needed to establish the starting conditions.  It is recommended therefore, that the number of plots needed for monitoring Robinia stands be established directly after planting.  This means locating each plot on a given area, permanently marking its center, taking GPS readings, and sampling the soil according to the standard procedures outlines in Appendix VIII (SOPs).  These will then be monitored over time as carbon accumulates.

Because there are two cohort classes, monitoring for carbon will occur over a two-year interval, one year for the first cohort class, and the next year for the second cohort class.  Because of the extra effort needed in monitoring based on the two cohort classes and the implications for cost to the project, a consideration should be made to see if it is possible to plant the whole 6,728 ha over a two year period instead of the planned four years.  

It is likely that the monitoring for compliance will occur regularly as part of the normal operations of the NFA personnel, especially during the time for canopy closure as this is required by law.  Once the canopy closes and this regular monitoring is not required, then a regular schedule of monitoring for compliance needs to be implemented.  It is recommended that this occur on a regular cycle of two years maximum, given the potential risks in later years for illegal activities.

For reporting purposes, it is recommended that the CO2Fix model (perhaps with some revisions based on the results of the field data) be used to estimate annual changes in carbon stocks, with a “true-up” after each five-year period.  At that time, the measured changes in carbon stocks would be compared to the modeled output, and the reported benefits in year 5 for vegetation and year 10 for soil be adjusted accordingly.  If the model is not revised, it is likely, based on the field data, that the carbon benefits at year 5 for vegetation will be higher than estimated.  This could be a potential additional source of funds to cover the M&M costs in that year.

7.0 Quality Assurance and Quality Control Plan

To develop a credible plan for measuring and monitoring carbon on the afforestation sites, steps must be taken to control for errors in sampling and data analysis.  To accomplish this and to ensure the quality of the estimates of the quantities of carbon sequestered, a quality assurance and quality control (QA/QC) plan is necessary.  This plan includes formal procedures to verify methods used to collect field data and the techniques to enter and analyze data.  To insure continuity it is also important that all data collected use the same procedures during the project life and is archived using acceptable standards by all partners involved in the project. Adhering to these procedures will insure that in the event there is a change in personnel at the NFA, or if any of the people involved are questioned about any aspect of the project, all will be well informed.  In addition to following the procedures outlined below, it is also important that a record be maintained to demonstrate that the steps are being followed; this needs to be done by developing a series of check sheets for each step.  

Carbon projects of this type must hold up to the scrutiny of the scientific community as well as outside organizations who will ultimately verify the carbon-offsets resulting from project activities.  This plan will become part of the project’s set of documents to be available for review and inspection.  The QA/QC plan will be updated as necessary when new field equipment or procedures become available.  

The purpose of this section of the report is to describe the procedures for: (1) collecting reliable field measurements; (2) verifying methods used to collect field data; (3) verifying data entry and analysis techniques; and (4) data maintenance and archiving.  

7.1  Standard operating procedures for field data collection

Collecting reliable field measurements is an important step in the quality assurance plan.  Those responsible for the carbon measurement work should be fully trained in all aspects of the field data collection and data analyses. Standard Operating Procedures (SOPs) need to be developed for each step of the field carbon measurements which should be adhered to at all times (SOPs in Appendix VIII). These SOPs detail all phases of the field measurements so that future field personnel can repeat the measurements exactly as previous times.

To ensure the collection of accurate field data the following steps should be implemented:

· The field-team members need to be fully cognizant of all procedures and the importance of collecting accurate data.

· The field teams will install test plots if needed in the field and measure all pertinent components using the SOPs.

· All field measurements need to be checked by a qualified person in cooperation with the field team and correct any errors in techniques.

· It is recommended at this stage that a certification document be produced and filed with the project documents that shows that these steps have been followed.  The document will list all names of the field team and the project leader will certify that the team is trained.

7.2.  Procedures to verify field data collection

To verify that plots have been installed and the measurements taken correctly, two procedures should be followed, assuming that the field crew is composed of two teams:

· On a regular basis, each team will re-measure the trees of at least one plot done by another team.  The re-measurement of permanent plots is to verify that measurement procedures were conducted properly.  

· New field sheets should be used and compared against the original one.  

· During the re-measurements the key items to be checked are the location and measurement of the diameter of each tree in the plot.

· The results of the re-measurements should be compared to each other and any problems identified be discussed with the members of all teams.  Errors are corrected and the corrected field sheet is included with the original, and noted as such.

· This procedure should be repeated during the field data collection work.

· For the rechecked plots, double data sheets will serve as the record that the procedure was followed.

· At the end of the field work, the project leader should revisit 10-20% (depending on resources and time) of the plots not checked during the inventory period.  During this time, live trees will be re-measured as described above.  New field sheets will be used for data collection and these will be compared with the original sheets.  Any errors found will be corrected and recorded.  Any errors discovered will be expressed as a percent of all plots rechecked to provide an estimate of measurement error.

· A document to describe the results of the previous step should be prepared to certify that the above procedures have been followed; this should be filed with the project documents.

· During future monitoring events, copies of the previous years’ data should accompany field teams so that they can verify new trees that have grown into the plots (ingrowth), existing trees, and any mortality that has occurred.  It is recommend that electronic spreadsheets be developed for each plot that contain the live tree information (tree number, diameter and/or height, species group), with additional columns for subsequent year’s measurements; these data sheets should be used in the field for future measurements.

7.3  Procedures to verify data entry and analysis

Another key step to produce reliable carbon calculations is the proper entry of data into the data analyses spreadsheets.  There are two steps in this process: entry of field data and laboratory data.  It is important that steps are taken to ensure that errors are minimized. Common sense should be used when reviewing the results of the data analysis to make sure that they fit within the realm of reality.  Communication between all personnel involved in measuring and analyzing data is crucial before final analysis of the monitoring data can be completed.  If there are any problems with the monitoring plot data that cannot be resolved, the plot should not be used in the analysis.

The following steps assume that a suitable data analysis spreadsheet has been developed—this can readily be developed in Excel by the project team (e.g. Drs. V. Bludjea or I. Abrudan).  

Plot measurements

· It is recommended that one person be responsible for entering all data to ensure that errors are minimized.  

· To check for data entry errors, it is suggested that another independent person enter data from about 15% of the field sheets into the data analysis spreadsheets.  These two data sets can then be compared to check for errors.  Any errors detected should be corrected in the master file.  The two sets of data entry (dated and named) should serve as the record for this step.

· It is recommended that the data analysis spreadsheets have checks built into them to highlight potential errors in data entry.  Such checks should include likely maximum or minimum limits on tree diameter for example. 

Soil samples

· Analysis of soil samples for carbon should include standards and replicates in every batch analyzed in the laboratory.  It is recommended that every batch of soil samples sent to the laboratory include one replicate sample for every 20 samples.  The contracted laboratory must also be required to run a standard soil carbon sample in every batch and that these results must be included with the laboratory results.

Litter samples

· As for soils, a replicate litter sample needs to be included with every batch of 20 samples sent to a laboratory for dry mass determination.  

7.4  Data maintenance and storage

Because of the relatively long-term nature of these projects, data archiving (maintenance and storage) will be an important component of the work.  Data archiving should take several forms and copies of all data should be provided to each participating group.

· Original paper copies of the field measurement sheets, laboratory data sheets, and data analyses should be placed in folders and stored in a secure location by the carbon measurement implementers. 
· Paper copies of all data sheets, data analyses, and models (excel spreadsheets); the final estimate of the amount of carbon sequestered; any GIS products; and a copy of the measuring and monitoring reports should all be stored in a dedicated and safe place.
· All the electronic data and reports should also be copied onto durable media such as CDs and a copy of this CD it should be sent to the Prototype Carbon Fund.  It is recommended that given the time frame over which the project will take place and the pace of production of updated versions of software and new hardware for storing data, that the electronic copies of the data and report be updated periodically or converted to a format that could be accessed by any future software application.

8.0 Third-Party Verification of Project Carbon Benefits

Third party verification has several components: verification of the field data collection, data analyses, documentation and record keeping, data storage protocols, and project compliance. The QA/QC plan is designed to provide internal verification whereas third-party verification is akin to external auditing of public companies. Very few projects to date in the forestry sector have been verified by external people, but as the carbon markets develop, more companies are likely to develop and be available for this service.  The Marrakesh Accord from COP7 has already presented details of what qualifications such third-party verifiers, or operational entities, should have (downloadable from the UN FCCC web site). It is likely that regulations to be followed by verifiers will be developed.  

It is recommended that the project should be verified at the beginning of the project, after the project has been implemented (that is after all the areas have been planted), and at the end of each M&M period, that is every 5 years.  The verification at the beginning of the project insures that the plan is sound, the projected carbon credits appear reasonable, the project is additional, all the monitoring plans meet acceptable standards, and that the implementing organization has the technical and financial credentials to carry out the project.  The verification after all areas have been planted is to assure that the project is on schedule and met its goals.  The regular 5 year verification process, mentioned above, will verify that the project has accrued the carbon credits paid for in the previous four years and verify the “true-up” based on the field monitoring.  

The first two steps in the verification process (beginning and after planting) should assure the PCF that the project is sound and meeting it goals and should trigger the payments for the first four years.  The 5-year verification will confirm the “true-up” of credits after the field monitoring.  At this time, the project could have over- or under-estimated the amount of carbon sequestered.  If underestimated, the verifier, with the project implementers, will report the short fall and be paid less for that year accordingly.  It is expected that any potential shortfall is likely to be small given the experience of the NFA in planting forests around Romania.  However, a more likely case is that the monitoring of carbon will show that previous reported amounts of carbon sequestered will be underestimated (based on present CO2Fix model results and field results).  This situation gives the NFA two options:  report the actual amount and perhaps receive more income or keep the additional amount in a reserve for self-insurance.  Any differences between projected annual rates of carbon sequestration (from the CO2Fix model) and actual measured amounts are likely to decline through the project life.  After each carbon monitoring event, the model projections for the subsequent 5-year intervals should be revised based on the results of the carbon measurements—this will ensure that future projected annual carbon credits will be closer to actual measured.

APPENDICES

Appendix I

Table 1a: Biomass Parameters – Other CO2FIX Models
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Table 1b: Biomass Parameters for Project
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Table 2: Production Line Parameters
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90

0.06

0.70

0.25

0.05

0.15

0.20

0.65

1.00

0.60

0.40

100

1.00

0.70

0.25

0.05

0.15

0.20

0.65

1.00

0.60

0.40

Poplar III

Not harvested

Notes

Use Relatively high values for logwood for Robinia to allow for use of thinnings as poles, stakes etc.

Approximately 25% of timber volume sold by NFA is for local use (firewood)

High values for slash firewood to simulate use of branch slash as firewood

Stems

Branches

Slash


Table 3: End Product Parameters
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Table 4: Recycling Life Span Parameters
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Alternative Land Use Pasture
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36.20
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0.66

Costs
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Rental
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Note: Fertilizer applied every 5 years
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Note:   

Exchange rate = 33,150 Lei / US$

Crops grown for project life - 30 years

  Most likely scenario
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Robinia Site Class III - Carbon

Robinia Site Class IV - Carbon
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Robinia Site Class V - Carbon
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Poplar Site Class III – Carbon
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Oak Site Class IV - Carbon
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22,816

   

 

40,818

   

 

63,634

   

 

944

        

 

300,901

 

 

18

146,789

 

 

17,105

   

 

35,626

   

 

55,895

   

 

255,414

 

 

9,276

     

 

3,820

     

 

11,783

   

 

24,879

   

 

42,745

   

 

67,625

   

 

1,121

     

 

321,919

 

 

19

160,537

 

 

17,452

   

 

37,142

   

 

58,241

   

 

273,372

 

 

9,371

     

 

3,801

     

 

13,265

   

 

26,437

   

 

45,043

   

 

71,480

   

 

880

        

 

343,975

 

 

20

170,517

 

 

17,261

   

 

37,337

   

 

59,304

   

 

284,419

 

 

10,246

   

 

5,006

     

 

15,400

   

 

30,651

   

 

47,079

   

 

77,730

   

 

5,544

     

 

356,616

 

 

21

180,475

 

 

17,180

   

 

37,510

   

 

60,302

   

 

295,467

 

 

10,290

   

 

5,200

     

 

17,570

   

 

33,059

   

 

50,918

   

 

83,976

   

 

6,843

     

 

372,601

 

 

22

192,498

 

 

17,429

   

 

38,070

   

 

61,843

   

 

309,840

 

 

9,893

     

 

4,820

     

 

19,478

   

 

34,190

   

 

53,983

   

 

88,173

   

 

5,542

     

 

392,487

 

 

23

206,236

 

 

17,858

   

 

39,153

   

 

63,789

   

 

327,036

 

 

9,671

     

 

4,384

     

 

21,217

   

 

35,271

   

 

55,792

   

 

91,063

   

 

3,716

     

 

414,393

 

 

24

220,099

 

 

18,171

   

 

40,215

   

 

65,569

   

 

344,054

 

 

9,727

     

 

4,415

     

 

23,026

   

 

37,168

   

 

57,017

   

 

94,185

   

 

3,268

     

 

434,983

 

 

25

233,869

 

 

18,402

   

 

41,173

   

 

67,129

   

 

360,574

 

 

9,765

     

 

4,537

     

 

24,946

   

 

39,248

   

 

58,507

   

 

97,755

   

 

3,107

     

 

455,219

 

 

26

247,420

 

 

18,470

   

 

42,026

   

 

68,480

   

 

376,396

 

 

9,772

     

 

4,674

     

 

26,941

   

 

41,387

   

 

60,133

   

 

101,519

 

 

2,978

     

 

474,919

 

 

27

260,672

 

 

18,322

   

 

42,790

   

 

69,592

   

 

391,376

 

 

9,744

     

 

4,798

     

 

29,022

   

 

43,565

   

 

61,774

   

 

105,338

 

 

2,852

     

 

493,848

 

 

28

273,543

 

 

17,989

   

 

43,454

   

 

70,504

   

 

405,491

 

 

9,657

     

 

4,908

     

 

31,168

   

 

45,732

   

 

63,397

   

 

109,129

 

 

2,736

     

 

511,856

 

 

29

286,011

 

 

17,506

   

 

44,021

   

 

71,218

   

 

418,756

 

 

9,511

     

 

5,014

     

 

33,374

   

 

47,899

   

 

64,913

   

 

112,812

 

 

2,624

     

 

528,941

 

 

30

229,897

 

 

11,624

   

 

31,677

   

 

56,421

   

 

329,619

 

 

16,389

   

 

17,850

   

 

40,744

   

 

74,983

   

 

66,329

   

 

141,312

 

 

79,251

   

 

391,673

 

 


Oak Site Class V – Carbon
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[image: image31.emf]Robinia Site Class V Carbon
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[image: image32.emf]Poplar Site Class III Carbon
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[image: image33.emf]Oak Site Class IV Carbon
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[image: image34.emf]Oak Site Class V Carbon
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[image: image35.emf]Total Carbon  - All Species
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[image: image36.emf]Total Carbon by Species
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[image: image38.emf]Robinia Site Class III Carbon
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Appendix V

THE MARRAKESH ACCORDS

& THE MARRAKESH DECLARATION

Note: The present advance version of the decisions and other action adopted by the Conference of the Parties at its seventh session is being made available on the UNFCCC website in unedited form for the convenience of Parties and other participants. The final edited version of these decisions, with their corresponding decision numbers, will be issued subsequently in Part Two of the Report of the Conference of the Parties on its seventh session.

Draft decision -/CMP.1 (Article 6)

Guidelines for the implementation of Article 6 of the Kyoto Protocol
ANNEX

Guidelines for the implementation of Article 6 of the Kyoto Protocol
II APPENDIX B

II Criteria for baseline setting and monitoring

Criteria for baseline setting

1. The baseline for an Article 6 project is the scenario that reasonably represents the anthropogenic emissions by sources or anthropogenic removals by sinks of greenhouse gases that would occur in the absence of the proposed project. A baseline shall cover emissions from all gases, sectors and source categories listed in Annex A and anthropogenic removals by sinks within the project boundary.

2. A baseline shall be established:

(a) On a project-specific basis and/or using a multi-project emission factor; 

(b) In a transparent manner with regard to the choice of approaches, assumptions, methodologies, parameters, data sources and key factors; 

(c) Taking into account relevant national and/or sectoral policies and circumstances, such as sectoral reform initiatives, local fuel availability, power sector expansion plans, and the economic situation in the project sector;

(d) In such a way that ERUs cannot be earned for decreases in activity levels outside the project activity or due to force majeure;

(e) Taking account of uncertainties and using conservative assumptions.

3. Project participants shall justify their choice of baseline.

Monitoring

4. Project participants shall include, as part of the project design document, a monitoring plan that provides for:

(a) The collection and archiving of all relevant data necessary for estimating or measuring anthropogenic emissions by sources and/or anthropogenic removals by sinks of greenhouse gases occurring within the project boundary during the crediting period;

(b) The collection and archiving of all relevant data necessary for determining the baseline of anthropogenic emissions by sources and/or anthropogenic removals by sinks of greenhouse gases within the project boundary during the crediting period;

(c) The identification of all potential sources of, and the collection and archiving of data on increased anthropogenic emissions by sources and/or reduced anthropogenic removals by sinks of greenhouse gases outside the project boundary that are significant and reasonably attributable to the project during the crediting period. The project boundary shall encompass all anthropogenic emissions by sources and/or removals by sinks of greenhouse gases under the control of the project participants that are significant and reasonably attributable to the Article 6 project;

(d) The collection and archiving of information about environmental impacts, in accordance with procedures as required by the host Party, where applicable;

(e) Quality assurance and control procedures for the monitoring process;

(f) Procedures for the periodic calculation of the reductions of anthropogenic emissions by sources and/or enhancements of anthropogenic removals by sinks by the proposed Article 6 project, and for leakage effects, if any. Leakage is defined as the net change of anthropogenic emissions by sources and/or removals by sinks of greenhouse gases which occurs outside the project boundary, and that is measurable and attributable to the Article 6 project;

(g) Documentation of all steps involved in the calculations referred to in subparagraphs (b) and (f) above.

5. Revisions, if any, to the monitoring plan to improve its accuracy and/or completeness of information shall be justified by project participants and shall be submitted for the determination referred to in paragraph 0 of the annex on Guidelines for the implementation of Article 6 by the accredited independent entity.

6. The implementation of the monitoring plan and its revisions, as applicable, shall be a condition for verification.
Appendix VI

	
	
	Aboveground
	Litter
	Description
	
	
	

	Plot
	
	tC/ha
	tC/ha
	
	
	
	

	Q15-1
	
	32
	
	Mixed hardwood (Quercus, Pyrus, Tilia, 

	Q15-2
	
	10.3
	
	Fraxinus) site class 4-5
	
	

	Q15-3
	
	8.5
	
	
	
	
	

	Q15-4
	
	2.5
	
	
	
	
	

	Q15-5
	
	10.7
	
	
	
	
	

	
	Mean
	12.80
	2.47
	
	
	
	

	
	variance
	125.97
	(wood =
	
	
	
	

	
	stan dev
	11.22
	0.53)
	
	
	
	

	
	CV(%)
	87.68
	
	
	
	
	

	
	stan error
	5.02
	
	
	
	
	

	
	95% CI
	10.30
	
	
	
	
	

	
	n
	5.00
	
	
	
	
	

	
	
	
	
	
	
	
	

	P12-1
	
	30.5
	
	Populus and Amorpha riparian area/river bar

	P12-2
	
	16.7
	
	Site class 3
	
	
	

	P12-3
	
	30.5
	
	
	
	
	

	P12-4
	
	17.1
	
	
	
	
	

	P12-5
	
	38.8
	
	
	
	
	

	P12-6
	
	47.4
	
	
	
	
	

	P12-7
	
	43.2
	
	
	
	
	

	P12-8
	
	68.1
	
	
	
	
	

	
	Mean
	36.54
	2.41
	
	
	
	

	
	variance
	286.85
	(wood =
	
	
	
	

	
	stan dev
	16.94
	0.53)
	
	
	
	

	
	CV(%)
	46.35
	
	
	
	
	

	
	stan error
	5.99
	
	
	
	
	

	
	95% CI
	12.29
	
	
	
	
	

	
	n
	8.00
	
	
	
	
	

	
	
	
	
	
	
	
	

	F12-1
	
	29.2
	
	Robinia/Morus, site class 4
	

	F12-2
	
	13.4
	
	
	
	
	

	F12-3
	
	38.7
	
	
	
	
	

	F12-4
	
	29.8
	
	
	
	
	

	F12-5
	
	21.3
	
	
	
	
	

	F12-6
	
	35.6
	
	
	
	
	

	F12-7
	
	38.3
	
	
	
	
	

	F12-8
	
	11.2
	
	
	
	
	

	F12-9
	
	27.5
	
	
	
	
	

	F12-10
	
	41.4
	
	
	
	
	

	
	Mean
	28.6
	4.20
	
	
	
	

	
	variance
	111.0
	(wood =
	
	
	
	

	
	stan dev
	10.54
	0.73)
	
	
	
	

	
	CV(%)
	36.8
	
	
	
	
	

	
	stan error
	3.33
	
	
	
	
	

	
	95% CI
	6.84
	
	
	
	
	

	
	n
	10.00
	
	
	
	
	

	
	
	
	
	
	
	
	

	F6-1
	
	25.8
	
	 Robinia, site class 3
	
	

	F6-2
	
	43.2
	
	Previous ag irrigated and fertilized
	

	F6-3
	
	39.3
	
	
	
	
	

	F6-4
	
	38.9
	
	
	
	
	

	F6-5
	
	32.2
	
	
	
	
	

	F6-6
	
	40.3
	
	
	
	
	

	
	Mean
	36.62
	4.89
	
	
	
	

	
	variance
	41.17
	(wood =
	
	
	
	

	
	stan dev
	6.42
	0.91)
	
	
	
	

	
	CV(%)
	17.52
	
	
	
	
	

	
	stan error
	2.62
	
	
	
	
	

	
	95% CI
	5.37
	
	
	
	
	

	
	n
	6.00
	
	
	
	
	

	
	
	
	
	
	
	
	

	R28-1
	
	24.2
	
	28 year old  Robinia, site class 4
	

	R28-2
	
	24.3
	
	heavily impacted--grazed and illegally 

	R28-3
	
	25
	
	logged
	
	
	

	R28-4
	
	146.4
	
	
	
	
	

	R28-1
	
	78.7
	
	
	
	
	

	R28-2
	
	90.4
	
	
	
	
	

	R28-3
	
	183.3
	
	
	
	
	

	
	Mean
	81.76
	
	
	
	
	

	
	variance
	4068.20
	
	
	
	
	

	
	stan dev
	63.78
	
	
	
	
	

	
	CV(%)
	78.01
	
	
	
	
	

	
	stan error
	24.11
	
	
	
	
	

	
	95% CI
	49.47
	
	
	
	
	

	
	n
	7.00
	
	
	
	
	

	AF-1
	
	7.6
	
	
	
	
	

	AF-2
	
	8.7
	
	
	
	
	

	AF-3
	
	4.0
	
	
	
	
	

	AF-4
	
	5.7
	
	
	
	
	

	AF-5
	
	2.8
	
	
	
	
	

	
	Mean
	5.7
	
	
	
	
	

	
	Stan dev
	1.1
	
	
	
	
	

	
	CV (%)
	42.7
	
	
	
	
	


Appendix VII
	
	
	
	
	
	
	
	
	
	

	Soil carbon analysis--all units in t C/ha to30 cm depth
	
	

	
	 
	
	
	
	
	
	
	
	

	Plot data
	
	
	
	
	
	
	
	
	

	
	AF6
	F6
	F12
	BF12
	RS-A
	RS-F28
	RS-MZ
	VR
	OM

	
	17.41
	12.6
	22.89
	23.88
	17.77
	21.53
	5.95
	12.16
	14.39

	
	16.25
	22.3
	33.44
	22.43
	20.08
	35.99
	6.75
	12.63
	17.07

	
	20.22
	16.6
	32.48
	19.39
	13.64
	29.53
	14.53
	16.61
	14.99

	
	15.74
	20.9
	18.26
	8.36
	16.25
	26.08
	19.72
	17.93
	14.15

	
	22.34
	19.4
	28.52
	11.86
	18.39
	23.86
	15.16
	18.92
	17.01

	
	20.79
	20.2
	35.80
	
	19.68
	34.27
	20.26
	11.68
	26.04

	
	
	
	22.27
	
	
	
	
	15.85
	

	
	
	
	21.59
	
	
	
	
	20.85
	

	
	
	
	20.82
	
	
	
	
	
	

	
	
	
	17.00
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	

	
	
	
	Q15
	PQ15
	BQ
	G
	PAF
	P12

	
	
	
	77.23
	93.96
	66.55
	92.86
	58.76
	59.9

	
	
	
	72.65
	93.35
	58.53
	47.33
	43.53
	59.2

	
	
	
	79.80
	97.56
	54.63
	60.82
	40.81
	62.5

	
	
	
	99.47
	92.71
	38.56
	74.43
	29.75
	59.4

	
	
	
	67.02
	76.68
	68.83
	42.12
	46.26
	60.6

	
	
	
	92.39
	
	67.03
	17.55
	
	50.0

	
	
	
	
	
	75.55
	49.14
	
	75.8

	
	
	
	
	
	62.44
	42.12
	
	75.7


Appendix VIII

Standard Operating Procedures for Measuring and Monitoring Carbon

1.0  Introduction

To develop a reliable baseline and a measurement and monitoring plan for both the initial and future measurements of projects of this type, steps must be taken to control for errors in sampling and analysis by following these Standard Operating Procedures (SOPs) during each monitoring event.  

2.0 Standard Operating Procedures 

The purpose of this report is to document the procedures for measuring the amount of carbon in a project area.  The SOP should be used in conjunction with the Winrock International publication:  “A Guide to Monitoring Carbon Storage in Forestry and Agroforestry Projects” (MacDicken 1997, available at www.winrock.org).  The methods for quantifying carbon are not complicated but procedures must be strictly followed to insure the data collected is of high quality, with an acceptable level of precision, accuracy, and completeness. 

2.1 List of Equipment 
The tools for the field measuring work needs to be accurate, rugged, and durable to withstand the rigors of use under adverse conditions (Table 1).  They should also contribute to efficient planning, data collection, analysis, and reporting.  Anything less can result in higher labor costs, greater safety risks and unreliable carbon estimates. 

Table 1.  Equipment list for field work.
	Product
	Product

	Aluminum nails
	Folding saw

	Aluminum numbered tags
	GPS

	Altimeters--optional
	Hammers

	Backpack
	Metal iron bar (30 cm in length)

	Batteries (AA&9-volt)
	Permanent marker pens

	Brown paper bags (lunch sized) 
	Plastic marking tags (for labeling plot centers)

	Bulk density rings
	Plastic tarps (1 m2)—at least two

	Calculator
	PVC pipe & caps

	Clinometers--percent scale
	Sheet holder/clip boards

	Compass
	Shovel

	Cotton rags
	Soil probes

	DME (Distance Measuring Equipment)
	Soil sample bags (cloth preferred)

	Fiberglass meter tapes—100m & 30 m
	Stakes and machete

	Field vests
	Stapler

	First aid kit
	Steel diameter tapes

	Flagging tape
	1 kg, 300 g spring scales


2.2 General field procedures and crew management 

When implementing these procedures in the field, it is recommended that after the plots are established, that the field measurements be taken in the following order; this minimizes damage to the components to be measured.  

1) At the plot center collect GPS information

2) Sample the understory, fine litter, and soil

3) Begin measuring the trees.

Collecting the data in this order will cause the least damage to the component being measured and ensure efficiency of field measurements. 

SOP 1 Establishing plot locations

For monitoring multiple scattered sites, permanent sample plots should be established, located systematically among planting sites. Plots need to be assigned to properties based on their cohort class—recommended to be no more than a 2 year range.  As the plating will occur over 3-4 years, basically this means two sets of monitoring plots, one for each cohort class of 2 years. Each cohort class is considered a population and to reach the 7% targeted precision requires 92/107 plots bee established for each cohort class. The sites are combined into one population and plots designated systematically with a random start for each stratum based on the area per plot (see Table B-9 in report).  

For each planting site, plot location/s should be located at random.  A grid on an overhead transparency can be overlaid on a map of all sites to be planted in a given cohort.  The grid features numbers along each axis. The grid will be placed arbitrarily (at random) over the map—to ensure this, the transparency is designed to be bigger than the map itself so that the transparency and grid are not lined up with the map edges.  The plot/s are then located by selecting random numbers, one for each axis, and assigning a plot to the intersection of the selected axis coordinates.  In this way, each point on the map has an equal chance of being selected (thus, size of the grid is unimportant).  As the plots will eventually be about 5 m radius, the numbers along the axes should be scaled to be at least 10 m apart.

In the case of areas which comprise a number of small discrete, discontinuous planting areas, the grid should be overlaid on a map covering all of the planting areas, and random points assigned until one (or more, depending on the number of plots assigned to the property) falls within the targeted property area.

SOP 2 Plot establishment and numbering system

The following steps should be followed when establishing a permanent plot.  The crew chief should always keep in mind that someone will be returning to the same location during future inventories.  The crew chief should make the job of future inventory crews as easy as possible by marking the plot center, painting the stakes, and following the instructions for measurements in a systematic way.  

On occasion the permanent plot might fall in an area of mixed slopes.  One portion of the plot might be on level ground but another portion might fall on a hillside.  Because the plot radii are a function of slope (instructions for adjusting the plot radii for slope is given in SOP 4), it is important to establish the plot center in an area that is either on a slope or on level ground. The potential for error is too high to have a portion on sloping land and the other portion on level ground. Therefore, prior to establishing a plot center the crew chief should determine if any portion of the plot will be on a slope >10%.  If more than 50% of the permanent plot falls on a slope > 10% move the plot center so that the entire plot is located on the slope.  If more than 50% of the permanent plot is located on level ground, but the rest of the area is on a hillside (slope > 10%) move the plot center so that the entire plot will fall on level ground.  Occasions when this will occur will be rare but when it does, the above protocol should be followed.   

1) Mark the plot center with a permanent marker such as a 30 cm section of metal rebar (an iron bar) into the ground.  The rebar should be hammered until it is completely in the ground.  

2) Hammer a 1 m section of PVC pipe over the metal rebar.  It is important that the PVC pipe is hammered straight into the ground.  It should not lean to one side.  If there are rocks or other obstructions in the soil move the rebar and PVC to another nearby location (within 2 meters of the original location for the plot center).  Use a block of strong wood to cover the top of the PVC pipe when hammering it into the ground, to prevent the PVC from splitting.  At least 50 cm of the PVC should go into the ground.  

3) It is important that the plot be identified permanently for future monitoring.  The best way is to place a plot-numbered aluminum tag (soft aluminum or plastic tags can be used that can be engraved or written on with a permanent marker) inside the top of the pipe with a piece of wire, and a cap placed on top of the pipe to hold the tag in place.  In addition, wrap duct tape around the top of the pipe and use a permanent black marker to write the plot number on the duct-taped portion of the pipe.  

4) Plots should be given a unique number based on the following format: letter/number/three numbers.  

· The letter is one letter that describes the strata.  It is recommended that all the strata be given a unique letter before the field phase starts, and that the letter best describes the strata.  For example, use R for Robinia sites and P for poplar sites.

· The next number is a unique number to correspond to the strata—1, 2, 3, 4, etc.

· The last three numbers identify the specific plot within the strata and project area.  The last three digits start with 001 for the first strata, 00X for the second strata , 0XX for the next strata and so on.  All plots must be numbered uniquely after the first number for the strata.  For example, if all plots in strata 1 are numbered 1001 through 1020, then plots in strata 2 are numbered 2021 onwards; if all plots in strata 2 are numbered through 2104, then plots in strata 3 are numbered starting with 3105, etc.  The reason for this is that if after the field phase a plot is found to be in the wrong strata, the letter and strata number can be changed but the plot will still have a unique number based on the last three digits. 

· An example of plot numbers are: R1001 (Robinia, strata number 1, plot 001) and P2101 (poplar, strata number 1, plot 101).

SOP 3 Global Positioning System (GPS) setup

All permanent plots that are established must have GPS coordinates to insure the plot can be relocated in future inventories.  The GPS settings must be the same for all data collection.  The following describes the settings and steps for collecting GPS data in permanent plot centers.  

1) Put the GPS antenna over the plot center and begin recording data. 

2) The GPS should use the following settings:

a) The coordinate system should be UTM not Lat/Long (if possible)

b) The default datum commonly used is WGS-84 , but a more region-specific one can be used.   

c) Antenna height should be set to whatever the height of the antenna is on the tripod.

d) The data should be collected using metric units.

3) Let the GPS collect data for a few minutes before collecting a data file.  The GPS should already have a current almanac before starting any work.  The almanac file should be collected at least once a month.  Once the GPS has been tracking satellites for a few minutes, the crew chief can collect a data file.

4) If using a Geoexplorer II the crew chief must collect at least 120 position fixes.

5) If using a Geoexplorer III the crew chief needs to only collect 10 position fixes.

SOP 4 Measurement of trees in permanent plots

A single fixed radius plot will be used to measure trees in afforestation projects. The actual radius of the plot will vary by project type, and depends on the density of tree planting.  The choice of the plot radius is a function of the expected number of trees present as the forest matures.  We recommend that the plot radius should be such that only about 8-12 trees per plot are encompassed.  

1) The crew chief begins by pointing north and measuring the distance to the plot edge, and flagging a stake at the beginning point to direct the field crew where to begin taking dbh measurements. All trees will be measured at dbh.  All trees will be tagged with the placement of an aluminum numbered tag and nail (see SOP 5) at 5 cm below dbh; the dbh will then be measured at exactly 5 cm above the nail and aluminum tag.  Any deviations from this standard measurement will be noted on the field sheets.

2) When all of the trees in the plot have been measured, the crew chief must double-check to see that all of the trees have been measured and tagged.

Plots on ground with > 10% slope
If more than 50% of the permanent plot is on a slope >10%, move the plot center location so that the entire plot is on sloping land.  If more than 50% of the permanent plot is on a slope ≤10% move the plot center so that the entire plot is on level ground.  Use a clinometer to determine slope and record the slope on the field sheet in %.  It is important that this be recorded so that during the data analysis a correction factor can be applied to the carbon densities.  

If the permanent plot is located on a slope that is >10%, establish the plot as described above but record the slope on the plot sheet.  Adjustments in the area of the plot will have to be made back at the office when the calculations are done using the following formula: 

Ls = L / cos S

where Ls is the actual plot radius, S is the slope in degrees (convert % to degrees by reading the clinometer scale), cos is the cosine of the angle, expressed in decimal, taken from the back of the clinometer or from a table, and L is the standard plot radius.  For example, if the slope is 30 degrees, read the number off of the back of the clinometer for the cosine of 30, and the actual plot radius is 10/0.8660 or 11.5 m.  The actual area of the plot adjusted for slope is: 415 m^2.

SOP 5 Measuring dbh of trees

It is important that a dbh tape is used properly to insure consistency of measurements over time.  The definition of dbh varies among countries and systems of measurement.  For our purposes we will define dbh as 1.3 m above the ground.  

A numbered tag will be attached to all live trees.  Once the location of the dbh of the tree is decided upon (see next steps), a numbered tag is attached to the tree with an aluminum nail (use ONLY aluminum).  Do not insert the nail fully so that there is room for the tree to grow; insert it deep enough to hold the tag firmly.  All dbh measurements will be taken with the tape at 5 cm above dbh.  

1) Before any measurements take place a sturdy stick (at least 2 cm in diameter) should be cut to a length of exactly 1.3 m.  The measurement stick should not bend easily and could be taken from an area outside the planted property.  The measurement stick should be used during all dbh measurements. 

2) The field crew member taking the measurement should first place the measuring stick against the tree to indicate where the dbh should be taken.  Placement of the measuring stick depends on the slope of the ground as well as the tree's shape (Figure 1).

3) If the tree is forked at dbh, it is common to measure both forks and record as if it were two trees on the data sheet.  However, for many of the trees panted in the afforestation sites, they tend to branch low down and it does not make sense to treat these as two trees.  Use common sense is determining whether to measure forked trees as more than one—whatever the decision, a note must be made on the field sheets.

4) If the tree is abnormal at dbh, measure above the abnormality where the bole is of normal shape.

5) If the tree is fallen over but is still alive, then place the measuring stick towards the bottom and measure at dbh just like if the tree was standing upright.  Trees are considered alive if there are any green leaves present.  Even if there is only one or two green leaves present the tree is considered alive.

6) The steel diameter tape has a hook on the end.  Push the hook into the bark of the tree and pull the tape to the right.  The dbh tape should always start left and be pulled right around the tree.  Even if the person taking the measurement is left-handed.  

7) As the dbh tape wraps around the tree and returns to the hook the tape should be above the hook, as shown (Figure 2).  The tape should not come around the tree below the hook.  The tape should not be upside down; the numbers must be right side up.

8) The technician should take precautions not to bend the steel tape when measuring the tree.  The steel tapes are strong, but over time if they are repeatedly bent they become brittle and break.  The crew chief should remind the technician to handle the dbh tape with care.  When the technician reads the tape they should have the round portion of the tape in their right hand straight and off to one side of the tree.  They should not hold the steel tape itself, with the round portion hanging to one side.  The steel dbh tapes also rust easily.  The technician should have a cotton hand rag to wipe the tape if conditions are moist in the field.  

9) If the tree is leaning, the dbh tape must be wrapped according to the trees natural angle, not straight across parallel to the ground  (Figure 2).
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Figure 1.  DBH measurement locations for irregular and normally shaped trees.
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Figure 2.  Proper use of a dbh tape 

SOP 6 Boundary trees

Occasionally trees will be close to the border of the plots.  It is important to decide if a tree falls within the boundary of the plot or not.  The plots are relatively small and will be expanded to estimate biomass carbon on a per hectare basis.  It is therefore important to carefully decide if a tree is in or out of a plot.

1) Place the measuring tape directly by the center of the tree and take a reading of distance to the plot center.  If it is exactly on the border of the plot flip a coin to decide if it is in or out of the plot.  

2) If the tree is leaning (either towards the plot center or away) place the measuring tape at the center of the base of the tree where it enters the ground.  If it is exactly on the border flip a coin to decide if it is in or out.

SOP 7 Measuring standing dead wood

Standing dead trees should be measured according to the same criteria as live trees.  However, the measurements that are taken and the data that are recorded vary slightly from live trees.

1) If the standing dead tree contains branches and twigs and resembles a live tree (except for leaves) indicate this on the data sheet with a “1”.  Measure its dbh and its biomass will be estimated using the appropriate biomass regression equation as for live trees.  

2) If there are branches, but no twigs remaining on the standing dead tree classify as follows:

small and large branches only—indicate on data sheet with a “2”

large branches only—indicated on data sheet with a “3”

if there are no branches (Figure 3)—indicate on data sheet with a “4”

These codes will indicate the proportion of the biomass that will be subtracted from the total for the tree.  What constitutes a large or small branch is subjective; branches need to be classified in proportion to the size of the standing dead tree.  If the top of the standing dead tree is missing, measure height of the remaining stem with a clinometer and estimate top diameter –this can be done by estimating the ratio of the top diameter to the basal diameter as shown (Figure 3).
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Figure 3.   Standing dead tree measurement locations (a & b) if the main stem is broken.   Location (b) should be measured with a dbh tape, (a) should be estimated.  Total height (c) will be calculated with a clinometer.
3) All of the standing dead tree data will be converted to volume

4) Assign a density class (sound or intermediate); no rotten class here because it would not be standing in this state.  Record measurements on data sheet.  To determine what density class a dead tree fits into, strike with a machete.  If the machete does not sink into the piece (bounces off), classify it as sound.  If the machete sinks partly into the piece, and there has been some wood loss, classify it as intermediate.  Record on data sheet.

5) Representative wood samples should be collected from dead trees for density determination.  A minimum of a total of 10 samples of dead wood should be collected per density class—this will give a total number of 20 samples. 

6) Using a hand saw or a tree corer, remove a uniform sample from the selected dead tree.  Measure the dimensions of the sample for estimating its volume. The dimensions of the sample should be recorded on data sheet. The fresh weight of the disc does not have to be recorded.  

7) The sample should be placed in a paper bag; oven dried (80o C) to a constant weight.  

SOP 8 Measuring forest floor litter

Clip plots are aluminum sample frames of 50- 60 cm in diameter that are placed on the ground and will be used for sampling forest fine litter.  Four clipplots, one randomly located in each of the four N, E, S, and W sections of the plot will be sampled.  A random location will be selected with use of a watch with a second hand--a random number between 1 and 10 (based on the second hand [divided by 6 and rounded up to next whole number]) to give the distance in each of the four sections will be selected based on a second person's command.  For the bearing in each quadrat, the actual second hand reading times 6 will represent the bearing in that quadrat, adjusted by subtracting 15, 30, or 45 from the reading depending upon which quadrat of the watch face the second hand is located. For example, the command to stop could result in a second hand reading of 10 seconds—in this case the bearing is 60 degrees from the say the N direction and 2 m from the plot center (10 divided by 6 and rounded up).  In another example, the command to stop could result in a second hand reading of 38 seconds—in this case the distance is 7 m (38 divided by 6 and rounded up) and the bearing is 48 degrees from say the E direction. If the command to stop results in a reading of 0, 15, 30, or 45 seconds, then redo the selection as this would result in a bearing on directly N, E, S, or W. 

1) Place the clip plot frame on the ground.  All litter—leaves, fruits, small wood, etc.—that falls inside the clip plot frames should be collected, and placed in a sample bag and labeled accordingly.  

2) The litter will be returned to the laboratory and dried and weighed.

II SOP 9 Sampling soils

A soil corer of 30 cm in length or hand-dug pits of 30 cm in depth will work for sampling soils in the planted areas.  A soil corer may provide greater efficiency where soils are not excessively stony.

1) A total of four soil samples should be collected in each permanent plot at four randomly selected (initially) locations in the N, E, S, and W quadrats.  The exact distance from the center and bearing will be noted so that repeated samples can be collected from the same location.  Samples of soil will be collected at the exact locations of the clip plot frames, in the center of the frame (see SOP 8) after the soil surface is clear of all vegetation and litter.  

2) Soil samples should be collected from the 0-30 cm horizon. If the soil is too hard for the soil probe, dig a pit 30 cm deep at each sampling location. 

3) If a pit is dug, use the shovel to take a slice of soil from one of the walls of the soil pit.  The slice should be uniform throughout the 30 cm profile, i.e. an equal amount of soil should be collected from the first 15 cm as the last 15 cm.  Soil carbon usually decreases with depth, and if the slice collected contains more soil from the top of the pit versus the bottom the soil carbon estimate will be high. 

4) Place the soil samples on a plastic sheet and remove coarse fragments by sifting the soil through a 5 to 10 mm screen, then sieve through a 2 mm screen to remove organic fragments.  

5) Four soil samples will be collected.  Screen samples onto the plastic sheet and mix all of them together thoroughly to a uniform color and consistency; this mixing is very important and must be done thoroughly to make sure that a representative subsample is collected for analysis.. 

6) Place a sub-sample in a clearly labeled sample bag.  Approximately 50 grams of soil are needed for laboratory analysis. 

To convert total or organic carbon concentrations into total quantities, bulk density of soils is required. 

7) If using the soil probe, collect two additional soil samples from two of the four random locations in the plot and place both samples in one bag and label bag as being a sample for bulk density. If during the soil sampling work, you notice that the soils are different with respect to color and texture, then collect a sample for bulk density from each of the four locations in the plot and place in one sample bag, noting that four samples were collected.

8) If using the pits to sample soil, place the bulk density ring at the mid-point (at 15 cm depth) into the side of the pit.

9) Cover the ring with a piece of wood and hammer the ring into the side of the soil pit (avoid compacting the soil).  

10) When the ring is flush with the side of the soil pit dig the ring out, being careful not to drop any of the soil out of the ring.  

11) Place the soil contained in the bulk density ring into a sample bag and label. Repeat for the other locations and place the sample in the same bag as the first one.

II SOP 10 Analyses of soil and litter tissue samples

All samples collected in the field are placed in standard paper bags.  Soil samples for bulk density and carbon should be analyzed by a reputable laboratory.  Make sure that the lab follows standard procedures for such analyses, including the following key items.  Litter samples need to be dried only.

Bulk density

For bulk density samples, the sample should be dried at 105 C in a drying oven to constant weight.

Soil carbon

By definition, soil organic carbon is that which passes through a 2 mm sieve. The sample should not be oven dried for the carbon analysis, but only air dried; however the carbon concentration does need to be expressed on an over dry basis at 105 C.  The following steps are to be followed for analyzing the soil samples for carbon. 

1) Make sure the sample is well mixed 

2) The ratio of the oven dry weight to the air dried weight will be used to express the carbon concentration on an oven dry weight of soil basis.

3) It is preferred that the soil be analyzed using a carbon analyzer such as a Leco or other machine that determines the carbon in the soil by complete combustion in a stream of oxygen.  This method heats the soil sample to a very high temperature and oxidizes the carbon to carbon dioxide.

4) For quality control, replicate samples need to be analyzed for every batch of 20 samples; a standard material of known carbon concentration also needs to be analyzed in every batch of 20 samples.

Litter samples

Litter samples should be oven dried at 80o C (forced air is preferred) and dry to constant weight. 
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� There are five site productivity classes in Romania (I-V). The higher figure represents lower volume production.


� Mos, V. (1985) Studii şi cercetări privind extinderea bazei de materii prime destinate industrializării lemnului, pe baza analizei caracteristicilor de structură, fizico-mecanice şi tehnologice ale speciilor forestiere din ţară, cultivate în areal şi în afara arealului, Manuscris ICPIL, Bucuresti. 
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� A Price Size Curve shows the relationship between mean tree diameter or volume and price. 


� NFA external auditors are Elite Consulting S.A., Bucharest.


� M.S. (1987). Indrumari tehnice pentru compozitii, scheme si tehnologii de regenerare a padurilor (1). Bucuresti.


� M.S. (1988). Indrumari tehnice pentru reconstructia ecologica a padurilor. Bucuresti.







Page 1

_1084959561.xls
Baseline corrections

		Year		Carbon		Deductions for baseline				TOTAL		Fossil fuel consumed3				Emissions		NET

				(t C/yr)		Amorpha1		Vineyards/orchards/				Tilled/disk		Fuel		(t C/yr)

								arable2				(ha)		(liters)

		1		1,970								1,732		51,960		37		1,932

		2		5,389		1720		286		2,006		1,630		48,900		35		3,348

		3		9,374								1,700		51,000		37		9,337

		4		13,007								756		22,680		16		12,990

		5		15,121														15,121

		6		15,280														15,280

		7		18,156														18,156

		8		20,765														20,765

		9		23,062														23,062

		10		24,535														24,535

		11		25,313														25,313

		12		25,083														25,083

		13		19,503														19,503

		14		20,351														20,351

		15		21,286														21,286

		16		21,618														21,618

		TOTAL		279,811						2,006						125		277,680

		1Notes: Amorpha data are in report--only 200 ha of land to be afforested on island has this problem

		2 Notes: current land use of vineyards, orchards and arable only in Dolj County

		In year 1+2 plant 1,100 ha and in year 3+4 plant 1,000 ha in this county

		Based on data for this county, of the area to be afforested, 240 ha were in vineyards and orchards

		Assume 50-50 split between these two areas; the rest of the land is

		arable, where we assume zero t C/ha (ground is bare most of time).

		NOTE: all other lands to be afforested are either bare or covered with a sparse grass cover which is often found in

		Robinia stands after established.  If this understory is not measured (not recommended) then the net difference between before

		and after afforestation is practically zero

		3 Note:  Romanian tractor (UTB Brasov 650) consumes 22 liters of diesel for tilling and 8 liters for disking per ha; 1 tonne

		diesel = 1200 liters = 3.16 tonne of CO2 or 0.9 tonne of C.  All Robinia lands except those in Tulcea country (on slopes)

		will be prepared (3,091 ha) and all poplar lands (2,727 ha); no oak lands will be tilled/disked
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