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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) 
 Section C—Baseline Study and Monitoring Plan: Social Issues (led by Malina Voicu) 
 Section D—Baseline Study and Monitoring Plan: Biodiversity Issues (led by Vasiliy 

Kostyushin) 
 
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 



Baseline Report for Romanian Afforestation Project 

  Page 11 

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 class1 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 

                                                 
1 There are five site productivity classes in Romania (I-V). The higher figure represents lower volume production. 
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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 value2 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 tables3. 

                                                 
2 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.  
3 Giurgiu, V., Decei, J. and Armasecu. S., 1973: Biometria Arborilor Si Arboretelor Din Romania – Table 
Dendrometrice-. Editura “CERES”, Bucuresti. 
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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. 
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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) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
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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 (PSC4) 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.  
 

                                                 
4 A Price Size Curve shows the relationship between mean tree diameter or volume and price.  
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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$) 
 

IRR 2.04%     3.86% 
 

Project Timber Timber Carbon Adjusted Adjusted
Year Costs Revenues Cashflow NDR Revenues Cashflow NDR

1 2,440,000-             -                    2,440,000-       2,440,000-      22,743                2,417,257-        2,417,257-            
2 2,400,000-             -                    2,400,000-       2,285,714-      62,225                2,337,775-        2,226,452-            
3 2,430,600-             -                    2,430,600-       2,204,626-      108,239              2,322,361-        2,106,450-            
4 1,951,710-             -                    1,951,710-       1,685,960-      150,189              1,801,521-        1,556,221-            
5 358,808-                -                    358,808-          295,192-         174,597              184,211-           151,551-               
6 197,072-                16,270              182,429-          142,938-         186,738              4,309               3,376                   
7 123,077-                17,529              107,300-          80,069-           210,937              103,637           77,335                 
8 81,602-                  7,059                75,248-            53,478-           235,394              160,146           113,813               
9 5,046-                    379                   4,705-              3,184-             261,923              257,218           174,095               
10 5,046-                    -                    5,046-              3,253-             282,749              277,703           179,010               
11 5,046-                    -                    5,046-              3,098-             292,115              287,069           176,236               
12 5,046-                    -                    5,046-              2,950-             289,518              284,472           166,325               
13 5,046-                    71,593              59,388            33,069           275,726              335,113           186,604               
14 5,046-                    78,380              65,496            34,734           262,187              327,683           173,777               
15 5,046-                    32,799              24,473            12,361           256,660              281,134           141,992               
16 5,046-                    3,144                2,216-              1,066-             260,134              257,918           124,063               
17 5,046-                    -                    5,046-              2,312-             263,496              258,450           118,399               
18 5,046-                    8,971                3,028              1,321             267,061              270,088           117,839               
19 5,046-                    -                    5,046-              2,097-             274,854              269,808           112,111               
20 5,046-                    202,296             177,020          70,053           218,046              395,066           156,341               
21 5,046-                    215,780             189,156          71,291           217,786              406,942           153,372               
22 5,046-                    95,911              81,274            29,173           234,165              315,439           113,225               
23 5,046-                    9,035                3,085              1,055             253,007              256,092           87,545                 
24 5,046-                    -                    5,046-              1,643-             253,800              248,754           80,987                 
25 5,046-                    -                    5,046-              1,565-             252,939              247,893           76,864                 
26 5,046-                    -                    5,046-              1,490-             246,595              241,549           71,330                 
27 5,046-                    -                    5,046-              1,419-             236,917              231,871           65,212                 
28 5,046-                    -                    5,046-              1,352-             225,438              220,392           59,032                 
29 5,046-                    -                    5,046-              1,287-             213,871              208,825           53,270                 
30 5,046-                    18,455,086       16,604,532     4,034,010    764,093-             15,840,439    3,848,376            

Totals 10,093,880-           19,214,233       7,198,929       4,927,626-     5,725,956         12,924,885    1,827,405-            



Baseline Report for Romanian Afforestation Project 

  Page 20 

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 
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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 



Baseline Report for Romanian Afforestation Project 

  Page 22 

-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 
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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 
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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 

 

Altern ative    L an d  
U se

C o st o f 
In p u ts 

In crease

D ecrease 
in  C ro p  
Y ie ld s

P rice 
In crease 

10%

N P V  @  
5%  

(U S $/h a)

N P V  @  
7% 

(U S $/h a)

N P V  @  
3% 

(U S $/h a)
V in eyard N o N o N o -7,243 -5 ,958 -9 ,059

Y es N o N o -9,999 -8 ,031 -12,822
N o Y es N o -9,644 -7 ,676 -12,493
N o N o Y es -6,074 -4 ,997 -7 ,597
Y es Y es N o -12,400 -9 ,749 -16,256
Y es N o Y es -8,831 -7 ,070 -11,360
N o Y es Y es -8,715 -6 ,886 -11,375
Y es Y es Y es -11,472 -8 ,959 -15,138

W in ter W h eat N o N o N o -3,822 -3 ,144 -4 ,781
Y es N o N o -4,285 -3 ,493 -5 ,411
N o Y es N o -4,115 -3 ,363 -5 ,182
N o N o Y es -3,550 -2 ,920 -4 ,440
Y es Y es N o -4,578 -3 ,712 -5 ,813
Y es N o Y es -4,012 -3 ,268 -5 ,070
N o Y es Y es -3,872 -3 ,161 -4 ,882
Y es Y es Y es -4,334 -3 ,509 -5 ,512

M elo n N o N o N o -1,948 -1 ,602 -2 ,436
Y es N o N o -3,814 -3 ,005 -4 ,985
N o Y es N o -3,127 -2 ,488 -4 ,048
N o N o Y es -487 -401 -609
Y es Y es N o -4,994 -3 ,891 -6 ,597
Y es N o Y es -2,354 -1 ,804 -3 ,158
N o Y es Y es -1,784 -1 ,375 -2 ,382
Y es Y es Y es -3,651 -2 ,778 -4 ,931

P each  O rch ard N o N o N o -5,023 -4 ,132 -6 ,283
Y es N o N o -8,115 -6 ,449 -10,513
N o Y es N o -9,853 -7 ,684 -13,020
N o N o Y es -2,978 -2 ,450 -3 ,725
Y es Y es N o -12,944 -10,001 -17,250
Y es N o Y es -6,070 -4 ,767 -7 ,955
N o Y es Y es -8,291 -6 ,357 -11,136
Y es Y es Y es -11,382 -8 ,674 -15,365

M aize N o N o N o -1,972 -1 ,622 -2 ,466
Y es N o N o -2,457 -1 ,987 -3 ,128
N o Y es N o -2,672 -2 ,152 -3 ,414
N o N o Y es -1,495 -1 ,230 -1 ,870
Y es Y es N o -3,157 -2 ,518 -4 ,075
Y es N o Y es -1,980 -1 ,595 -2 ,531
N o Y es Y es -2,264 -1 ,813 -2 ,912
Y es Y es Y es -2,749 -2 ,178 -3 ,573

Note:   E xchange rate = 33,150 Lei / US $

C rops grow n for p ro ject life  - 30 y ears

  M ost likely  scenario
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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 accounts5 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 

 
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). 
 
 
                                                 
5 NFA external auditors are Elite Consulting S.A., Bucharest. 

Current Costs / Ha (US$)
Species Complete
Group % Area Establishment Year 1 Soil Prep

1 30% 923                    677              -                
2 20% 1,531                 617              -                
3 20% 3,001                 1,971           814                
4 10% 2,525                 2,159           970                
5 10% 1,752                 1,524           814                
6 10% 1,911                1,653         814              

Average (US$/Ha) 1,802               
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Table 15: Pro Forma for Regeneration Fund Year End Balance Calculation 

 
 
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. 

2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5

V o lu m e  H a r v e s te d  ( m il l io n  m 3 ) 1 2 .0 0 1 2 .0 0 1 2 .0 0 1 2 .0 0

A v e r a g e  C o s t  o f  R e g e n e r a t io n  ( $ /h a ) 1 ,8 0 2 1 ,8 0 2 1 ,8 0 2 1 ,8 0 2

R e g e n e r a t io n  A r e a  ( h a ) 1 3 ,0 0 0 1 3 ,0 0 0 1 3 ,0 0 0 1 3 ,0 0 0

A v e r a g e  T im b e r  P r ic e  ( U S $ /m 3 ) 1 4 .0 0 1 4 .0 0 1 4 .0 0 1 4 .0 0

F u n d  R e v e n u e  ( m il l io n  U S $ ) 3 3 .6 0 3 3 .6 0 3 3 .6 0 3 3 .6 0

P r o je c t C o s t  ( m il l io n  U S $ ) - 2 .4 4 - 2 .4 0 - 2 .4 3 - 1 .9 5

R e g e n e r a t io n  C o s t ( m il l io n  U S $ ) - 2 3 .4 3 - 2 3 .4 3 - 2 3 .4 3 - 2 3 .4 3
A f f o r e s ta t io n  -  3 5 0  h a - 0 .6 3 - 0 .6 3 - 0 .6 3 - 0 .6 3
T o ta l  C o s t  ( m il l io n  U S $ ) - 2 6 .5 0 - 2 6 .4 6 - 2 6 .4 9 - 2 6 .0 1

N e t  In r e a s e  /  D e c r e a s e  ( m il l io n  U S $ ) 7 .1 0 7 .1 4 7 .1 1 7 .5 9

O th e r  C o s ts  P a id  f r o m  F u n d  ( m il l io n  U S $ ) - 5 .8 6 - 5 .8 6 - 5 .8 6 - 5 .8 6

In c o m in g  B a la n c e  2 0 0 2  ( m il l io n  U S $ ) 1 6 .8 5

N e t  F u n d  B a la n c e  a t Y e a r  E n d  ( m il l io n  U S $ ) 1 8 .1 0 1 9 .3 9 2 0 .6 4 2 2 .3 8
( E xc lu d in g  in te r e s t)

Y e a r
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Table 16: Profit and Loss Account 1998-2001 NFA ($ million) 
 

 
 
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. 

NFA P&L 1998-2001
Profit and Loss

2001 2000 1999 1998
Revenue 204.20                  174.81                  157.17                  153.42                  
Costs 179.83                  161.17                  143.92                  142.64                  
Financial Revenue 3.73                      2.02                      1.32                      0.98                      
Financial Costs 0.30                      0.44                      0.97                      1.29                      
Exceptional Revenue 2.08                      2.02                      2.08                      1.47                      
Exceptional Costs 1.82                      2.10                      1.75                      4.52                      
Gross Profit 28.06                    15.14                    13.93                    7.42                      
Tax 6.54                      4.61                      5.78                      4.45                      
Net Profit 21.53                    10.53                  8.15                    2.96                     
Exchange Rate 31,428 25,994 18,253 11,614
PBT as % Revenue 14% 9% 9% 5%
PAT as % Revenue 11% 6% 5% 2%

Year
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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. 
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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. 
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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 
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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).   
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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.  
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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).  
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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 
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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. 
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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 
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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.  
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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 
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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. 
 

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

 
 
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 
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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 establishment6 and technical 
guidelines for ecological reconstruction7. 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. 

                                                 
6 M.S. (1987). Indrumari tehnice pentru compozitii, scheme si tehnologii de regenerare a padurilor (1). Bucuresti. 
7 M.S. (1988). Indrumari tehnice pentru reconstructia ecologica a padurilor. Bucuresti. 
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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 
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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 
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(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) 
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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 
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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. 
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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: 
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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: 
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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 
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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. 
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 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.   

o New field sheets should be used and compared against the original one.   
o During the re-measurements the key items to be checked are the location and 

measurement of the diameter of each tree in the plot. 
o 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. 

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

o 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 
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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. 
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 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. 
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C. BASELINE STUDY AND MONITORING PLAN: SOCIAL ISSUES 
 
I. Baseline Study of Social Issues 
 
I.1 Introduction 

The present study deals with the social issues related to the PCF Project Romania 
Afforestation of Degraded Agricultural Land. It continues the previous Social Assessment of the 
mentioned project, developing its main conclusions. The report brings information and insights 
on the situation in the communities affected by the afforestation of the areas new included in the 
Project. The present study also delves into several problematic aspects, such as the legal status of 
the ownership. 

The main goals of the present analysis are: 
1) to check the ownership status of the land proposed for afforestation in the localities 

included in the Baseline Study, 
2) to asses the social impact of curtailing illegal grazing, 
3) to check the three conditions imposed by the World Bank’s Involuntary Resettlement 

Safeguard Policies (the movement of the people, the loss of assets or of the access to 
the assets and the loss of income sources or of the means of livelihood), 

4) to predict what would happen with surrounding communities with and without the 
Project, focusing on several criteria. 

 
In order to predict the future evolution of the affected communities, several factors have 

been considered, which proved to be the most important. The first one is directly related to the 
social consequences, and it will be labeled further as the social impact: the creation of temporary 
or permanent new job opportunities in the area. These new job opportunities will have a direct 
impact on the level of the welfare of the local communities and of the poverty alleviation. 

 
The second factor is related more to the economic impact of the Project on the life of the 

local communities, but has important social outcomes. I will label it as the economic impact: it 
consists of the new economic opportunities provided by the afforestation in the area, like 
providing wood for furniture, for producing cellulose, matches, or as a fuel. The forest could also 
provide wild fruits and herbs which can be industrially processed, creating new economic 
opportunities in the region. 

 
The third factor used in building the social scenario of the Project impact is represented 

by the effects of afforestation on the quality of life at the level of local communities. Thus, the 
presence of the new forest can contribute to combating drought with effects on decreasing 
morbidity and improving the quality of drinking water. 

 
The previous report - Romania Afforestation of Degraded Agricultural Land: Social 

Assessment – provides some useful information for the present analysis. I will briefly mention 
here its main conclusions: 

1. The main beneficiaries of job creation will be the poorest people, who do not own any 
agricultural land. These are not only the poorest people of the communities located in the 
neighboring area, but also people living in other counties and who are usually working in these 
kinds of jobs. Only in Vaslui County will the main beneficiary of job creation be the local 
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community. Because of the poverty in the area, people from the local communities consider the 
working places creation as a big benefit for them and for their community. 

2. Generally speaking, the local communities are not interested in the land that will be 
afforested. Only in two cases do the local communities seem to be interested in this land, in 
Orlea – Olt County and in Berteşti – Brăila County. 

3. The location of the plots of land is not blocking the peoples’ access to their own 
agricultural land, in the investigated communities. In many cases the lands that will be afforested 
are located at a great distance from the villages (4-10 km in average).  

4. There is an unpredicted risk for the project: the stealing of the seedlings by the local 
population. This risk is higher in Ocolna (near Dăbuleni in the Dolj County) because of larger 
poor gypsy community living near the lands proposed for afforestation. 

5. The project involves many social benefits for the local communities. The main benefit 
is the solving of problems like: soils aridness (in South Eastern areas), landsliding (in Galaţi), 
and drought (in all the areas). In this way the project directly helps life quality improvement and 
economic situation improvement. On the other hand, in Vaslui County the main benefit to the 
local communities is the job creation in the area, the Project contributing in this way to the 
poverty alleviation. 

6. The local communities agree with the idea of afforestation even if they do not know 
about the PCF project. There is a special support for afforestation in the South Eastern region for 
two reasons. First, people are aware that the afforestation will stop sand spreading and soil 
degradation. Second, they believe that a forest can stop the negative effects of the nuclear 
pollution caused by the Bulgarian nuclear plat from Koslodui. 

7. The procedure used in afforestation decision making and in choosing the plots of land 
for afforestation does not take into account the willingness of the local community. The villagers 
were not informed about the afforestation decision. 

8. The project does not violate the World Bank Safeguard Policies on social aspects. 
 
The above statements, together with the new findings reported in the present assessment, 

will provide the base source for designing the Monitoring Plan on social aspects for the Project. 
 
For the present report, several localities were investigated: Ianca, Orela and Grojdibodu 

located in Olt County, Dăbuleni, Călăraşi and Măceşu de Jos located in Dolj County and 
Stăncuţa located in Brăila County. After a description of the investigation methods, the analysis 
focuses on the social aspects of the afforestation Project for each community. The specific and 
common issues are emphasized, following a structure imposed by the main goals of the present 
report as mentioned above. General conclusions and recommendations based on both reports (the 
Social Assessment and the Baseline Study: Social Issues) are drawn at the end of the present 
report. 

 
I.2 Research methods 

 
Due to the fact that the research is an exploratory one and that the report should 

qualitatively predict the social impact of the project, the most suitable research methods are the 
qualitative ones. Therefore, I have chosen to carry out several case studies in some selected 
communities affected by the afforestation. The basic research methods used in investigation are: 
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- Semi-structured interviews with relevant actors (the semi-structured interview is a 
qualitative investigation tool consisting in a brief discussion with the investigated 
person. The interview operator proposes just a few interest themes, the order and 
the structure of the discussion being imposed by the natural logic of the 
conversation. The interviewed person is free to talk in its own logic about the 
suggested topics, while the investigator resumes its interventions to impose the 
limits of the discussion and to ask further information when needed.) 

- Participatory observation (This represents another qualitative tool. The 
investigator tries to became part of the observed community / process/ 
phenomenon and simply notes its features, trying not to interfere into the natural 
logic of the observed subject.) 

- The social documents analysis (like the NFA documentation, statistical data about 
the investigated communities, newspapers edited at the level of the local 
community) 

In order to obtain an accurate image of the social impact of the afforestation on each of 
the investigated communities, I have discussed with several local stakeholders – directly or 
indirectly affected by the Project implementation. For each community, the following persons 
were contacted: 

 the local representative of the NFA which is in charge with the afforestation work  
 the Mayor of the commune or the Secretary of the Townhall 
 local community representatives: 

1. informal leaders that can influence the opinions and attitudes of villagers 
2. shepherds 
3. persons who will have a more difficult access to their own agricultural 

land after the afforestation 
4. other villagers. 

 
The investigation focused on several directions: 

- commune socio-economic and demographic characteristics; 
- status and situation of the agricultural land (ownership status, type of agricultural 

land according to its present use, quality of the soil); 
- location of the land proposed for afforestation; 
- problems related to the grazing field (surface, quality, location); 
- available working force in the commune; 
- special problems created by pollution, climate, degraded soils; 
- potential job losing which could appear as a result of the afforestation; 
- infrastructure in the commune (road, running water, sewerage) which allowed or 

not the development of an industrial activity; 
- the way in which the wood is generally used in the area. 
 

Two types of local communities have been included in the report: 
 communes that were not investigated during the first social assessment: 

Grojdibodu in Olt County, Călăraşi and Măceşu de Jos in Dolj County and 
Stăncuţa in Brăila County. The supplementary investigation of these localities 
gives us a more accurate image about the social impact of the Project on the 
surrounding area; 
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 communes previously investigated, in which there were identified some 
problematic issues, potentially endangering the Project implementation: Orlea and 
–indirectly – Berteşti, in which the first social assessment have signaled some 
problems related with the ownership status of the land and with the local support 
for afforestation of some plots. 
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Map 6. Location of the communes affected by the afforestation Project  
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I.3 Investigation results: Olt area 
The area that will be afforested in Olt County is located in Orlea, Ianca and 

Grojdibodu communes, in the Southern part of the county. This area, located near the 
Danube, is affected by the drought in the summer and a significant part of the soil is sandy 
soil. The main economic activity of the villagers from the area is agriculture. Even if most of 
the people are cultivating corn and wheat, the most profitable “business” is to produce 
tomatoes and watermelons. Therefore, the tomatoes’ and watermelons’ production assures a 
quite high level of economic welfare in the area, especially for Ianca and Grojdibodu 
inhabitants. The employment in industrial activities is quite low, due to the economic decline 
of the industry from Corabia town (the nearest urban area). Thus, the number of people who 
are commuting is quite low, compared to the communist period, and the number of the 
salaried employees is small too. The services sector is low developed, as there is no demand 
for them in the area (the typical life-style in the area promote the autarchy as organizing 
principle of the society). 

Map 7. Olt county: communes affected by afforestation 
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Even if agriculture is a quite profitable “business”, the quality of soils is, in many 

cases, low. In the Southern part of the area, the agricultural land was obtained by the draining 
of the former Potelu Lake at the beginning of the 1970s. Thus, some plots of land are fertile 
soils (those which have formed the former bottom of the Potelu Lake), while other plot are 
unfertile, because in the past they have formed the sand banks. Generally speaking, the plots 
with “higher” elevations are more affected by the desertification process, than those with low 
elevations, because the wind is spreading the sand especially of the higher lands. The most 
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part of the fertile soils are located in the North extremity of the areas, for all the communes, 
to a quite long distance from the inhabited areas (about 10-15 km from the villages). 

The land located on the former Potelu Lake is owned by the state and administrated 
by the SDA. The manager of the main part of land is CORIAS Corbia (the former IAS 
Corabia). After 1989, the local communities from the region have claimed some plots of 
CORIAS’s land in order to solve the problem of the land restitution to the former individual 
owners and the problem of the commune’s grazing field. For the time being, most of the local 
communities’ requests for land restitution are solved, because CORIAS has given to the 
Local Councils some plots of land, in order to be used as grazing fields. Even if they are low 
quality grazing fields, these fields have the advantage of being grouped together and 
separated from the agricultural land by the adductor channels which are part of the local 
irrigation system. In this context, all the animals of the same commune are grazing together 
in the same place and the danger of affecting the neighborhood culture is avoided. 

 
Illegal grazing in the area. As I have pointed out before, illegal grazing is less 

probable, as long as the sheep are isolated on their grazing fields during the springtime and 
during the summer. In Grojdibodu and Ianca the Local Council have organized different 
grazing fields for sheep and cows. The sheep rest from spring to the end of the summer in 
sheepfolds and this fact also reduces the probability of illegal grazing. The cows have a 
different grazing field and they are strictly controlled by the people in charge with the 
grazing. As a consequence, cows’ illegal grazing is only an isolated and accidental 
phenomenon. 

 
Legal status of the land. In most of the cases, the ownership titles for the agricultural 

land are not distributed in the area. However, no one claims the land proposed for 
afforestation. This land is now in the administration of SDA but it will be transferred to NFA 
as soon as possible. At the local community level, no one is interested to take the land 
proposed for afforestation mainly because it is a sandy soil, unsuitable for agricultural use. 
On the other hand, this land is located near the dam (the dam is built between the Danube and 
the agricultural land), far away from the villages. In fact, it constitutes a kind of barrier 
between the agricultural terrains, exploit in the majority by CORIAS Corabia, and the 
Danube. After the first social assessment of the Project, the list of plots of land was reviewed 
and the plots located in the immediate nearby of the Orlea village were excluded from the 
afforestation. Therefore, the potential conflict between Orlea Local Council and The NFA 
was solved. One can say that the problems related to the legal status of the land were solved 
in this area. 

 
Involuntary Resettlement Safeguard Policies of the World Bank.  
(1) Movement of the people. As far as the plots of land proposed for afforestation 

are located far away from the inhabited area (parallel with the Danube, near the dam, in the 
case of Orlea and Grojdibodu, and at the edge of the main adductor channel, in the case of 
Ianca), implementation of the Project does not produce any resettlement or involuntary loss 
of shelter for the inhabitants of the area. The surfaces proposed for afforestation are located 
quite far from the villages (more than 5 km) in an uninhabited area. Thus, this requirement of 
Word Bank policies is not violated in the case of Olt area. 

None of the inhabitants of the area will have to move from the locality or change the 
location of their dwelling. In the medium to long run, people will live in the same places and 
will exploit the same agricultural lands, located mainly in the Northern part of the area, not in 
the Southern where the Project will be developed. In this context, the villagers’ lives and 
activities will not have any impact on carbon sequestration. 
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(2) Loss of assets or access to assets. As I have pointed out before, the land 

proposed for afforestation is owned by the state and presently administrated by SDA. By the 
transfer of the land to NFA, the land will remain the property of the same owner, the state. 
No individual owner will lose ownership as a result of the afforestation. Moreover, in the 
context of land restitution in Romania after 1989, no individual owner is interested in taking 
this land, because is an unproductive sandy soil. 

On the other hand, the location of the land, parallel either with the Danube or with the 
main adductor channel in Ianca, does not block the access of the villagers to their agricultural 
lands. Therefore, the implementation of the Project will not determine the loss of assets or 
will not block the access of the villagers to theirs assets, in this case the agricultural lands. 

 
(3) Loss of income sources or means of livelihood. As I have shown before, the 

afforestation Project will not affect the access of the villagers to theirs main sources of 
incomes – the agricultural land. On the other hand, the land is now managed by CORIAS 
Corabia (the former IAS Corabia) and according to the chief engineer of the enterprise they 
are not using the sandy soils proposed for afforestation because they have a very low 
productivity and is not profitably to cultivate them. Therefore, the enterprise does not employ 
people to work on the plots of land proposed for afforestation. In this context, the transfer of 
the land from SDA to NFA will not produce any dismissal, as long as no one is in charge 
with the work of those surfaces. Moreover, the managers of CORIAS are willing to transfer 
the land to NFA, because they have to pay leasing to SDA for all the land, even if is 
unproductive. Consequently, the Project will not determine the loss of income sources for the 
people in the area. Furthermore, it is quite probable that the NFA will employ a new forester 
in order to manage and protect the new afforested area. 

 
Predicting social effects. 
(1) Social impact. As the local representatives of the NFA point out, in the Olt 

area afforestation will be conducted by people from the Project area. Therefore, the Project 
will create some job opportunities for the villagers on the short and medium term. This will 
bring, especially for the poor people from the area, the opportunity to improve a little bit their 
economic condition. 

Unfortunately, the low quality of the soil will not allow for the production of large 
trees that can be used in the furniture industry. In addition, according to the local NFA 
representatives, in the forests from Olt County there are no wild fruits or herbs, which could 
be collected and processed. From this point of view the Project will not offer the opportunity 
of development of new industrial units. 

 
(2) Economic impact. The main impact on the economic domain of the Project is 

in the agriculture production. The afforestation will stop the desertification process, by 
impeding the spread of the sand by the wind, and will help reduce drought by changing the 
climate. Both mentioned processes will improve agricultural production in the area. 
Therefore, no other plots of land will be affected by the sand and the drought combat will 
contribute to increasing agricultural productivity and to decreasing the cost of production for 
the crops. One can say that the agricultural area will, at least, remain the same on the medium 
and long term, and the productivity and the profitability of the crops will increase. All these 
factors will determine an increasing in the welfare of the local community, having direct 
impact on the life of villagers.  

However, this improvement will affect mostly those people who have agricultural 
land and who are cultivating it. Thus, increasing land productivity and profitability will have 
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an impact on the life of the middle class of the villages, while the creation of temporary jobs 
will have a good effect on the economic status of the low class of the villages, because those 
people who are working as daily employees are mainly the poorest people from communes. 

 
(3) The impact on the quality of life. The afforestation could re-change the 

climate in the area. The drainage of the former Potelu Lake has changed the precipitation 
regime in Southern Oltenia. Therefore, the drought has affected the area and it had a bad 
impact on the life of the villagers. According to the local authorities, the morbidity has 
increased in the region and the quality and quantity of drinking water were affected. The 
drought reduction will have a good impact on the villagers’ life. The number of diseases 
caused by the dry and hot weather would decrease and quality of drinking water will improve 
on the medium and long term, if the drought is reducted. 

Consequently, the existence of a new forest in the area would have a positive impact 
on the life of local communities. The economic situation of the villagers can improved as a 
result of new job opportunity creation and as a result of the agricultural productivity 
increasing. The apparition of new temporary employment opportunities can help the 
improvement of the economic situation of the poor people in the area, those who do not have 
their own agricultural land. The increasing of the agricultural productivity can help to 
improve the economic status of the middle class in the area.  

In the absence of the afforestation the main effect will be the degradation of the 
agricultural land due to the desertification process. The agricultural productivity will decrease 
and the agricultural cultivation will be more expensive. Another effect will be the 
perpetuation of the drought and of its bad effect on the quality of life – a higher number of 
deasers caused by the dry and hot climate and by the low quality of drinking water. 

 
I.4 Investigation results: Dolj area 
 

The land proposed for afforestation in Dolj County is located in the Southern part of 
the county, on the surface of four communes: Dăbuleni, Călăraşi, Măceşu de Jos and Sadova. 

From the socio-economic point of view, Dăbuleni and Cărăraşi presents many 
similarities. Even if they are strongly affected by the desertification process, they are more 
prosperous than the other two localities (Sadova and Măceşu de Jos). Villagers from Călăraşi 
and Dăbuleni are cultivating tomatoes and watermelons and this is a very profitably business. 
Moreover, Dăbuleni is the biggest commune in Romania (having 15.000 inhabitants) and 
Călăraşi is also a quite big commune, with 6.700 inhabitants. The level of economic welfare 
is very high compared to others Romanian rural areas. The main reason of this welfare is the 
watermelons. The yearly net profit for one hectare cultivated with watermelons varies 
between 1600 USD and 3000 USD. One can mention that one hectare cultivated with wheat 
or with corn, in other rural areas, do not produce almost any profit and in some years the 
farmers do not recuperate the invested money. 
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Map 8. Dolj county: communes affected by afforestation 
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The main problems of Dăbuleni and Călăraşi people are the sand and the drought. The 

sand affects the fertile agricultural land, and the drought affects in the same time the people 
and the crops. In order to obtain such a good productions of tomatoes and watermelons, the 
villagers should invest a lot of money in irrigation. The sand affects mainly the plots of land 
located around the communes, while the good agricultural land is located at 10-20 km 
distance, in the north of each village. 

Măceşu de Jos and Sadova have a totally different economic and social situation. 
Sadova is a commune mainly inhabited by gypsy population. Most of these people are quite 
poor and they do not have any agricultural land. In many cases, their main sources of income 
are the daily working and the thievery (including the theft of seedling in order to sell it on the 
black market). 

Măceşu de Jos is a small commune, with 1700 inhabitants, and with a quite aged 
population. Here, like in Dăbuleni and Călăraşi, too, the soil is sandy and the drought affects 
people and corps during the summer. While in Dăbuleni and Călăraşi the good agricultural 
land is not enough and the farmers are leasing land from the former IAS, in Măceşu many 
plots of land remain uncultivated, because people are old and they do not have money to 
invest in the agriculture. 

 
Illegal grazing in the area. From the point of view of the grazing land the situation is 

also different in Călăraşi and Dăbuleni, compared to Măceşu de Jos and Sadova. Dăbuleni 
has a quite large area of grazing land (see Romania Afforestation of Degraded Agricultural 
Land - Social Assessment, World Bank, 2002), but of low quality. 12% out of the agricultural 
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surface is covered by grazing land, but most of this land is composed of sandy soils with a 
low productivity. According to the Secretary of the Călăraşi Townhall, the commune has only 
218 ha of grazing land, which is not enough for the necessities. The main village – Călăraşi – 
has no grazing land for cows, only for sheep. Each owner has to feed its cows and many 
villagers use to cultivate green crop on the agricultural land. In order to solve this problem, 
the villagers have signed an agreement with the local representative of NFA for grazing in 
one forest located in the Southern part of the commune. However, in spite of the problems 
generated by the quality or by the quantity of the grazing land, in this area the problems of 
the illegal grazing are only accidentally. People realize the importance of the forest for their 
lives and generally respect the forest and the rules imposed by the Forestry Code. 

As I have showed before, Măceşu de Jos has some plots of land which are not used 
for agriculture. Therefore, the commune has more than enough grazing land, because these 
uncultivated plots can be used for grazing, too. The regular grazing land is composed by two 
uses, one for cows located near the village, and the other for sheep, situated near the Danube, 
quite far from the village. Usually, the shepherds are going with the herds at the grazing place 
in the springtime and are coming back in the autumn. During the summer the sheep are 
isolated near the Danube and they do not represent a danger for the other cultures. 

The poor commune of Sadova presents a very simple situation from the grazing point 
of view, as the villagers have very few cattle.  

 
Legal status of the land. In Dăbuleni the land proposed for afforestation is 

administrated in part by the NFA and in parts by the SDA. The manager of land 
administrated by the SDA is the former IAS. Generally speaking there are no problems 
related to the legal status of the land, because the plots proposed for afforestation are mainly 
sandy soils and the former owner do not want to take back this kind of land. However, in 
Dăbuleni the distribution of the ownership titles for the agricultural land is not finished yet 
because in many cases the land of the former individual owners is now in the administration 
of the SDA and is managed by the former IAS and by the Research Station for the Culture of 
Crops on Sand. The former owners refuse to receive some sandy soils as a compensation for 
their ownership. In this context, the ownership situation is not clarify yet in Dăbuleni, but this 
fact do not affect the status of the land proposed for afforestation, as long as no one want to 
take the sandy soil, which was transferred from the SDA to NFA. 

In Călăraşi the situation is different. All the land proposed for afforestation is 
managed by the Research Station for the Culture of Crops on Sand. The former owners of 
this land are people who are living in Dăbuleni, not in Călăraşi. According to the Secretary of 
the Townhall, in Călăraşi the restitution of the former proprieties is finished now and people 
do not claim the land proposed for afforestation. On the other hand, this land is also a sandy 
land, and individual owners are not willing to take this kind of land which has a quite low 
agricultural productivity. 

In Măceşu de Jos the land proposed for afforestation is located on the surface of the 
former Nedeia Lake, which was drained during the 1960s. The former IAS Măceşu de Jos has 
been established on the surface of the former lake, after draining. Therefore, there is no 
person who claims their ownership status over that surface. 

 
Involuntary Resettlement Safeguard Policies of the World Bank. 
(1) Movement of the people. In all the three cases included in this analysis, the 

afforestation Project does not involve the relocation or the loss of shelter for anyone. The 
Project will be developed on the surfaces of degraded agricultural land, located outside of the 
inhabited area of the villages. In Dăbuleni and Călăraşi the land included in the Project is 
located near the villages, in the North part of them. In fact, the plots of land that will be 
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afforested are located in between the villages and the good agricultural plots, which are used 
by the villagers for the culture of the corps. However, as long as these lands are not good for 
the agricultural exploitation and are not used by villagers, there is no problem in their 
afforestation. In the Măceşu de Jos case, the plots included in the Project are located far away 
from the villages, near the Danube. The area proposed for afforestation is not inhabited and 
there will be no loss of shelter as a result of afforestation. 
 

(2) Loss of assets or access to assets. As I have pointed out before, no one is 
interested in using this land in all the analyzed cases (Dăbuleni, Călăraşi and Măceşu de Jos). 
In all the cases the land is a degraded one, full of sand and with low agricultural productivity. 
Moreover, the land is not use in the agricultural circuit. Thus, the villagers do not loose any 
assets. In the case of Dăbuleni and Călăraşi, as I have mentioned, the land is located in 
between the villages and the good agricultural plots, but the villagers are not affected and do 
not loose the access to their plots: the existing roads will be kept after the afforestation and 
they will have to go the same distance in order to work their land like they have to do right 
now. In the case of Măceşu de Jos the new forest will be added to an old forest. The forest, 
situated at around 7 km from the village, is located in between the village (Măceşu de Jos) 
and the grazing field for the sheep. The sheep are staying in this area from the springtime to 
the autumn. Therefore, the afforestation will not affect the access of the animals to the 
grazing field, as they are not moving daily to/from the grazing field, but only once every 
year. Moreover, the afforestation plan does not intend to destroy the existing road between 
the grazing field and the village. One can say that the afforestation does not affect the access 
of the people to their assets. 
 

(3) Loss of income sources or means of livelihood. In Dăbuleni and Călăraşi the 
land proposed for afforestation is presently administrated by the former IAS Dăbuleni and by 
the Research Station for the Culture of Corps on Sand. Almost all these plots are sandy soils 
and are used for agricultural production. Therefore, no one is using these surfaces in order to 
earn money, because they have a quite low agricultural productivity. Moreover, as in 
CORIAS Corabia case, both societies which are managing the land, do not afford to employ 
people to work on the sandy unprofitable soil. In this context, the development of the project 
will affect neither the agricultural production, nor the level of employment in the area. In 
Măceşu de Jos the situation is quite the same. The former IAS, which is now the 
administrator of the land, does not use this land for agricultural production. Thus, one can say 
that the afforestation in Dolj area will not generate any dismissal or loss of income sources 
for the local population. 
 
 

Predicting social effects. 
(1) Social impact. According to the local representatives of the NFA, in Dolj area the 

afforestation work is done mainly by the organized teams. These teams are composed by 
people who are living in other counties (for instance in Vâlcea, Argeş or Vrancea). The local 
inhabitants will not work in afforestation. The main reason is the quite higher level of 
economic welfare in the area. Here people do not need to work as daily workers in order to 
survive, like in Vaslui area (see also Romania Afforestation of Degraded Agricultural Land - 
Social Assessment, World Bank, 2002). On the other hand, in springtime the properly time for 
afforestation is quite the same with that of the time of the agricultural work. Thus, people in 
Dăbuleni and Călăraşi prefer to work on their own agricultural land, which could be very 
profitable, instead to be involved in the afforestation work. In this context, the creation of 
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new job opportunities does not represent a gain for the local community. It is only a gain for 
the organized teams who are working in afforestation in many different areas of the country. 
 

(2) Economic impact. The forest planted on the sandy soils does not produce wood 
suitable for industrial processing for furniture production. This wood can be used only for 
firewood. On the other hand, due to the drought, in the forests of Dolj area there are no wild 
fruits and of herbs. Thus, there is no opportunity to exploit the wild fruits and to process 
them. Moreover, Dăbuleni, Călăraşi and Măceşu de Jos do not have an infrastructure which 
allowed the industrial activities (like railways, running water, sewerage and so on). The 
afforestation in the area will not generate any industrial development of the region.  

However, the main impact of the Project is in the economic area. The afforestation 
will contribute to combating drought and will reduce the effect of desertification. Therefore, 
the drought reduction will decrease the cost of production for watermelons and tomatoes, 
contributing in this way at the increasing of the profitability. On the other side, the new forest 
will stop the spread of the sand and will help to protect the good agricultural soil against 
desertification. In this way the good agricultural surface will remain, at least, the same and 
the quality of the soil will not be affected by the sand and drought. Like in Olt case, this fact 
will have a direct impact on the economic situation of the land owners, who will improve 
their economic status as a result of the improvement of the working condition and of the cost 
reduction for the agricultural works. 
 

(3) The impact on the quality of life. The drainage of the former Nedeia Lake and 
the clearing of the local forest, in the period 1968-1970, have changed the precipitation 
regime in the southern part of Dolj County. Therefore, the drought has affected the area and it 
had a negative impact on the life of the villagers. The morbidity has increased in the region 
and the quality and quantity of drinking water were affected. Moreover, the morbidity in the 
area has increased also due to the nuclear pollution produced by the Bulgarian nuclear plant 
located in Koslodiu, not far from the Dolj area. The afforestation will change the climate in 
the area. The drought reduction will have a good impact on the villagers’ life. The number of 
the diseases caused by the dry and hot weather will decrease and quality of drinking water 
will improve on the medium and long term.  

 
The main impact of the afforestation in Dolj area will be the combating of 

desertification and drought. Project will help the local communities to improve the quality of 
their agricultural land and to decrease the production’s cost for the crops. The direct impact 
on the life of the villagers will be the improvement of the economic status of the individual 
land owners. On the other hand, the drought reduction will contribute to the reduction of the 
morbidity in the area. In the absence of afforestation the wind will continue to spread the 
sand over the good agricultural land, directly affecting the land’s productivity and the 
economic status of the people from the area. Moreover, the drought will continue to affect the 
peoples’ life and the economic status of the area. 

 
I.5 Investigation results: Brăila area 

The land proposed for afforestation in Brăila County is located in 3 regions: 
 The first region is situated in the Brăila islands (Small Brăila Islands). The future 

forest will be placed on two islands – Ostrovul Chiorului (area known as Small 
Island of Brăila) and Ostrovul Crăcănel. The communes located in this area are: 
Berteştii de Jos, Stăncuţa and Tufeşti. 

 The second area in which the afforestation will be done is in the region of 
Tichileşti commune. Here the land is positioned near the Danube. 
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 The third location of the future forest is in the area of Însurăţei Town. Here the 
future forests are spread over many plots, all of them located quite far from 
Însurăţei (the distance is around 8 km to each plots). 

According to the local representative of the NFA, in Tichileşti and Însurăţei the main 
problem of the project is represented by the small dimension of each plot proposed for 
afforestation. Therefore, the NFA cannot afforest such small surfaces (2 ha or less) because it 
is very difficult to guard them. Due to this problem, the local representatives of the NFA have 
refused to sign the protocol for the transfer of the land from the SDA administration to NFA 
administration. In this case, it is not so clear if the afforestation will be done exactly on the 
proposed plots as long as NFA refuse to sign the protocol. However, the land from Tichileşti 
and Însurăţei was included in the Project, even if the local representative of the NFA 
considered it as unfitted for afforestation. 

Map 9. Brăila county: communes affected by afforestation 
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Map 10. Stăncuţa Area – Brăila County 
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The present analysis is focused on the first area proposed for afforestation, because here 

the afforestation work has begun and there are special problems related with the grazing and with 
the grazing fields. This area affects the surface of Berteştii de Jos Commune, Stăncuţa Commune 
and Tufeşti Commune. The main focus of the analysis in this report is on Stăncuţa situation. 

Betreştii de Jos, Stăncuţa and Tufeşti are located in the Eastern part of Brăila County, 
near the Danube. Tufeşti has a direct road of access to Brăila City, while Berteşti and Stăncuţa 
are quite isolated. However, there is a direct daily bus connection between Brăila and Stăncuţa. 
This fact has allowed commuting from Stăncuţa to Brăila especially during the communist 
period. At that time, around 100 people from Stăncuţa worked in Brăila, but after 1992, due to 
the economic decline of the industry in Brăila many of them became unemployed.  

During the communist period, many villagers worked in Brăila or at the former IAS and 
for the oil exploitation. Now the commuting is much reduced, the former IAS was disestablished 
and the oil exploitation employs only few people. The main economic activity in the commune is 
agriculture and animal breeding. Especially the last one seems to be very profitable. In Stăncuţa, 
there are some individual owners who have more than 100 cows, 250 pigs and so on. There are 
around 1081 cows, 5200 sheep, 550 goats officially declared in Stăncuţa (the exact number of 
pigs is not known, but they could be more than 3 thousands). People used to send their animals to 
graze in a semi-wild standing on the Ostrovul Crăcănel (one of the Danube’s island) and they do 
not declare these animals to the Townhall. One indicator for the profitability of the animals’ 
breeding in the area is the establishment of one dairy farm, which is processing the milk products 
of the cows from Stăncuţa) in one village of the commune – Cuza Vodă. In fact, people from 
Stăncuţa have illegal farms of animals. The business is quite profitable as long as they graze their 
animals on Danube’s island almost for free (the annual fee is of 2 USD for each animal and is 
paid to SDA or to NFA) and they do not pay any taxes for selling the animals. The villagers label 
the owners of large herds as “animals’ business men”. 

The average dimension of the plots of land owned by a household in Stăncuţa is about 0.5 
ha (according to the Secretary of the Townhall; however, the size could be underestimate, but it 
seems that it is not bigger than 1 ha), less than the national average dimension 1.5 – 2 ha. The 
former IAS was established on the land of the former gentry, who had owned almost all the land 
in the area. After 1990 the villagers have received 0.5 ha of land as a compensation for their 
work on the former CAP and IAS. The former gentry have received only 10 ha from his 
ownership and one year ago has demand other 40 ha according to a new law of the land 
ownership. The rest of the land is owned now by the state and is administrated by the SDA. 
Some plots of land are granted to one Syrian private entrepreneur, who is using the land as rice 
fields. The status of the rest of the land is not clear. The former IAS was disestablished and it 
seems that no one is the official manager of the land. According to my fieldwork observation, the 
rest of the land (former rice fields) are used now by the villagers as grazing fields, but they do 
not have any accord with the SDA, the official administrator of the land. 

 
The legal status of the land. The land proposed for afforestation is located in two 

Danube’s islands, Ostrovul Crăcănel (Small Islands of Brăila – Insula Mică a Brăilei) and 
Ostrovul Chiorului. Ostrovul Crăcănel and Ostrovul Chiorului are the names used by the 
villagers for the Danube’s islands. The first island was in the past the grazing field for Berteştii 
de Jos and for Stăncuţa commune. In 1993 the land was transferred to the NFA in order to set the 
Small Island of Brăila National Park, but the local communities did not receive other plots of 
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land as compensation. In this context their surfaces for grazing are much reduced. Thus, the 
Townhall from Stăncuţa is trying right now to obtain some land as compensation for the former 
grazing field from the land of the former IAS, which is administrated by the SDA. In Berteşti the 
situation is the same, according to the local representative of the NFA. Moreover, here the 
Townhall have opened a trial against the NFA, but it lost it. Therefore, even if the land is legally 
owned by the NFA in Small Island of Brăila, there are some social tensions caused by the fact 
that the local communities have not been indemnified for the loss of their grazing fields. 

In the second island, Ostrovul Chiorului, the situation is quite different. The land was 
used for grazing by the villagers from Tufeşti commune, but two years ago the SDA has taken 
the island in order to include it in the Small Island of Brăila National Park, but gave to the local 
community some plots of land as compensation for the loss of the grazing areas. At this moment 
of time, the island is owned by the state and is administrated by the SDA. The land is included in 
the transfer protocol which should be signed between SDA and NFA in order to take over the 
degraded land that will be afforested. 

 
Illegal grazing in the area. Different from the other sites in which the Project will be 

developed, here, in Brăila, the illegal grazing represents a real problem for the afforestation. The 
two Danube’s islands included in the Project used to be in the past the grazing lands for the rural 
communities in the area (Small Island of Brăila for Stăncuţa and Berteştii de Jos, respectively 
Ostrovul Chiorului for Tufeşti). As I have shown before, Tufeşti local community received from 
SDA another grazing field in compensation for Ostrovului Chiorului, located near the village. 
Berteşti and Stăncuţa did not receive any compensation for the loss of the traditional grazing 
land. Therefore, people from Stăncuţa consider that they do not have enough grazing land.  In the 
past Stăncuţa Village used to have 478 ha of grazing land, while at present all four villages from 
the commune have 416 ha of grazing field. 

In fact, the problem is more complex. Legally speaking, Stăncuţa commune do not have 
enough grazing land, but in fact they have more than 416 ha of grazing fields. The land 
administrated by SDA, which was managed by the former IAS (now disestablished), was only in 
part granted to the Syrian entrepreneur, the remaining land is illegally used by the local 
community as grazing fields. Map 10 indicates the plots used as a grazing fields by the local 
community. Moreover, the NFA has leased to the local community several areas located on the 
Small Island of Brăila, which are used for grazing too. In addition, the villagers used to use as 
grazing fields some plots of land managed by the Syrian entrepreneur. This fact has generated 
local social tensions, because the entrepreneur guards his land and forbids the illegal grazing on 
his land. As a consequence, the villagers have beaten the Syrian entrepreneur and his guards, so 
bad that he had to be hospitalized. 

Therefore, in Stăncuţa, the problem is not the insufficiency of the grazing field, but the 
fact the villagers are used to use all the available land in the area for grazing, whether it is legal 
or not. Furthermore, in the area located near the Danube, in Brăila County, people use to send 
their animals to graze in semi-wild standing in the Danube’s islands. Usually they send them in 
the springtime and get back in the autumn. The ‘business’ was very profitable as long as the 
animals’ owner did not have to feed them half a year. Thus, the afforestation of all the land 
located in the Small Islands will generate the disappearance of this kind of grazing.  

In this context, the afforestation Project could encounter strong difficulties. Firstly, the 
afforestation of the Small Island will cut the traditional way of graze in the region and will 
reduce the grazing surface of the commune. On the other hand, the afforestation will be done in 
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an inappropriate moment. The local community is very dissatisfied with the fact that the SDA 
has granted some plots of land to the Syrian entrepreneur. In addition, the former gentry has 
requested other 40 ha from his former ownership, and during year 2002 the Townhall has to 
solve his request and to give him back 40 ha of land. Thus, the retrocession of the land to the 
former ownership will reduce again the surface illegally used by the local community as grazing 
field. As a result, at the end of 2002 the villagers form Stăncuţa will have less grazing field that 
they have now. 

This fact could produce some social tensions, accompanied even by aggression of the 
villagers, like in the case of the Syrian entrepreneur. The main reason for the appearance of the 
social tension is the fact that animal breeding is the main income source in the area, as I have 
shown before. The reduction of the illegal grazing in the Small Island and the reduction of the 
grazing area illegally used by the villagers by the retrocession of the land to the former owners, 
will affect the animal breeding in Stăncuţa. The reducing of grazing areas could have one of two 
effects: a reduction in the numbers of animals or an increase in the production cost for the 
animals. 

Therefore, the afforestation in the Small Island should be done with careful preparation of 
the local community, in order to avoid the social tensions in the area. The main recommendation 
is to ask to SDA to give new surface of grazing field form the land of the former IAS, which is 
not legally used right now. The second recommendation is to provide to the local community 
specialized and permanent consultancy about how to effectively cultivate and maintain a grazing 
field, in order to increase the productivity of the legal grazing field of the local community. The 
third step is to explain to the villagers the philosophy of the Project and what will be done in the 
context of the Project. The fourth step is to increase the number of guards for the new forested 
lands to avoid illegal grazing in the Small Islands. 

The last recommendation should be compulsory. According to the Romanian law, an 
animal caught in the forest for illegally grazing should be kept by the NFA and fed by the agency 
for at least one year. After one year, the NFA can sell the animal or can sacrifice it. If the animal 
dies during this year, the NFA must pay compensation to the owner. If the owner wants to take 
back his animal during this year he should pay a fine of 10,000,000 lei (around 300 USD), which 
is a lot for an ordinary Romanian villager. In this context, many animals’ owners prefer to leave 
theirs animals to NFA instead of paying the fine. On the other hand, for the NFA it is very 
expensive to keep the animal for one year and to feed it. As a result, even when the NFA 
organized, together with police, several campaigns to catch the animals which are illegally 
grazing in the forest, they use to set the caught animal free after few days, because they cannot 
afford to feed them for one year. 

 
Involuntary Resettlement Safeguard Policies of the World Bank.  
(1) Movement of the people. In the Stăncuţa, Betreşti and Tufeşti cases the afforestation 

Project does not involve the relocation or the loss of shelter for anyone. The Project will be 
developed on the surfaces of degraded land, located in the middle of Danube, outside of the 
inhabited area of the villages. Here, in Brăila nobody will loose its shelter as a result of the 
afforestation. 
 

(2) Loss of assets or access to assets. As I have pointed out before, the land proposed for 
afforestation, in the Small Island and in Ostrovul Chiorului, is now owned by the state. The first 
one is in the administration of the NFA, but it was in the past owned by the local communities 
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from Berteşti and Stăncuţa. Both communes have lost their traditional grazing fields without any 
compensation. Therefore, NFA should ask to SDA to give some plots of land as compensation 
for the loss of their grazing fields. In the case of the second island, Ostrovul Chiorului, the 
Tufeşti Commune has received some land near the village as compensation for the loss of the 
traditional grazing field. Only in the case of the Small Island the local communities should be 
indemnify for the loss of their assets. 
 

(3) Loss of income sources or means of livelihood. The afforestation of the two islands 
does not produce any loss as long as the former IAS is disestablished and the land proposed for 
afforestation is not fit for agricultural use. However, the afforestation Project can produce some 
loss of income sources for the villagers from Stăncuţa. As I have indicated before, people from 
the area use to send their animals in the Danube’s islands to grow in semi-wild standing. 
According to the local representative of the NFA people use to send on islands the younger 
animals, while the older one, which should be scarified are kept around the village. This way of 
animals’ breeding is less expensive, while the owner should not feed its animal during half a 
year, and for this reason there are many animals on the islands. In 1994 the NFA and the Police 
organized raids on the Danube’s islands and they caught around 10,000 animals. Most of these 
animals are grown by their owners in order to be sent on the free market or to the slaughter 
houses from the area. In this context, curtailing of the illegal grazing in the Danube’s islands will 
generate a decrease in the incomes of the villagers, because they do not have the same resources 
to feed their animals. On the other hand, even if they can compensate the loss of food offered for 
free on the islands, the cost of production for the animals will be higher than before. It is obvious 
that the afforestation will generate a decrease in the level of incomes for the Stăncuţa’s 
inhabitants. 
 

Predicting social effects. 
(1) The social impact. According to the local representatives of the NFA, in Brăila 

area the afforestation work is done mainly by the organized teams. These teams are composed by 
people who are living in other counties (for instance in Vâlcea, Argeş or Vrancea). The people, 
who are living in the area proposed for afforestation, do not use to work in afforestation. 
Probably the main reason is the latent conflict that exists between the NFA and the local 
community because of the grazing field. On the other hand, people from Stăncuţa use to work as 
daily workers but in other communes of the county, because they do not own so much 
agricultural land (the average dimension of the agricultural land owned by a household being 
quite small – 0.5 ha). The cost of one day worked varies between 100,000 and 150,000 lei, which 
is more than what NFA offers for one day (about 100,000 lei). Probably the lower payment is the 
second reason for what the villagers refuse to work in afforestation. In this context, the creation 
of new job opportunities does not represent a gain for the local community. It is only a gain for 
the organized teams who are working in afforestation in many different areas of the country. 
 

(2) The economic impact. The forest planted in the area does not produce wood 
suitable for producing furniture. The wood produced by the forest in the area can be used as a 
fuel (firewood) or in industrial production of cellulose and paper and in the production of 
matches. Therefore, the afforestation will provide new material for the existing factory for wood 
processing in Brăila. In Brăila there is one factory for production of cellulose and paper and one 
factory for wood processing that produce also matches. The wood produce by the new forest will 
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be use mainly in the Brăila’s factory and will not provide the opportunity for new industrial 
activities base on forest exploitation. The Amorpha that exist on the islands was used in the past 
in some hydro-ameliorative works, in combination with willow branches, but right now no one is 
doing such reparations and the Amorpha is useless. Moreover, because the islands are exposed to 
frequent flooding, the area is not fit for wild fruits or herbs. Thus, there is no opportunity to 
develop some industrial or semi-industrial activity based on the forest. The only gain for the 
local community can be the providing of the firewood, because at the present the villagers are 
buying firewood from Vrancea County, located at 2-300 km in the Eastern part. 
 

(3) The impact on the quality of life. Different from the other areas in which the 
Project will be developed, here people are not complaining because of the drought and because 
of the quality of water. Here the agricultural productivity is not affected by the drought because 
the irrigation system works and irrigation is cheap compared to Dolj area. On the other hand, the 
villagers are more focused on animal breeding than on the agricultural activities, therefore they 
do not need so much rain in order to obtain a good harvest. One can say that in terms of the 
quality of life the Project will not bring many changes for the local communities in the area. 

In the presence of the Project the local communities in the area will loose some of their 
grazing fields, which are now semi-legally used. This fact will generate at least the increasing the 
cost of production for the animals’ breeding, even if not the reduction of the animals in the area. 
The major problem is that the animals’ breeding is the main income source for the villagers of 
Stăncuţa. The main gain for the local communities from the area is the providing of the firewood 
less expensive that at the present.  

In the absence of the afforestation the local communities from Stăncuţa, Berteşti and 
Tufeşti will continue to use some parts of the Danube’s islands as grazing field and will continue 
to developed a quite profitable ‘business’ as long as the Romanian law will permit the breeding 
of the undeclared animals and their selling of the gray market. 

 
I.6 Conclusions and recommendations 
 
Conclusions 

1. In the communes that have been investigated there are no problems related to the land 
ownership status. In all the areas the land proposed for afforestation is owned by the state and 
administrated by the SDA or by the NFA and no one claims the ownership of these plots. 

2. In Dolj and Olt areas there are no problems related to the legal or illegal grazing in the 
area proposed for afforestation. The illegal grazing in forest is just incidental and there is no 
problem in curtailing it. 

3. The land proposed for afforestation in Small Island of Brăila and on the other island 
(Ostrovului Chiorului) was traditionally used by the surrounding communities as grazing fields. 
In Tufeşti the local community has been indemnified for the loss of the traditional grazing field, 
but in Berteşti and Stăncuţa on compensation has been given to the villagers. Therefore, in the 
absence of any compensation, the afforestation of Danube’s islands can generate some social 
tension in the area, between villagers and the NFA. 

4. The Project will not produce in any area the loss of shelter for the villagers. In all the 
areas proposed for afforestation the land is located quite far from the inhabited area. 
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5. In Dolj and Olt areas the afforestation will not produced any loss of assets or of the 
access to assets, as long as the plots proposed for afforestation are degraded land, unfitted for the 
agricultural use. In Brăila, in the area of Small Island of Brăila, the land is used by the local 
communities as grazing field. The afforestation will reduce the surface of the grazing field in the 
area. 

6. Generally speaking, the Project will not produce any dismissal and any loss of income 
or income sources for the inhabitants of the surrounding area. Only in the region of the Small 
Island of Brăila the afforestation will increase the cost of production for the animals’ breeding, 
which is the main income source for the people in the area. 

7. On the medium and long term the impact of the Project will be different in the different 
area proposed for afforestation. While in the South – West region the main gain will be the 
reduction of the drought and the stopping of the desertification process, with a good effect on the 
agricultural productivity and on the quality of life, in the Vaslui area the main achieve for the 
local community will be creation of new employment opportunities, with a good impact on the 
poverty combat. 

 
Recommendation 
 
General recommendation 

The first recommendation is to prepare educational campaign aimed to inform the local 
communities about the goals of the project and about its advantages for the inhabitants of the 
surrounding area. The educational campaign should be done in all the local communities affected 
by the Project. The main goals of the campaign are: 

 To inform the local community about the existence of the Project and about the 
actions involved by the Project - the afforestation of some plots of land located on 
their commune’s surface 

 To explain to the villagers in a most intuitive way the goal of the Project – the 
restoration of degraded lands while at the same time carbon sequestration to 
combat climate change. 

 To show to the villagers the exact location of the plots of land proposed for 
afforestation and to indicate the exact position of the plots using some intuitive 
markers, like the center of the village, the villagers’ houses and so on. 

 To explain to the villager the rules that should obey if the new forest will be 
established, for instance the fact that it is forbidden to graze in the forest or that is 
forbidden to use to wood from the forest without the NFA permission. 

 To explain to the villagers what are the main gains for the local community in 
terms of social gains, economic gains and on the positive impact on the quality of 
life. 

 To emphasize the general gain for all, the world – the pollution reduction with the 
help of their local community. 

 To explain to the villagers the economic advantages that could be obtain by 
Romanian as a result of Carbon sequestration. 
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The target public of the advertising campaign should be all the people in the affected 
communities. The focus could be on the informal, influent leaders of the communities: 
entrepreneurs, school teachers, mayors and townhall employees, priests, the few village 
intellectuals, other respected villagers etc. 

 
Specific recommendation for the Small Island of Brăila and surrounding areas 

1. To ask the SDA to give new surface of grazing land from the land of the former IAS 
Stăncuţa. This land is illegally used right now as a grazing field by the local 
community. 

2. To provide to the local community specialized advice about how to effectively 
cultivate and maintain a grazing field, in order to increase the productivity of the legal 
grazing field of the local community and to compensate the loss of the grazing field 
from the Small Island. 

3. To increase the security of the new forested areas to avoid illegal grazing in the Small 
Islands. 

II Monitoring Plan 
 

Even if the Project will have a different impact on the communities, depending on the 
socio-economic and climatic situation of the area, it is better to have the same monitoring plan 
for all the communities involved in order to compare the results of the Project in the long term. 
As was shown before, while in some areas, like in Olt and Dolj, the main impact of the project 
will be the improvement of the economic activity, specially the improvement of the agricultural 
production, in other areas, like in Vaslui, the main gain of the community will be the creation the 
temporary jobs for the inhabitants of the areas. Therefore, the monitoring plan aims not only to 
identify the longitudinal aspect of the social changes produced by the Project, but also the 
transversal aspect of these changes, by comparing the impact of the Project on different 
communities. 

The monitoring scheme presented below is structured as follows: first, there are specified 
the main dimensions to be monitored and which indicators should be observed. Second, there is 
presented the timetable for the monitoring activities. Third, it is suggested the collecting 
instruments for the proposed indicators. 

Estimated cost of the monitoring plan for one session of monitoring: 
The payment of the fieldwork operators: 4 USD * 26 localities = 104 USD 
Travel expenses for fieldwork operators: 50 USD * 26 localities = 1300 USD 
Building of the databases: 50 USD 
Data enter: 0.50 USD* 26 localities * 4 questionnaire/ each localities = 52 USD 
Data processing and construction of the indicators: 300 USD 
Total estimated cost for one session of monitoring = 1806USD 

 
II.1 Main monitored dimensions 

The present monitoring plan proposes the investigation of four dimensions, according to 
expected impact of the project on the life of the considered communities. These dimensions are: 
the social dimension, the economic dimension, the social support of the project at the level of the 
local community, the quality of life. 
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The social dimension of the monitoring plan tries to identify the direct impact of the 
project on social aspect of the community’s life. As I have indicated before, the main gain for 
several communities, like those from Vaslui County, is the creation of temporary working places 
for the inhabitants of the areas. Therefore, an indicator of the impact of the Project is the number 
of the temporary salaried jobs in the commune during one year. Moreover, the project can 
indirectly generate also other employment opportunities. The existence of a forest can determine 
the establishment of some industrial units for wood and wild fruits processing. These industrial 
units can offer not only temporary jobs, but also permanent salaried jobs for the people who are 
living in the area of the project. 

In- and out-migration in the villages affected by the Project can be an indicator of the 
social impact of the afforestation on the long term. A place which offers to their inhabitants some 
job opportunities and the chance to improve their life will not be a place with a higher 
emigration. The improvement of the quality of life as a result of the afforestation will have an 
impact on the report between the arrivals and the departure in the community. Obviously this 
report is not influence only by the afforestation, but the improvement of the living condition in 
the area as a result of afforestation can have an impact on the report. 

The law-breaking in the forest area represents another indicator linked with the social 
aspects involved by the Project. This indicator is mainly related to the social support for the 
Project, than to the direct social impact on the community life. It indicates the submission of the 
local community to the rules imposed by the Project. The two followed dimension are the theft 
for the forest and the illegal grazing in the forest. If the villagers obey to these two rules one can 
say that they have internalized the rules imposed by the Project and they tolerate the afforestation 
in the area, at least. 

The percent of the ownership titles distributed by the townhall for the agricultural land is 
another factor linked with the social aspects involved by the Project. This is also an indicator for 
a favorable social climate in the community, rather than an indicator of the social impact. This 
indicator shows the situation of the land ownership in the commune and indicates the likelihood 
of the apparition of some conflicts related to the land status in the area. A small percent of the 
ownership titles distributed points out the fact that the ownership status of the agricultural land is 
not a clear one and, in absence of a strong social support for afforestation, the inhabitants of the 
area can claim that they deserve to receive the afforested land as compensation for their lost 
former properties. The bigger percent of the ownership titles distributed is an indicator for the 
absence of the potential conflicts related to agricultural land status. 

The second dimension investigated by the monitoring plan is the economic one. At the 
economic level the Project can produces two types of effect: the improvements of the agricultural 
production and the establishment of some new industrial units for wood and wild fruits 
processing. Both types of effect have an impact of the social status of the communities because 
they increase the economic status of the villagers and they help to the economic and social 
development of the area. The indicators for the improvement of the agricultural production that 
can be monitored in the Project are: the total agricultural surface depending on the type of the 
agricultural use and on the quality of the soils, yearly agricultural production per ha for the mains 
agricultural cultures (corn, wheat and watermelons in case of Dăbuleni, Călăraşi and Ianca), the 
cultivation of new agricultural products which are much productive and more profitable. The 
establishment of new industrial units in area can be measured by the number of the small 
industrial units in the commune.  
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One should mention that these two economic indictors are weak indicators of the impact 
of the project, because the agricultural production varies also depending on the climatic 
condition (drought, wind), on the quality of the seedling that are used, on the apparition of some 
plants disease etc. As well the establishment of the industrial units is the result not only of the 
impact of the project, but also of the existence of one infrastructure which permit the 
development of the industrial activity, like sewage, running water, roads of access, the existence 
of a qualify or semi-qualify working force. 

Another criterion used in evaluation of the project’s impact on the community life is 
related to the quality of life of the community. In this category I have included the health status 
of the villagers, measured by morbidity registered in the commune in the last year; the number of 
drinking water sources in the commune (number of wells in the commune) and the subjective 
estimation of the quality of the drinking water; the dimension (in km) of the commune and 
county roads in the area. The first two indicators measure the positive impact of the climate 
changes produced by the afforestation on the people’s life. The drought reduction, expected as a 
result of the afforestation, can generate an improvement in the health of villagers and also an 
enhancement in the quality of the drinking water. The afforestation and the exploitation of the 
new forest can produce an improvement in the quality of the existing roads or can generate the 
need to built new roads, which can be used by the local community, too. 

The social support for the afforestation Project is the forth criteria used in the evaluation 
of the Project’s impact. The social support among the villagers indicates desirability of the 
Project from the point of view of the inhabitants of the area. The indicators for the social support 
one can use: the attitude towards the forest at the general level, the attitude towards the 
afforestation Project and the attitude towards the NFA and its employees among the villagers 
from the Project areas. A high level of all these indicators shows the fact that the villagers are 
willing to support the Project and consider it a good thing for them and for their community. 

Table C-3. The indicators of monitoring plan 

Dimension / criteria Indicator Measured by… 

1. Social 

Creation of new job 
opportunities 

 Number of the temporary salaried 
employees in commune 
 Number of permanent salaried 
employees in commune 

Migration 

 Number of arrivals in commune last 
year 
 Number of departures from commune 
last year 
 Number of people left in the last year for 
work abroad 

Law-braking the domain 
of the forest legislation 

 Number of thefts from the forest last 
year 
 Number of fines applied for illegal 
grazing in the last year 
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Dimension / criteria Indicator Measured by… 

Legal status of the 
agricultural land 

 Percent of the ownership titles for the 
agricultural land distributed by the local 
authorities out of the total number of the 
ownership titles which should be 
distributed 

2. Economic 

Improvement of 
agricultural productivity 

 Total agricultural surface depending on 
the type of the agricultural use and on the 
quality of the soils 
 Yearly agricultural production per ha for 
the mains agricultural cultures (corn, 
wheat and watermelons in case of 
Dăbuleni, Călăraşi and Ianca) 
 Total land surface cultivated with new 
agricultural products which are much 
productive and more profitable 

Establishment of new 
industrial units in area

 Number of the small industrial units in 
the commune

3. Quality of life 

Health of the villagers 
 Number of villagers who needed 
medical assistance last year 

Quality and quantity of the 
water 

 Number of wells and of others water 
sources in the commune 
 The appreciation of the water quality 
(subjective measure) 

4. Social support for 
the Project among 
the villagers 

Attitude towards forest 
 Subjective measure – See Questionnaire 
2 

Attitude towards 
afforestation Project 

 Subjective measure – See Questionnaire 
2 

Attitude towards NFA and 
its employees 

 Subjective measure – See Questionnaire 
2 

 
II.2 The schedule for the monitoring system 

The educational campaign will bring to the local communities the information about the 
afforestation Project. Therefore, the first monitoring should take place at one or two months after 
the campaign in order to identify the first reaction of the community and establish baseline 
conditions (Table C-2). The second round of monitoring should be done after one year after the 
afforestation, in order to identify the reaction of the villagers to afforestation. This stage is 
important in order to discover potential conflicts created by the afforestation and which could not 
be predicted before. These two first stages of the monitoring plan will mainly indicate the 
dynamics of the subjective indicators, the changes of the people’s attitudes under the impact of 
the Project.  

The next stages should mainly point out the changes at the level of the objective 
indicators. These next actions of monitoring should take place at 5 year intervals and are 
designed to indicate the improvement of the objective social indicators and of the economic and 
quality of life indicators, because these are indicators which are changing quite slowly, but which 
show the impact of the project in objective terms. 
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Table C-4. Monitoring activities schedule 

Moment/frequency Observed indicators 
Before starting the afforestation - Social, economic and quality of 

life indicators 
- social support indicators 

Immediately after the end of the 
promotion campaign 

- social support indicators 

One year after the beginning of 
afforestation 

- Social, economic, quality of life 
and social support indicators 

Every 5 years, starting the second 
year after afforestation 

- Social, economic and quality of 
life indicators 

 
II.3 Instruments used in monitoring the social impact of the Project 

Most of the indicators could be identified from the official statistics provided by the 
National Institute for Statistics (NIS). However, as the NIS reports data with a delay of 2-3 years, 
and they are not providing insights for each dimension relevant for the Project, I would suggest 
an independent and quite cheap system of collecting relevant data. The instruments and the way 
to apply them are described bellow. 

 
In order to have a clear image of the social impact of the Project the monitoring plan 

should take into account all the communities which are affected by the Project. Thus, the 
research that will be carried out during the monitoring of the Project’s impact will be developed 
in all the communes affected by the Project.  

The monitoring process will have two parts: monitoring of the objective indicators (for 
the criteria 1-3: Social, economic and quality of life criteria) and monitoring of the subjective 
aspect (the social support for the project). The objective indicator can be gathered by a 
questionnaire applied to the Secretary of the Townhall, which has most of the information 
needed in the monitoring plan. The subjective indicator can be collected using another 
questionnaire addressed to the villagers. 

The best way to identify the people attitudes towards the project is to design a survey that 
is representative for the population of each commune affected by the afforestation Project. 
Unfortunately the method is too expensive to be used. Therefore, we have tried to find a way in 
which to detect the main trends in the public attitudes towards the Project at the level of the local 
communities. In order to find out the general attitudes of the community towards the project we 
can try to identify the attitudes of the formal and informal leaders of the community, because 
they can influence the public opinion in the commune and they are influenced by the public 
opinion. The Secretary of the Townhall or the Mayor of the commune can be interviewed as a 
formal leader of the community. The director of the school and one of the local entrepreneurs 
can be interviewed as informal leaders of the community.  Therefore, in each commune one 
questionnaire should be applied which comprises objective information to the Secretary of the 
Townhall and other three questionnaires focused on subjective aspects to one representative of 
the Townhall (the Secretary or the Mayor), one to the director of the school and another one to 
one of the local entrepreneurs. 
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In order to obtain a much clear image about the social impact of the project and to gather 
all the information needed, two questionnaires have to be applied in the communities affected by 
the afforestation Project. One questionnaire is addressed to the Secretary of the Townhall and is 
aimed to gather general information about the community. This questionnaire should collect 
information needed in order to construct indicators for the social, economic and quality of life 
dimensions of the monitoring plan. Most of the information comprise in this questionnaire can be 
used in the construction of the objective indicators. The second questionnaire is focused on the 
subjective aspects, as the attitudes of the villagers towards forest, afforestation Project and 
towards NFA and its employees. This questionnaire will be composed mainly by item focused on 
the people opinion and attitudes towards the investigated aspects. 

 
 

Questionnaire 1 – Addressed to the Secretary of the Townhall 

 
Dear Lady / Sir, the National Forest Administration have decided to develop a common Project 

which aims to afforest some surfaces of degraded agricultural land in Romania. Some of these surfaces 
proposed for afforestation (afforested) are located in your commune. In order to have a image of the 
effect of the afforestation Project on the life of the local community, the National Forest Administration 
have decided to monitor these effects. Therefore, we kindly ask you to help the National Forest 
Administration in action of monitoring by answering to few questions about your commune. 

 

q1. Which is the total number of the temporary salaried employees in your commune? 

q2. Which is the total number of the permanent salaried employees in your commune? 

q3. How many people have definitively moved in your commune last year? 

q4. How many people have definitively moved out your commune last year? 

q5. How many people have left your commune last year in order to work abroad? 

q6. How many thefts from the forest have registered to the Police in your commune last 
year? 

q7. How many fines have given the Police for illegal grazing in your commune last year? 

q8. Which is the percent of the ownership titles for the agricultural land distributed by 
the local authorities out of the total number of the ownership titles which should be 
distributed? 

q9. Which is the total agricultural surface of your commune? 

q10. Which is the total agricultural surface cultivated with corn? 

q11. Which is the total agricultural surface cultivated with wheat? 

q12. Which is the total agricultural surface cultivated with watermelons? (question only 
for Dăbuleni, Călăraşi and Ianca) 
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q13. Which was the average production per ha for corn in your commune in the last 
year? 

q14. Which was the average production per ha for wheat in your commune in the last 
year? 

q15. Which was the average production per ha for watermelons in your commune last 
year? (question only for Dăbuleni, Călăraşi and Ianca) 

q16. Did the people from your commune cultivate some new agricultural products last 
year?  

 1. Yes.   2. No. 

 

q17. How big is the surface of the degraded land which is not suitable for the agricultural 
use in your commune? 

q18. How many industrial units (including small workshops which are processing the 
wood and the wild fruits) are in your commune? 

q19. Which is the number of villagers who needed medical assistance last year? 

q20. Which is the number of wells and of others sources of drinking water in your 
commune? 

q21. How do you appreciate the quality of the drinking water in your commune? 

1. very good   2. good  3. quite bad 4. is not suited for domestic use 

 

q22. For how many years are you working in the Townhall?________ years 

 

Thank you very much for your help! 
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Questionnaire 2 – Addressed to the leaders of the local community 

 
Dear Madam / Sir, the National Forest Administration have decided to develop a common 

Project which aims to afforest some surfaces of degraded agricultural land in Romania. Some of these 
surfaces proposed for afforestation (afforested) are located in your commune. In order to have a image of 
the effect of the afforestation Project on the life of the local community, initiators of the Project have 
decided to monitor these effects. Therefore, we kindly ask you to help us by answering to few questions. 

 
q1. Do you have any forest surface in you commune? 1. Yes. 2. No. 

If yes  
q2. How far from your home is the existent forest located? ________km 

 
 
q3. Do you think that the total surface of forest existent in your commune is enough for 

the needs of the villagers? 
1. is more than 

enough 
2. is enough 3. we need more forest in 

the commune 
4. we do not have any forest 

surface in the area 
 
q4. Did you heard about the afforestation Project developed in the neighborhood area?  

1. Yes   2. No 
If yes 

q5. How did you find out about the Project? 
1. from the meeting organized by the NFA representative 
2. from other villagers 
3. from the Mayor / Vice-mayor / Secretary of the Townhall 

 
q6. Do you think that the afforestation Project: 

1. is a good think for our commune 
2. is good , but we have other priorities in the commune 
3. is not good for our commune 
4. Do not know 
 

q7. Do you think that the afforestation Project help us to solve some important problems 
of our commune? 

1. yes, it help us to solve our main problems 
2. yes, but we need to do also some other things to solve our problems 
3. the project solve only a small parts of our problems 
4. the Project is not helpful in solving our local problems 
5. Do not know 

 
q8. Did you heard about NFA? 1. yes  2. no 

If yes: 
q9. How do you appreciate the activity of NFA? 

1. very good 2. quite good 3. quite bad 4. bad 
 

q10. Did you meet one of the NFA local representatives? 1. yes  2. no 
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If yes: 
q11. How do you appreciate the activity of the NFA local representatives? 

1. very good 2. quite good 3. quite bad 4. bad 
 
 

q12. How old are you? _______years 
q13. From how long are you living in the commune? ______years 
q14. Which is your level of education? 

1. 4 grades or less 
2. 8 grades 
3. high school 
4. university degree 

 
 
Thank you very much for your help! 
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D. Baseline and Monitoring: Biodiversity Issues 
 
In general, the term “biological diversity” includes diversity within species, between species and 
of ecosystems (Global Biodiversity Assessment, 1995).  In this report the term biodiversity is 
applied just to diversity between species (richness of species).  
 
This report is based on three main sources of information:  
 Data collected by the author during the 10 day site visit; 
 Data regarding both territories to be afforested and regions of their location were obtained 

from scientific publications, reports and meetings with local experts; 
 General materials concerning biodiversity conservation in Europe and priorities of 

biodiversity conservation in Romania.   
 
1.0  Brief Overview of Romanian Biodiversity and its Main Threats  
 
According to the National Biodiversity Strategy and Action Plan (The National Biodiversity 
Strategy, 1996), Romania is a country with rich biodiversity (ecosystems, species and genetic 
diversity) and a high percentage of intact natural ecosystems – 47% of the land area of the 
country is covered with natural and semi-natural ecosystems. Since almost half of all forests in 
Romania (13%) have been managed for watershed conservation rather than production, Romania 
has the largest areas of undisturbed forest in Europe. The territory of Romania is a meeting point 
between biogeographic regions – between arctic, alpine, west and central European, pannonic, 
pontic, balkanic, submediterranean, etc. The high level of geographic diversity in Romania has 
produced a floral diversity that include 3,500 species of higher plants and a faunal diversity 
estimated to be more than 30,000 species. These values include a large number of endemic and 
subendemic plants (228) and animals (1,000) specially adapted to local conditions and only 
found in the country.  
 
Romania is a critical transit area for migrating birds within Europe which are mainly migrating 
through the eastern part of the Mediterranean basin. The main migration zone of Romania is in 
the east between Carpathians and the Black Sea, Moldova, Dobrogea and the east Muntenia. To 
this can be added the fly route through the West Plain, part of the Tisa Plain, with a lateral 
branch along the Danube from east to west. 
 
Although rich in biological resources, Romania has suffered a progressive loss in biodiversity of 
as a result of human activity. In particular, agriculture, industrial development, transportation and 
expansion of cities have profoundly affected the biological diversity. Pollution, the damming of 
rivers, hydrological works among other factors, have all taken their toll.  Since the transition and 
breakdown of the former regulatory systems, Romanian ecosystems have been exposed to new 
threats, including introduction of some unsustainable land practices, overgrazing of alpine and 
forest meadows, ploughing under of contour bands, and clear cutting of private forests. 
 
The total area of agriculture in Romania is 120,000 square km; silviculture or forestry utilizes 
63,000 square km, and grassland culture 35,000 square km.  Today arable land comprises 41.8% 
of the surface of the country and a large area of secondary natural grasslands have been formed – 
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primarily in the mountains and hills. Estimates are that about 40% of the agricultural area is 
affected by erosion.  
 

The forests now are about one-third of their previous extent as result of human activity. In total it 
has been estimated that in the last 50 years, there has been a permanent loss of 250,000 ha of 
forest and grassland ecosystems and that an additional 280,000 ha have been temporarily or only 
partially lost.  Also is it necessary to mention the phenomenon of forest decline in the Southern 
Romanian Plain caused by decreasing rainfall since 1984, particularly affecting nearly 35,000 ha 
of forest (The Feasibility study, 2000). 
 
The area of wetlands has also been reduced to about of half of its previous extent. The loss of 
wetlands has been particularly dramatic along the Danube River where many wetlands have been 
converted to agricultural use. A total of about 400,000 ha of wetland habitat has been 
permanently and partially lost. Irrigation of agricultural land (about 3.2 million ha in 1989) has 
also brought about increased salination of large areas.   
 
Although the Danube River is a an important corridor for the movement of biodiversity, it is also 
a means of transport that brings pollution from upstream countries (The National Biodiversity 
Strategy, 1996) 
 
1.1  Biodiversity Conservation Priorities 
 
Despite significant environmental and economical problems, Romania has shown an active 
position in biodiversity conservation. Romania has signed most international conventions, 
initiatives and programs for the conservation and sustainable use of biological diversity 
(Integrated Management Plan, 2002; The National Biodiversity Strategy, 1996): 
 
Conventions at the global level: 
The Convention on Biological Diversity (ratified) 
Convention on Wetlands of International Importance, especially as Habitat for Waterfowl 
(Ramsar) 
Convention on Migratory Species (Bonn) 
Convention on the Protection of World Cultural and Natural Heritage (Paris) 
Convention on International Trade with Endangered Species 
 
Conventions and strategies at Pan-European level: 
Berne Convention concerning the Conservation of the European Wildlife and natural Habitats  
Pan-European strategy and action plan for biological and  
landscape diversity conservation  
EU  - Habitat Directive - 92/43/CEE  
Birds Directive . 79/409/CEE 
 
Convention at the regional European level: 
Bucharest Convention for the protection of the Black Sea  
against pollution (Bucharest, 1992) 
Convention on the co-operation for the protection and  
sustainable use of the Danube (Sofia, 1994) 
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Taking into account international obligations and needs of biodiversity conservation within the 
country, The National Biodiversity Strategy and Action Plan for Romania was developed in 1996  
 
Among the priority objectives for biodiversity conservation in Romania for the aims of the 
current project is worth mentioning the following: 
 

 conservation of threatened, endemic, and/or rare species;  
 
 the design of strategies for sustainable development that are integrated into the national 

strategy for biodiversity conservation; 
 
 promotion of biological diversity conservation by reducing negative impacts and by 

restoring altered ecosystems and habitats; 
 
 enhancement of biological diversity by changing the way in which arable lands are used  

 
2.0  Areas for Afforestation From the Point of View of Biodiversity Conservation 
 
Areas proposed to be afforested are highly eroded lands, mainly arable fields, pastures, and 
vineyards, which are usually abandoned now (Table 1). Most of them are located on sandy soils. 
 
Table D-1  Detail characteristics of areas for afforestation 
 

Land Administrator Area  
(ha) 

Main feature  
of the soil 

Previous / current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 

A.1 DOLJ County     

1. SDA 
(AGROINDUSTRI
ALA DĂBULENI) 

633.45 medium plain 
sandy soil 

30 years was arable 
land and vineyard/ 
now is abandoned  

highly eroded 
land,abandoned 

vineyards  

Robinia/III 

2. SDA (SCCPN 
DABULENI) 

605.96 medium plain 
sandy soil 

30 years was arable 
land and vineyard/ 
now is abandoned  

highly eroded 
land,abandoned 

vineyards 

Robinia/III 

3. SDA (SC 
AGROIND 
MĂCESU DE JOS) 

778.49 medium plain 
sandy soil 

40 years was pasture 
and arable land/now  
abandoned eroded 
lands, sandy soils   

Robinia/III 
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Land Administrator Area  
(ha) 

Main feature  
of the soil 

Previous / current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 
4. SDA (SC 
AGROIND 
SAVINI PISCU 
SADOVEI) 

187.35 medium plain 
sandy soil 

30 years was arable 
land and vineyard/ 
now is abandoned  

highly eroded 
land,abandoned 

vineyards 

Robinia/III 

5. NFA 
(DABULENI) 

100 medium plain 
sandy soil 

35 years was arable 
land/ the land was 
taken by NFA three 
years ago,  highly 

eroded land

Robinia/III 

TOTAL DOLJ 2,305.25    
II A.2 

MEHEDINŢI 
county 

    

1. SDA (SC 
SURILA MARE – 
COMUNA 
GOGOŞU) 

12.74 low plain sandy 
soil 

40 years was pasture 
and arable land/now  
abandoned eroded 

land,

Robinia/III-II 

2. SDA (SC 
AGROIND 
BALOTESTI – 
COMUNA 
IZVORUL 
BARZII) 

18.63 low plain sandy 
soil 

50 years was arable 
land / it was not 

cropped in the last 15 
years, highly eroded 

land 

Robinia/III-II 

3. SDA (SC 
AGROFRUCT 
PRUNISOR SA – 
COMUNA 
HINOVA + 
VOLOIAC) 

119.58 medium plain 
sandy soil 

40 years ago was 
forest, pasture / / now 
is abandoned  highly 

eroded land 

Robinia/III 

TOTAL 
MEHEDINŢI 

150.95    

A.3 OLT county    
1. SDA (SC 
CORIAS 
CORABIA – 
COMUNA 
ORLEA) 

301 medium plain 
sandy soil 

40 years was pasture 
and arable land/now  
abandoned eroded 

land 

Robinia/III 



Baseline Report-Romania Afforestation 

  Page 90 

Land Administrator Area  
(ha) 

Main feature  
of the soil 

Previous / current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 
2. SDA (SC 
CORIAS 
CORABIA – 
COMUNA 
IANCA) 

550 high plain 
sandy soil 

40 years was pasture 
and arable land/now  
abandoned eroded 

land 

Robinia/IV 

TOTAL OLT 851.00    

B.1 BRAILA 
county 

    

1. SDA (SC 
AGROZOOTEHNI
CA TICHILEŞTI) 

19.26 medium plain 
sandy soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land

Robinia/III 

2. SDA (SC 
STANRIZ 
STANCUTA) 

311.00 high plain 
sandy soil 

Is a small island 
appearing on the 
Danube 60 years 
ago, never used / 
now on shoreline 
(Vasiliy?) appear 
some native plants 

(willow) 

Populus/Salix 

3. SDA (SC 
DROPIA 
ÎNSURĂŢEI) 

203.94 high plain 
sandy soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land

Robinia/IV 

4. NFA (INSULA 
MICA A 
BRAILEI)  

1,700 Alluvial soil In the last 30 years 
this area of  Small 

Island of Braila was 
used as pasture / 

now typical alluvial 
soil for native 

poplars. The land 
was taken by NFA in 

1993. 

Populus sp./III-
II 
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Land Administrator Area  
(ha) 

Main feature  
of the soil 

Previous / current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 
TOTAL  BRAILA 2,234.20    

B.2 GALAŢI county    

1. SDA (SC 
AGROTEC SA 
TECUCI) 

11.10 medium plain 
sandy soil 

30 years ago was a 
forest belt / now the 
land is empty , forest 

was harvested by 
local population 15 

years ago 

Robinia/III 

2. SDA (SC 
AGROIND SA 
DEALUL 
BUJORULUI– 
COMUNA 
BĂNEASA) 

205.93 zonal eroded 
soil 

40 years ago was 
forest ; 20 years ago 
was harvested and 

used as pasture/ now 
very eroded area,  

Robinia/IV 
Quercus 
cerris/IV 

3. SDA (SC 
AGROIND SA 
DEALUL 
BUJORULUI– 
COMUNA 
VARLEZI) 

125.79 medium plain 
sandy soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land 

Robinia/III 

4. SDA (SC 
SEROMGAL SA 
GALAŢI) 

30.60 medium plain 
sandy soil 

30 years was arable 
land/ now is 

abandoned land, 
antropic modified. 

Robinia/III 

TOTAL  GALAŢI 373.42    

B.3 TULCEA county    

1. SDA (SCAI 
PIATRA OSTROV 
- DAENI) 

202.29 zonal eroded 
soil 

70 years ago was 
forest, in the last 30 

years used 
irrationally as 
pasture / now 

degraded pasture 
with eroded soils.  

Robinia/IV 
Quercus cerris 

/IV 

2. SDA (SCA 
TULCEA SA) 

303.66 medium plain 
sandy soil 

70 years ago was 
forest, in the last 30 

years used 
irrationally as 
pasture / now 

degraded pasture 
with eroded soils. 

Robinia/III 
Quercus cerris 

/IV 
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Land Administrator Area  
(ha) 

Main feature  
of the soil 

Previous / current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 
3. SDA (SCA 
DEALUL 
TULCEA) 

232.42 medium plain 
sandy soil 

70 years ago was 
forest, in the last 30 

years used 
irrationally as 
pasture / now 

degraded pasture 
with eroded soils. 

Robinia/III 
Quercus cerris 

/IV 

TOTAL TULCEA 738.37    

B4. VASLUI 
county 

    

1. SDA (SC 
AGROVINEX SA 
VETRISOAIA) 

57.55 Eroded sandy 
soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land

Robinia/IV 

2. SDA (SC 
AGRISEM 
FALCIU) 

57.71 Eroded sandy 
soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land

Robinia/IV 

3. SDA (SC 
PRODAGRO SA 
ZORLENI – 
BACANI+ 
BANCA+ZORLEN
I+POGANA+VOI
NESTI+PUIESTI) 

154.00 Eroded sandy 
soil 

30 years was arable 
land/ now is 

abandoned  highly 
eroded land 

Robinia/IV 

TOTAL VASLUI 269.26    
TOTAL 
PROJECT 

6,922    

 
 
To improve environment quality – to stop erosion, restore soil conditions and to obtain direct 
socio-economic benefits - it is planned mainly to plant Robinia pseudoacacia, Quercus cerris 
and Populus alba or P. Nigra on the above-mentioned areas.  It is also expected that biodiversity, 
which has suffered greatly under the inapropriate and irrational uses made of the land, will 
benefit from the afforestation.  
 
To make a detailed evaluation of changing or improving biodiversity—qualitative and 
quantitative parameters—it is necessary to conduct special surveys by a team of specialists 
including botanists and zoologists. Despite lack of detailed prior data on each area planned for 
afforestation it will be possible to make general evaluations of benefits or losses for biodiversity 
caused by the afforestation project. 
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As is well known (Agriculture and Biodiversity, 2001) modern agriculture has reached a high 
level of efficiency, creating monocultures of cereal or grass species and reducing species 
richness to a minimum. More traditional farming systems, however, are often surprisingly rich in 
species. On the one hand, agriculture has reduced biodiversity by the reclamation of natural 
ecosystems and by leveling out natural variety in abiotic conditions through drainage, fertilizing, 
and pesticide use. At the same time, it has created open spaces and edges and attracted many 
species that would normally be absent in those locations or would occur at lower densities. The 
overall-effect of both developments is a biodiversity trade-off, depending on the intensity of the 
agricultural practices (Figure 1).  
 

 
  
Figure 1 - Schematic relationship between species diversity and intensity of agricultural 
practice. 
 
The relationship presented in Figure 1 is of course overly simplified and very much scale-
dependent. What is essential is that low management intensity is generally beneficial for local 
species richness (area A of graph). At the other end of the scale, considerable reduction of 
agricultural inputs may be necessary to obtain only a little increase in species richness. In those 
cases, improving the structural variation by creating small-scale landscape elements, such as 
unsprayed verges, hedgerows etc., is much more efficient than a general reduction of inputs  
 
Figure 2 gives a rough impression of the total number of species of selected animal groups in 
different habitat types. Agriculture in one form or another may occur in many of these types but 
is mainly connected to arable land and grassland. Arable land, although heavily influenced by 
man, shows a significant number of associated animal species. As pointed out before, local 
species richness may of course vary greatly, according to abiotic and spatial conditions and 
intensity of land use. 
 
Of particular importance to this project, the grassland category covers a whole spectrum from 
unmanaged, natural habitats to intensively used grasslands. Natural and semi-natural grasslands 
are particularly species rich. Semi-natural grasslands (maintained through farming) have a high 
natural species composition due to absence or low levels of fertilization and very limited soil 
disturbance.  Of course, Figure 1 applies here too, and as the intensity of farming activity 
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increases, the species diversity diminishes.  Other factors associated with abandoned grazing 
land such as heavy erosion serve also to reduce diversity. 
 

 
 
Figure 2. Species richness by major habitat types (Europe’s Environment, 1998).   
 
In evaluating the relative importance of agricultural land to biodiversity conservation, it is not 
enough to look at the number of occurring species only.  One should also look at the occurrence 
of particular species that are vulnerable or threatened on the basis of their range and population 
trend and at threatened habitats. At the European scale, the ‘priority species’, as defined by Bird 
Life International, are useful for this purpose. They include species that are threatened at the 
European level, and species that are particularly characteristic for different habitats (and thus 
vulnerable to habitat change). A fairly large proportion (62 %) of these priority species are 
considered to rely significantly on farmland.  Within this group, about another two-thirds of the 
species have an unfavourable conservation status. Similar analyses have not been carried out for 
other species groups, but the European red data list on butterflies also indicates the importance of 
agricultural habitats, particularly grasslands. 
 
Traditional agricultural systems support rich invertebrate biodiversity. For example, under 1m2 
of pasture in Denmark, the soil was found to contain as many as 40,000 small earthworms and 
their relatives, nearly 10 million roundworms and over 40 insects and mites. A gram of fertile 
agricultural soil contained over 2.5 billion bacteria, 40,000 fungi, 50,000 algae, and 30,000 
protozoa (McNeely 1995).  At the same time, intensive grazing in arid regions greatly change 
pastures, making them more like semi-desert and desert ecosystems. This causes sharp decrease 
of biodiversity richness, especially for grasslands on sandy soils (Medvedev 1959), which are 
prevalent in the project areas. 
 
Comparatively small numbers of invertebrate species adapt to crop lands. Thus, in the southern 
Ukrainian part of the steppe zone, on cropped fields are present about 400 species of insects, 
which is just 25% of the original insect fauna found before cropping. Among them just 60-100 
species occurred on winter wheat fields, up to 200 species on sugar-beet fields, and up to 250 
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species on lucerne fields (Medvedev 1959). These examples demonstrate that, in general, the 
diversity of species increases as one moves from arable lands to pasture to forests. But if certain 
specific types of forest or grassland are compared, it is possible to find the inverse situation. For 
example, usually, Robinia forest has a poorer species diversity when compared to a native steppe 
grass ecosystem.  These exceptions may be important if one is striving to maximize biodiversity 
on a given piece of land, but less so if maximization is not the goal, but improvement is (as is the 
case for the afforestation project which has biodiversity improvement as an ancillary goal to the 
primary goals of sequestration). 
 
Turning back to the Romanian afforestation project, it is suitable to combine all plots from Table 
1 in three large groups: 
1.  DOLJ, MEHEDINTI, OLT, GALATI, VASLUI counties 
2.  BRAILA county  
3. TULCEA county 
 
The reasons for this are as follow. Areas to afforest in Braila county mainly relate to the Small 
Island Braila, which is designated as wetland of international importance under the Ramsar 
Convention and is a protected area where is planned to plant native species (Populus alba).  
Tulcea county consists primarily of remnants of steppe grasslands, as evidenced by observations 
of steppe species of plants and animals, that will be afforested mainly by oak.  The other five 
counties are more or less similar regarding their current situation and condition of the land  and 
the types of planned forest species.  
 
1. DOLJ, MEHEDINTI, OLT, GALATI, VASLUI counties 
 
The abandoned agricultural lands, orchards and vineyards to be afforested are not used at the 
moment due to the number of reasons. First of all, the latter were created on the infertile sandy 
soil and could only have been productive if they were irrigated. Recent changes in the economy 
and politics in Romania, including types of ownership, resulted in impossibility of using 
irrigation systems, which were in disrepair. Thus, absence of water, along with gradual soil 
degradation, made agricultural exploitation of those lands unrealistic.  
 
The situation of the lands to be afforested can be characterized as follows: 
 a considerable part of the degraded lands contain shifting sands, small sand dunes and is 

being eroded by wind; 
 most vineyards have been uprooted, there are few of them left on the project areas; 
 the biodiversity on the land is very poor, with no rare species of plants or animals having 

been described there.  
 
Despite the comparatively poor biodiversity in Robinia forests, afforestation of above listed areas 
will bring benefits to local biodiversity because current situation with regard to biodiversity is 
much worse. For example, just a few birds species breed here now, and in case of Robinia forest, 
at least 20-25 species of birds will nest in them (e.g. Falco tinnunculus, Falco vespertinus, 
Streptopelia turtur, Columba palumbus, Asio otus, Upupa epops, Picus canus, Parus, major, 
Pica pica, Corvus frugilegus, Fringilla coelebs etc.). Some of the species are on the lists of 



Baseline Report-Romania Afforestation 

  Page 96 

different international conventions and directives.   Several  game species like  Capreolus 
capreolus, Lepus europeus, Perdix perdix also use Robinia forest or their ecotones.  
 
To maximize benefits for biodiversity, it would be necessary to plant among Robinia forest 
parcels or rows of some other tree and shrub species. In one Robinia forest we measured (F12-
see section B), for example, there were other tree species (Prunus cerasifera) interplanted in the 
rows, so this practice already occurs.  In this particular example, the interplanted species is a 
good tree for some bird species, for example Columba palumbus (a pigeon considered a game 
species). 
 
Baseline scenario   
If the territory is not afforested, its condition will continue to deteriorate and biodiversity will 
decline or at keast remain the same. Natural rehabilitation of grass ecosystems in arid territories 
takes several decades (40-50 years) and passes through a number of succession phases if not 
disturbed by other factors. At the same time, however, grazing of the territory impacts grass 
ecosystems of the region. Lack of alternative pasture and considerable numbers of cattle lead to 
the conclusion that continued degradation will occur. The future of shifting by wind and water of 
the sandy land without vegetation makes the situation worse for biodiversity. Taking into 
account the fact that strong winds are a common phenomena in the region, it can be concluded 
that only special activities, such afforestation, can restrain sand expansion and erosion. 
 
In sum, given the deteriorated and worsening situation of the lands concerned, the afforestation 
projects in this area ought to be a positive benefit for biodiversity.   
 
2. BRAILA county 

 
Small Island of Braila is a component of Lower Danube Wetland System, a key complex of 
wetland ecosystems with a very important role in local, regional and global ecological processes 
due to its short and long distance connections. Small Island of Braila (SIB), represents a real 
internal delta, already declared as a mixed natural reservation (vegetation and animals) 
(Integrated Management Plan, 2002). This area is also included in a List of Important bird areas 
in Europe and designated as wetland of international importance under Ramsar Convention 
(Birdlife International 2001; Information Sheet on Ramsar Wetlands, 2001). The Life Project 
Department of Systems Ecology and Sustainable Development of University of Bucharest has 
developed a draft of Intergrated Mangement Plan for the Small Island of  Braila. 
 
SIB is one of the rare areas bordering the river which has preserved its natural hydrological 
conditions and which contains a representative sample of habitats that are characteristic of 
floodplains as well as an ancient inland delta. There are two broad categories of vegetation in the 
area: vegetation associated with open water, marshes and cattail; swamps, and ground 
vegetation: grasslands and forests (the latter include willow forest with Salix alba and Populus 
sp. on higher ground). Plant compartment is very well represented by a high number of species 
(over 200 plant species identified till now). In the herbaceous and shrub layers Rubus caesius is 
dominant.   
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Most herbaceous species are present in both willow tree forests and reed marshes. Willow tree 
forests become less dense in time, and the herbaceous layer is dominated by Agrostis stolonifera. 
Other frequent species of this association are: Roripa silvestris, Gratiola officinalis, Lysimachia 
nummularia, Heleocharis palustris, Juncus gerardii, J. effusus, Polygonum hydropiper, Veronica 
anagallis-aquatica, Lycopus europaeus, Galium palustre etc. A typical halophytic shrub 
association consists of Tamarix ramosissima with Calamagrostis epigeios. 
 
Samples collected and analyzed to date show a rich fauna of invertebrates consisting in: i) 49 
higher taxa of terrestrial invertebrates, each represented by many species (e.g. 166 species of 
carabids); ii) over 100 species of Gastropoda and Bivalvia; iii) 12 higher taxa of benthic 
organisms with more than 60 species identified and; iv) about 120 species of Cladocera, 
Copepoda and Rotatoria. 
 
In addition, 136 bird species from a total of 274 species were identified and described early for 
Coastal Danube Delta. It has also to be emphasized that 47 species from the total of 136 bird 
species recorded till now in this remnant wetland are listed on the annex of the EU-Bird 
Directive (Council Directive, 1979) and 34 species are listed on the annex of the Bern 
Convention and are on the IUCN red list. Among the most important bird species are 
Phalacrocorax pygmaeus,Platalea leucorodia, Aythya nyroca, Haliaaetus albicilla,and Crex 
crex. By providing eleven types of habitats for nesting, feeding and resting of many bird species, 
the SIB wetland system together with the coastal Danube Delta plays the role of major node in 
South-Eastern Europe, along the bird migration routes. 
 
Within the SIB, 11 species of mammals and 13 species of amphibians and reptiles have been 
identified.  Of these species, 4 species (2 of mammals and 2 of amphibians) are included on the 
list of EU-Directive for Habitats and Species (Council Directive, 1992). 
 
Taking into account that SIB wetland system is the only major remnant (210,3 square 
kilometers) from the large Inner Danube Delta (2413 square kilometers) that preserves the 
structural (habitats, taxonomical richness, communities and ecosystems) and functional 
characteristics of the former wetland system, the major objectives of the Integrated Management 
Plan for SIB are biodiversity and land-waterscape conservation. 
  
By its spatial organization, high productivity of different types of ecosystems, richness of 
renewable resources and services delivered, the SIB wetland system has to be also recognized as 
one major component of the potential ecological footprint of the local and regional Socio-
Economic Systems. Thus, sustainable development is the aim of the strategy and policy 
concerning the area, which has SIB National Park as the backbone.   
 
For spatial organization of the area, there are proposed  three functional zones: 
 A strict protected zone dedicated to biodiversity conservation, including traditional resource 

use by local population and knowledge development on two core areas covering 44% of 
SIB’s total surface;  

 A buffer zone which covers 56% of the SIB surface and where the patterns for sustainable 
use of the resources and services are developed and;  
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 A larger zone (~ 100,000 ha) for sustainable socio economic development around  the  SIB 
wetland system area of economic cooperation. 

 
Among the activities in the framework of the adaptive management plan for the SIB, and the 
respective managerial objectives, are rehabilitation and reconstruction of some processes (e.g. 
.hydrology in the SIB system) and ecosystems (e.g. alluvial forests in SIB or former wetlands 
outside SIB);  
  
The territory proposed for afforestation within the Romanian Afforestation project now covered 
by pastures, remains of natural forests (small plots along the edge of the island and on the inner 
part) and reeds. About 200 ha of the area is densely covered by an alien shrub species Amorpha 
fruticosa. Sheep, cattle and pigs grazing, hunting and fishing, including poaching, burning of 
reed-beds and Amorpha fruticosa, and, management of forests and felling are the main 
anthropogenic factors impacting the island territory.   
 
With respect to the afforestation of SIB by Populus alba and nigra (proposed by the project), the 
pastures were formed here as a result of destruction of natural forests and are not important 
regarding conservation of rare animal and plant species. As well, the above-mentioned Amorpha 
fruticosa has been rapidly expanding in the area.   
Afforestation, conformed to certain rules, will therefore, support enrichment of the biodiversity. 
It will support bird species nesting in the trees (there are a number of rare species among the 
potential species). To avoid impacts from forest management practices (e.g., all types of 
activities such as severance felling, sanitary felling etc.) that will frequently need to be carried 
out after afforestation, it is suggested that a 100-150m wide protective forest belt be planted 
along the lakeshores. After afforestation, the forest protective belts should be regarded as a 
strictly protected zone (any economical activities must be banned here). Taking into account that 
willow species are important bird nesting areas, they should also be planted in this forest 
protective belt. 
 
It is also very important to minimize any disturbance factors from forest management practices 
during the peak bird breeding.  Such activities need to be completely banned near colonies of 
water birds and nests of raptors (within 250 m). Of particular concern would be any use of 
pesticides (either sprayed aerially or locally).  Pesticide use should be severely limited or 
completely banned on these sites because of the number of large colonies of water birds on the 
island.  
 
Baseline scenario   
 
Whether the territory experiences the existing set of economic activities (grazing, etc.) or will became a 
strictly protected area, it is likely that the aggressive Amorpha fruticosa would expand in the future, to the 
detriment of biodiversity, if forests were not planted to shade it out.  Measurements in the planted poplar 
stand (P12 site, see section B) showed that Amorpha, although present, had considerably lower density 
and less biomass than that growing in the open.  
 
The presence or even dominance of Amorpha would reduce the importance of SIB from the 
point of view of biodiversity conservation. It is possible that native willow will partly regenerate 
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(there are some areas of self-regenerating willow already on the island), but this is likely to occur 
only in low wet places. 
 
In sum, on this very special area, the afforestation project, done under the constraints outlined 
above, ought not to affect biodiversity negatively, and should, in fact, lead to an enrichment. 
 
3. TULCEA county 
 
This region contains rare plant and animal species, mainly related to steppe grasslands (reported 
in an unpublished study produced for the creation of the Macin Natural Park in the area). Steppe 
areas are an essential part of the region despite the fact that forests covered at least half of it in 
the past. Felling of the forests and ploughing of the steppe led to considerable reduction of the 
extent of these natural ecosystems. Along with ploughing lands, there are a lot of pastures that 
developed after deforestation. All of the above-mentioned complicates definition of priorities for 
biodiversity conservation in the region and creates some contradictions between afforestation 
and conservation of the remains of the steppe ecosystems. Such situations occur when natural 
steppe territories are planned for afforestation. To reach both objectives – afforestation and 
conservation of the steppe diversity – the following general strategy should be considered. First 
of all, the area of ploughed lands should be decreased, one of the parts should be afforested, 
while pastures should be created on the other one. On the other hand, the existing pastures 
formed as a result of the felling should at least partly be afforested. The remains of the natural 
steppe ecosystems important for biodiversity conservation should obtain conservation status and 
be regarded as zones with strictly limited economic activities. Areas that will not have 
conservation status should be controlled regarding grazing intensity.   
 
The areas to be afforested in the framework of the project are covered with abandoned 
agricultural lands, pastures created after felling, and pastures on the remains of natural steppes. 
There are no biodiversity concerns regarding afforestation of the first and second types of lands. 
The biodiversity of forest ecosystems, especially if they are oak and other mixed hardwoods, is 
typical for the region and will be richer than the above mentioned first and second types of land. 
The last type, remains of the natural steppes, however, should be treated with caution. Just 
during the short visit to plots for afforestation  some endangered and rare species were found 
there: Testudo graeca, Coluber caspius, Buteo rufinus, Falco tinnunculus, Spalax sp. Further 
research of the plots will likely broaden this list considerably. Despite these factors however, it 
should be taken into account that these steppe areas are badly degraded, are being eroded by 
water and that their area is only a few dozen hectares.  It ought to be possible within the course 
of the project, to secure some of these areas from the ongoing damage being sustained and to 
keep as much of the steppe biodiversity values as possible.  This is fine tuning of the project, and 
can be done in the course of delivery. 
 
Summarizing, the target areas of the project in this county are without real threat to biodiversity. 
In general biodiversity will benefit from afforestation of selected areas. At least 30-40 bird 
species will breed in oak forest, and mature oak forest is especially important for birds of prey, 
bats and game species of mammals. 
 
Baseline scenario   
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In the Tulcea area, if the selected areas are not afforested, water and wind erosion will continue 
destruction of these lands.  Sheep and cattle overgrazing will also contribute to this process. 
 
 
3.0  Monitoring Biodiversity 
 
Monitoring often is defined as periodic measurement or observation of a process or object. 
Usually it is goal-oriented and is a part of management process (Noss and Cooperrider 1994).  
 

3.1  Monitoring goal 

Taking into account that there are no special funds for developing and implementation of an 
extensive monitoring programme and that biodiversity is a secondary goal of the project, the 
biodiversity monitoring goal should be as simple as possible, and can be limited to the detection 
of changes in species diversity and their abundance during the Romanian afforestation project, 
within the areas affected by the project.  For certainty, a number of areas to be monitored outside 
the area (as control sites) should be selected.  

 
3.2  Habitat scope 
In frame of the project, arable lands, vineyards, pastures will be afforested with Robinia, Oak, 
Poplar trees (see Table D-1). The details and main directions of habitat transformation will be 
characterised later, during discussion on spatial planning of inventory and monitoring. 
 
3.3  Indicators 
Despite the quite low monitoring level –  species diversity level – it would be optimal to use 
several taxa of indicators for monitoring of biodiversity.  This would be necessary because of the 
complexity of ecosystems and where a full understanding of the dynamics of an ecosystem 
would be needed. Those working with particular groups of organisms have, in the past, made 
special cases for their favorite species group as good indicators.  However, a growing number of 
studies have shown that good indicator relationships (causes-consequences and 
availability/affordability) are rare (Delbare 2000). So to develop a good set of simple indicators 
it would be necessary to carry out special research in each concrete situation, for each type of 
ecosystem for each type of taxa.  The cost of such work would be much more than cost of routine 
animal and plant census, and certainly would be prohibitive in this situation of the afforestation 
project.  Given the overall positive impact on biodiversity expected, it would as well be 
unnecessary, unlike in other more sensitive or negative impact scenarios. 

 
For this project, an optimal solution would be to use for biodiversity monitoring one of the 
taxonomic groups which is an essential part of ecosystem biodiversity, quite well correlated with 
total species richness, for which past information is available, is easy to census, and readily 
understandable to non-experts. Birds, therefore, are one the best indicator taxonomic groups and 
are recommended here. 
 
Presence-absence information needs to be maintained, as well as census counts, particularly of 
migratory species, which should be compared with figures being produced by others in the 
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overall migratory corridors (flyways).  One can then see if changes noted are general for the 
species or are specific to the areas being measured (and thus plausibly attributable to the project).  
The presence-absence and numbers of rare or listed species should be of particular note. 
 
While only part of the biodiversity story, birds seem to be the most practical and immediate 
indicator available, and in work on indicators in the CBD and the OECD as well as in Europe 
through the EEA, birds are being prominently featured in theoretical and practical discussions of 
biodiversity indicators. 
 
3.4  Census method 
Three main type of bird counting methods are usually used for non-colonial breeding birds – 
territory mapping, point counts, line transects. For colonial birds the most often one is counting 
nests in colonies. 
 
Comparing three above-mentioned methods for non-colonial breeding birds, a majority of 
specialists agree that line transect methods are the most time and cost effective ways of 
achieving reliable figures.  
 
The transect method can be used year round, but during breeding season, when birds strictly 
found in their nesting areas, is the most important time for the monitoring biodiversity of 
concrete parcels of land such as found in the afforestation project. 
  
The total length of route covered in a transect depends on the aims of the study and on resources 
available. As a rough guide, a minimum of about 40 registrations are needed for a reasonably 
precise estimate of density of any species. But in the case of rarer species, it can take tens of 
kilometers to achieve that number of registrations. That is why practical consideration (e.g. time 
available to spend in the field, and size of the area to be censused) may well be the 
overwhelming consideration. The total length of routes in each type of biotopes equal to about 
4500 m is a good compromise between demands for accuracy of counts and the time and area 
available. 
 
For analytical purposes, census routes should be established and divided into transects of fixed 
length. Their length would be greater in more uniform or species-poor habitats (up to a 
kilometer) and as short as 100 m in richer or more varied habitats. Taking into consideration that 
a majority of biotopes in this project area that will be inventoried and monitored are quite 
species-poor ones (an exception might be oak forest), transects in the order of 300 m in length 
could be recommended for bird census.  This is based on some bird counting that was done 
during the field visit to Romania 
 
If several different transects are undertaken on a plot, they should be sufficiently far apart to 
ensure that the same individual is not counted twice. In open habitats that should be not less than 
400-500 m apart, and in closed habitats (shrubs, forest) – 200-300 m apart.   
 
Coordinates of transects should be defined with GPS, or marked on large-scale maps/ plans, so 
the same transect can be taken at different times and in different conditions. 
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Estimation of a bird species’ relative density depends on the way of measurement of distance of 
bird from the transect route. In all cases the critical distance should be perpendicular from the 
transect to the bird, not from the observer to the bird. 
 
To simplify field census and calculation of densities, the two-belt line transect method could be 
used.  Calculation of densities from the two-belt method is described Bibby et al. (1992) 
 
The summary for the method for inventory and monitoring of birds, as indicator group for 
evaluation of biodiversity, is placed in Table D-2. 

 
Table D- 2 Summary description of the method for the birds inventory and monitoring 

Characteristic Value 
Method Line transect  
Total route length in each habitat 4500 m 
Length of transect 300 m 
Number of transects per habitat 15  
Distance between transects Open habitats – not less than 400-500 m 

Close habitats – not less than 200-300 m 
Distance measuring  Perpendicular from the transect to the bird  
Amount of counting belts Two belts 
Number of visits  Two visits – 1st – end of April – beginning 

of May, 2nd – end of May – beginning of 
June. 

Walking speed   2 km per hour 
Time of counting   During 4-5 hours from sunrise  
 

An additional method - counting of the nests of colonial birds – should be used on The Small 
Island Braila, in colonies located near afforested plots. 
 
For more detailed descriptions of the line transect method,see the manuals of  Bibby et el. 
(1992), Koskimies and Vaisanen (1991)  and Sutherland (1996).   
 
3.5  Spatial scheme for field work 
 
According to Table D-1, within the project, arable lands, vineyards, pastures will be afforested 
with Robinia, Oak, Poplar trees. Thus for baseline information, an inventory should be done on 
arable lands, vineyards, pastures, and monitoring should be done in all above mentioned types of 
afforested sites. To simplify a spatial scheme for inventory and monitoring, and to keep costs to a 
minimum, it is necessary to minimize the number of habitats and regions for field work.  
 
As already mentioned above it is logical to combine all counties into 3 groups (regions): 
 
I -DOLJ County (A1), MEHEDINŢI county (A2), OLT county (A3) 

GALAŢI county (B2), VASLUI county (B4) 
 

II -  BRAILA county (B1) 
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III - TULCEA county (B3) 

  
BRAILA county afforestation areas are located on the Danube islands, with specific hydrological 
regime, vicinity of river and internal lakes, reed beds, etc. TULCEA county afforestation areas 
are located the in specific geographic  region – Machin mountains – characterised by numbers of 
endemic and rare species, remains of steppe grasslands, other types of soil and other 
peculiarities. The rest of areas, located in DOLJ, MEHEDINŢI, OLT, GALAŢI, VASLUI, are 
more similar to each other and is possible to combine them into one group for monitoring 
purposes. 

 
Turning to the habitats it is possible to see that the main directions of the habitat 
transformation as a result of afforestation are the following: 
 
 
  
 
 
 
 
 
   
 
 
 
Arable lands planned for afforestation are concentrated in county by groups  I and II. Arable 
lands, as the most transformed biotope type with the poorest biodiversity, are similar with 
regards to levels of  biodiversity. Considering that the amount of arable land to be afforested 
in BRAILA county (group II) is comparatively small, and that its location is more remote, it 
would be suitable to use for inventory just the arable lands from group I. 
 
The former vineyards areas are located in group I - DOLJ and OLT counties, which are close 
and similar to each other. Hence, an inventory of vineyard biodiversity could be done in both 
the above-mentioned counties. 
 
Pastures are present in all 3 groups. When taking into consideration that pastures usually are 
natural or semi-natural habitats, and could reflect regional biodiversity peculiarities, for this 
type of habitat inventory should be done in all three regions.  
 
It is important to note that the baseline inventory will only be conducted once, before the 
beginning of the project.  Nevertheless, it would be appropriate and wise to continue to 
monitor one or two representative sites (pasture, vineyard, arable) outside the project areas so 
as to develop and maintain control areas against which the changes noted within the project 
areas could be compared. 
 
 

Arable lands 

Vineyards 

Pastures

Pastures  

Pastures  

Robinia forest

Poplar forest

Oak forest
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Table D-3. Summary information on spatial planning for inventory  and monitoring 
Group Land Administrator Area  

(ha) 
Previous / 

current 
situation 

Recommended 
forest type/ 

potential 
production 

class* 

Number of 
transects (not 

counting control 
sites) 

     Inven-
tory 

Monito-
ring 

I A1 DOLJ County  
A2 MEHEDINŢI county  
A3 OLT county 
B2 GALAŢI county 
B4 VASLUI county 

3949,88 Vineyard, 
arable land, 
pastures  

Robinia/II-IV 
Quercus 
cerris/IV 

V15 
A15  
P15  

 
R15 
 

II B1 BRAILA county 2234,20 Arable land, 
new island, 
Pasture 

Robinia III-IV 
(535,20) 
Populus sp./III-
II (1700 ha) 

P15  Pop15 

III B3 TULCEA county 738,37 Pastures Robinia/III-IV 
Quercus cerris 
/IV 

P15  O15 
 
 

 
Legend : V- vineyard, A- arable land, P – pasture, R- Robinia  forest, Pop – Poplar forest, O 
– Oak forest;  V15 – fifteen transect in vineyards, R15 – transects in Robinia forests etc.  

 
Ecological flexibility of the majority birds species allows one to suppose that, without 
negative impact on monitoring quality, it is possible to combine in one habitat all Robinia 
forests of II, III, and IV production classes. The same could be done for Oak and Poplar 
forests. Also it is logical to suppose that there is no big difference between the biodiversity of 
Robinia forests in all three regions. Hence it is possible to conduct Robinia monitoring just in 
group I, where will be planted mostly in Robinia. 
 
Poplar forests will be planted only in group II (BRAILA county, the Small island of Braila), 
so monitoring of this type of forest should be done in this region. Oak forests will be planted 
in regions I and III, but mainly III. Thus, monitoring of this type is more suitable to be 
conducted in  group III ( TULCEA county). 
 

A summary of the spatial planning of inventory and monitoring and transect numbers is in Table 
3-D. 
 
3.6  Time cost for field work  
 
To plan field work it is necessary to calculate the time needed. It can only be approximated, but 
it is sufficient enough to make a clear work schedule. 
 
As per above, inventory requires 75 transects of 0,3 km each. Total length of the routes will be 
75 x 0,3 km = 22,5 km. Considering that the walking speed during a bird census is about 2 km/h, 
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the amount of direct counting time is 11 hours 15 minutes (or 3 working days since it is possible 
only to do proper counts just during the 4-5 hours from sunrise). If one takes into account that 
time also is needed to move from transect to transect, and roughly calculate it as 50% of direct 
counting time, it takes about 5 hours (1 working day). Also it is necessary to add time needed to 
move from region to region (3 regions; see Table 3) – 3 days. Thus in total it will take 7 days for 
one visit. For two visits it will take – 14 working days. 
The calculation for monitoring is similar.(see Table 4-D)   

 
Table D-4.  Time cost for inventory and monitoring 

Characteristic Value 
Inventory  
Amount of transects 75 
Total length of routs, km 22,5 
Direct time for counting  11h 15m or 3 days 
Time for movement between transects  5h or 1 day 
Time for movement between regions 3 days 
Total time for 1 visit  7 days 
Total time for 2 visits 14 days  
  
Monitoring  
Amount of transects 45 
Total length of routs, km 13,5 
Direct time for counting  6h45m or 2 days 
Time for movement between transects  3h20m or 1 day 
Time for movement between regions 3 days 
Total time for 1 visit  6 days 
Total time for 2 visits 12 days  

  
Counting of the nests in colonies on the Small island of Braila will not require much time and 
could be conducted  at the same time  as line transect counts, but using the afternoon. 
 
3.7  Sampling interval   
 
Inventory should be done prior to the beginning of the project.  Monitoring should be done 
immediately after the project and then every 5-years : 5th, 10th, 15th years after afforestation.  
Control sites should be done each time as well. 

3.8  Sources of Expertise for Inventory and Monitoring 

 
Because expertise and training is required to do bird census inventory and monitoring, it will be 
appropriate for the project organizers to seek such experienced expertise locally, and within a 
non-government organization already carrying out such work within Romania.  This will entail 
cost savings, as well as recruiting into the project work a local NGO (BirdLife Partner?).  
Otherwise, commercial firms could do the work (expensive) or expertise could be developed 
within the project (again expensive).  The expertise may already reside in government, but that 
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too would need to be compensated for the extra work on behalf of the project, and that would be 
more expensive than assisting an NGO to carry out the work. 

3.9  Additional sources of information on biodiversity of afforested areas 

 
Besides the monitoring program there are several other sources of information on biodiversity in 
afforested areas that will assist in ensuring a positive (or at least benign) biodiversity effect of the 
project, and/or measuring those effects.  
 
The first is related to the Romanian census of game species. According to the Law on Hunting 
Fund and Protection of Game (1998), hunting management units and the central public authority 
responsible for the forestry shall control and organize management of a hunting fund, including 
approval of annual harvesting quotas. So, annually, for each hunting management unit, hunting 
organizations conduct the field census of game species.   
 
The second is a special department for forest survey, including pest control, within the NFA. The 
Romanian forest survey system, through the national permanent plot network, is based on 
(Badea, O et al. 1998) : 

 annual records including information on the status of tree crowns and the damage caused 
by different factors (biotic, abiotic, humans, etc.); 

 periodic records (every 5 years) related to the elaboration of the National Forestry 
Inventory regarding the status and evolution of the main parameters of the forestry estate 
and its capacity to fulfill its socioeconomic functions. 

 foresters collect field information from every district in the country.  
 

The third possibility to facilitate inventory and monitoring for the aims of the current project 
is through the administration of the National Park, which, according to the Integrated 
Management Plan for the Small Island of Braila , shall be responsible for implementation of 
this plan and, in any case, will conduct monitoring of biodiversity.  This is, of course, only 
within that area and not for all the project sites. 
 
Finally, there are bird surveys conducted annually through organizations such as BirdLife 
International and Wetlands International which not only may have data (historical as well) 
for Romania, but may well sample similar sites to those of concern for this project.  At least 
this information can be used to ascertain what is happening to observed species elsewhere in 
the flyway so as to filter out to some extent extraneous factors from those that may be related 
to the project activities. 
 
Thus there are a good opportunities to obtain additional information on plants, some 
invertebrates and game species animals for some of the areas or generally, which is possible 
to be used to evaluate changes in biodiversity on the afforested plots. 
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Appendix I 
 
Table 1a: Biomass Parameters – Other CO2FIX Models 

 
 

CO2FIX Age Fraction Foliage
Model Years Removed LogWood Pulp Slash LogWood Pulp Slash Slash FireWood Soil

Oak 10 0.30 0.00 0.92 0.08 0.00 0.92 0.08 1.00 0.56 0.44

20 0.30 0.00 0.92 0.08 0.00 0.92 0.08 1.00 0.00 1.00
30 0.30 0.00 0.92 0.08 0.00 0.92 0.08 1.00 0.00 1.00
40 0.30 0.00 0.92 0.08 0.00 0.92 0.08 1.00 0.00 1.00
50 1.00 0.00 0.92 0.08 0.00 0.92 0.08 1.00 0.00 1.00

Pine 10 0.20 0.42 0.58 0.00 1.00 0.00 0.00 1.00 0.00 1.00
20 0.35 0.42 0.58 0.00 1.00 0.00 0.00 1.00 0.00 1.00
30 0.35 0.42 0.58 0.00 1.00 0.00 0.00 1.00 0.00 1.00
40 0.35 0.70 0.20 0.10 1.00 0.00 0.00 1.00 0.00 1.00
50 0.80 0.70 0.20 0.10 1.00 0.00 0.00 1.00 0.00 1.00

Spruce 25 0.20 0.00 0.70 0.30 0.00 0.10 0.90 0.90 0.00 1.00
45 0.20 0.30 0.60 0.10 0.00 0.10 0.90 0.90 0.00 1.00
55 0.20 0.35 0.55 0.10 0.00 0.15 0.85 0.85 0.05 0.95
70 0.20 0.55 0.40 0.05 0.05 0.15 0.80 0.80 0.10 0.90
95 0.10 0.70 0.25 0.05 0.10 0.15 0.75 0.75 0.15 0.85

Dougas Fir 30 0.27 0.00 0.70 0.30 0.00 0.00 1.00 1.00 0.00 1.00
50 0.25 0.00 0.80 0.20 0.00 0.00 1.00 1.00 0.00 1.00
70 0.23 0.40 0.50 0.10 0.00 0.00 1.00 1.00 0.00 1.00
90 0.22 0.60 0.40 0.00 0.00 0.10 0.90 1.00 0.00 1.00

110 0.20 0.60 0.30 0.10 0.00 0.10 0.90 1.00 0.10 0.90
125 1.00 0.60 0.30 0.10 0.20 0.30 0.50 1.00 0.10 0.90

Teak 3 0.50 0.70 0.00 0.30 0.00 0.00 1.00 1.00 0.00 1.00
10 0.60 0.70 0.00 0.30 0.00 0.00 1.00 1.00 0.00 1.00
20 0.50 0.70 0.00 0.30 0.00 0.00 1.00 1.00 0.00 1.00
30 0.25 0.70 0.00 0.30 0.00 0.00 1.00 1.00 0.00 1.00
40 1.00 0.70 0.00 0.30 0.00 0.00 1.00 1.00 0.00 1.00

Stems Branches Slash
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Table 1b: Biomass Parameters for Project 

 
 
 

Project Age Fraction Foliage
Model Years Removed LogWood Pulp Slash LogWood Pulp Slash Slash FireWood Soil

Robinia III 6 0.15 0.15 0.00 0.85 0.10 0.00 0.90 1.00 0.50 0.50
13 0.10 0.25 0.10 0.65 0.15 0.00 0.85 1.00 0.60 0.40
20 0.10 0.45 0.10 0.45 0.25 0.00 0.75 1.00 0.70 0.30
30 1.00 0.65 0.10 0.25 0.25 0.00 0.75 1.00 0.70 0.30

Robinia IV 6 0.15 0.10 0.00 0.90 0.10 0.00 0.90 1.00 0.50 0.50
13 0.10 0.25 0.10 0.65 0.15 0.00 0.85 1.00 0.60 0.40
20 0.10 0.45 0.10 0.45 0.25 0.00 0.75 1.00 0.70 0.30
30 1.00 0.65 0.10 0.25 0.25 0.00 0.75 1.00 0.70 0.30

Robinia V 6 0.15 0.10 0.00 0.90 0.10 0.00 0.90 1.00 0.50 0.50
13 0.10 0.25 0.10 0.65 0.15 0.00 0.85 1.00 0.60 0.40
20 0.10 0.45 0.10 0.45 0.25 0.00 0.75 1.00 0.70 0.30
30 1.00 0.65 0.10 0.25 0.25 0.00 0.75 1.00 0.70 0.30

Oak IV 15 0.15 0.10 0.00 0.90 0.05 0.00 0.95 1.00 0.50 0.50
30 0.14 0.20 0.25 0.55 0.05 0.00 0.95 1.00 0.60 0.40
40 0.12 0.20 0.30 0.50 0.05 0.00 0.95 1.00 0.65 0.35
50 0.10 0.45 0.25 0.30 0.10 0.10 0.80 1.00 0.65 0.35
60 0.08 0.50 0.20 0.30 0.10 0.10 0.80 1.00 0.60 0.40
70 0.08 0.60 0.20 0.20 0.15 0.15 0.70 1.00 0.60 0.40
80 0.07 0.65 0.20 0.15 0.15 0.15 0.70 1.00 0.60 0.40
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

Oak V 15 0.15 0.10 0.00 0.90 0.05 0.00 0.95 1.00 0.50 0.50
30 0.14 0.20 0.25 0.55 0.05 0.00 0.95 1.00 0.60 0.40
40 0.12 0.20 0.30 0.50 0.05 0.00 0.95 1.00 0.65 0.35
50 0.10 0.45 0.25 0.30 0.10 0.10 0.80 1.00 0.65 0.35
60 0.08 0.50 0.20 0.30 0.10 0.10 0.80 1.00 0.60 0.40
70 0.08 0.60 0.20 0.20 0.15 0.15 0.70 1.00 0.60 0.40
80 0.07 0.65 0.20 0.15 0.15 0.15 0.70 1.00 0.60 0.40
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
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Table 2: Production Line Parameters 
 

 
 
 

Raw  M aterial Allocation
Saw n Boards Paper F ireW ood M odel

Logs 0.50 0.30 0.10 0.10 High T echnology  Default Values

0.20 0.30 0.10 0.40 Low T echnology  Default Values

0.80 0.10 0.10 0.00 Spruce

0.50 0.30 0.10 0.10 DFir Beech

0.80 0.15 0.00 0.05 Pine Oak

0.50 0.20 0.00 0.30 R obinia

0.50 0.20 0.00 0.30 Oak

Pulp NA 0.00 0.80 0.20 High T echnology  Default Values

0.00 0.80 0.20 Low T echnology  Default Values

0.20 0.80 0.00 Spruce

0.05 0.90 0.05 DFir Beech

0.05 0.90 0.05 Pine Oak

0.10 0.00 0.90 R obinia

0.00 0.50 0.50 Oak

Process Losses
Boards Paper F ireW ood M illDum p M odel

Saw n 0.10 0.12 0.15 0.00 High T echnology  Default Values

0.10 0.12 0.35 0.20 Low T echnology  Default Values

0.30 0.20 0.00 0.00 Spruce

0.10 0.12 0.15 0.00 DFir Beech

0.00 0.10 0.20 0.20 Pine Oak

0.10 0.00 0.20 0.10 R obinia

0.10 0.00 0.20 0.10 Oak

Boards NA 0.05 0.10 0.00 High T echnology  Default Values

0.05 0.20 0.20 Low T echnology  Default Values

0.10 0.00 0.00 Spruce

0.05 0.10 0.00 DFir Beech

0.05 0.20 0.10 Pine Oak

0.00 0.15 0.10 R obinia

0.00 0.15 0.10 Oak

Paper 0.10 0.00 High T echnology  Default Values

0.20 0.20 Low T echnology  Default Values

0.11 0.00 Spruce

0.10 0.00 DFir Beech

0.10 0.05 Pine Oak

0.15 0.05 R obinia

0.15 0.05 Oak

F ireW ood 0.00 High T echnology  Default Values

0.05 Low T echnology  Default Values

0.00 Spruce

0.00 DFir Beech

0.00 Pine Oak

0.02 R obinia

0.02 Oak
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Table 3: End Product Parameters 
 

 
 
 

P ro d u cts Allo cated
L o n g M ed iu m S h o rt M odel

S aw n 0.60 0.30 0.10 High  T echnology  Defau lt V alues

0.10 0.30 0.60 Low  T echnology  Defau lt V alues

0.50 0.30 0.20 S pruce

0.60 0.30 0.10 DFir Beech

0.50 0.25 0.25 Pine O ak

0.60 0.30 0.10 R obin ia

0.60 0.30 0.10 O ak

B o ard s 0.20 0.60 0.20 High  T echnology  Defau lt V alues

0.10 0.30 0.60 Low  T echnology  Defau lt V alues

0.20 0.40 0.40 S pruce

0.20 0.40 0.40 DFir Beech

0.30 0.50 0.20 Pine O ak

0.30 0.40 0.30 R obin ia

0.30 0.40 0.30 O ak

P ap er 0.00 0.10 0.90 High  T echnology  Defau lt V alues

0.00 0.04 0.96 Low  T echnology  Defau lt V alues

0.01 0.10 0.89 S pruce

0.01 0.10 0.89 DFir Beech

0.01 0.10 0.89 Pine O ak

0.00 0.10 0.90 R obin ia

0.00 0.10 0.90 O ak

E n d  o f L ife
R ecyclin g E n erg y L an d fill M odel

L o n g 0.10 0.60 0.30 High  T echnology  Defau lt V alues

0.02 0.30 0.68 Low  T echnology  Defau lt V alues

0.20 0.70 0.10 S pruce

0.10 0.10 0.80 DFir Beech

0.10 0.80 0.10 Pine O ak

0.05 0.80 0.15 R obin ia

0.05 0.80 0.15 O ak

M ed iu m 0.20 0.70 0.10 High  T echnology  Defau lt V alues

0.04 0.30 0.66 Low  T echnology  Defau lt V alues

0.20 0.70 0.10 S pruce

0.20 0.60 0.20 DFir Beech

0.10 0.80 0.10 Pine O ak

0.05 0.80 0.15 R obin ia

0.05 0.80 0.15 O ak

S h o rt 0.40 0.60 0.00 High  T echnology  Defau lt V alues

0.15 0.40 0.45 Low  T echnology  Defau lt V alues

0.40 0.50 0.10 S pruce

0.40 0.50 0.10 DFir Beech

0.20 0.75 0.05 Pine O ak

0.15 0.75 0.10 R obin ia

0.15 0.75 0.10 O ak
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Table 4: Recycling Life Span Parameters 
 

 
 
 

Recycling Table
Long Medium Short Model

Long 0.00 0.50 0.50 High Technology Default Values

0.00 0.20 0.80 Low Technology Default Values

0.10 0.50 0.40 Spruce

0.00 0.50 0.50 DFir Beech

0.00 0.20 0.80 Pine Oak

0.00 0.40 0.60 Robinia

0.00 0.40 0.60 Oak

Medium 0.50 0.50 High Technology Default Values

0.10 0.90 Low Technology Default Values

0.20 0.80 Spruce

0.50 0.50 DFir Beech

0.20 0.80 Pine Oak

0.30 0.70 Robinia

0.30 0.70 Oak

Short 0.00 High Technology Default Values

0.00 Low Technology Default Values

0.00 Spruce

0.00 DFir Beech

0.00 Pine Oak

0.00 Robinia

0.00 Oak

Life Span (Years)
Long Medium Short MillDump LandFill

30 15 1 5 145 High Technology Default Values

20 10 1 10 145 Low Technology Default Values

30 15 1 10 145 Spruce

30 15 1 10 145 DFir Beech

40 14 1 25 50 Pine Oak

40 15 1 10 145 Robinia

40 15 1 10 145 Oak
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Appendix II 
 
 

 
 

 
 

 
 
 
 

Alternative Land Use Vineyard

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           

Alternative Land Use 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           

Alternative Land Use 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           
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Alternative Land Use 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           

Alternative Land Use Maize

Estimated Increase in Inputs (%)
Description Unit Cost Units Cost $ Yrs 1-5 Yrs 6-10 Yrs 11-15 Yrs 20+
Labour 150,000           20 90           6 10 15 17
Machines 640,000           5 97           7 10 15 17
Materials 5,000,000         1 151         3 5 8 10
Land 2,000,000         1 60           2 3 5 8
Other 650,000           1 20          2 2 4 7

Total 418        

Estimated Decrease in Yields (%)
Description Yield (kg) Price Value $ Yrs 1-5 Yrs 6-10 Yrs 11-15 Yrs 20+
Maize 3,500               2,800             296         10 15           20           25           

Altern ative  L an d  U se P astu re

Y ie ld s
M ilk  ( l/E we) C heese (kg /E we) P rice /kg R ev enue Le i R ev enue $ /ha

40 20 70 ,000        1 ,400 ,000      42 .23                
W oo l (kg /ewe)

3 60 ,000        180 ,000         5 .43                  

Lam bing  R a te
0 .9

M ea t (kg /ewe)
12 100 ,000      1 ,200 ,000      36 .20                

S tock ing  (ewe/ha ) 0 .66

C o sts F ertilizer $/ha
R en ta l 1 ,500,000           4 ,500 ,000    135 .75            

N o te : F ertil ize r app lied  ev e ry  5  years
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Table 1: Landuse Alternative Scenarios  

 
 
 
 

Altern ative    L an d  
U se

C o st o f 
In p u ts  

In crease

D ecrease 
in  C ro p  
Y ie ld s

P rice  
In crease 

10%

N P V  @  
5%  

(U S $/h a)

N P V  @  
7% 

(U S $/h a)

N P V  @  
3%  

(U S $/h a)
V in eyard N o N o N o -7 ,243 -5,958 -9,059

Y es N o N o -9 ,999 -8,031 -12,822
N o Y es N o -9 ,644 -7,676 -12,493
N o N o Y es -6 ,074 -4,997 -7,597
Y es Y es N o -12,400 -9,749 -16,256
Y es N o Y es -8 ,831 -7,070 -11,360
N o Y es Y es -8 ,715 -6,886 -11,375
Y es Y es Y es -11,472 -8,959 -15,138

W in ter W h eat N o N o N o -3 ,822 -3,144 -4,781
Y es N o N o -4 ,285 -3,493 -5,411
N o Y es N o -4 ,115 -3,363 -5,182
N o N o Y es -3 ,550 -2,920 -4,440
Y es Y es N o -4 ,578 -3,712 -5,813
Y es N o Y es -4 ,012 -3,268 -5,070
N o Y es Y es -3 ,872 -3,161 -4,882
Y es Y es Y es -4 ,334 -3,509 -5,512

M elo n N o N o N o -1 ,948 -1,602 -2,436
Y es N o N o -3 ,814 -3,005 -4,985
N o Y es N o -3 ,127 -2,488 -4,048
N o N o Y es -487 -401 -609
Y es Y es N o -4 ,994 -3,891 -6,597
Y es N o Y es -2 ,354 -1,804 -3,158
N o Y es Y es -1 ,784 -1,375 -2,382
Y es Y es Y es -3 ,651 -2,778 -4,931

P each  O rch ard N o N o N o -5 ,023 -4,132 -6,283
Y es N o N o -8 ,115 -6,449 -10,513
N o Y es N o -9 ,853 -7,684 -13,020
N o N o Y es -2 ,978 -2,450 -3,725
Y es Y es N o -12,944 -10,001 -17,250
Y es N o Y es -6 ,070 -4,767 -7,955
N o Y es Y es -8 ,291 -6,357 -11,136
Y es Y es Y es -11,382 -8,674 -15,365

M aize N o N o N o -1 ,972 -1,622 -2,466
Y es N o N o -2 ,457 -1,987 -3,128
N o Y es N o -2 ,672 -2,152 -3,414
N o N o Y es -1 ,495 -1,230 -1,870
Y es Y es N o -3 ,157 -2,518 -4,075
Y es N o Y es -1 ,980 -1,595 -2,531
N o Y es Y es -2 ,264 -1,813 -2,912
Y es Y es Y es -2 ,749 -2,178 -3,573

Note:   E xchange rate =  33,150 Lei / US $

C rops grow n fo r pro ject life  - 30 y ears

  M ost likely  scenario
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Appendix III 

 

Year-End Balance of Regeneration Fund (US$ million)
Timber 
Price 
US$/m3

Harvest 
Volume 
million m3

Regen 
Area 
'000ha

% Other 
Costs

Year 2002 Year 2003 Year 2004 Year 2005

15 13 14 17.5 23.14 29.47 35.76 42.53
14 20.54 24.27 27.96 32.13
13 17.94 19.07 20.16 21.73
12 15.34 13.87 12.36 11.33

15 12 14 17.5 20.14 23.47 26.76 30.53
14 17.74 18.67 19.56 20.93
13 15.34 13.87 12.36 11.33
12 12.94 9.07 5.16 1.73

15 11 14 17.5 17.14 17.47 17.76 18.53
14 14.94 13.07 11.16 9.73
13 12.74 8.67 4.56 0.93
12 10.54 4.27 -2.04 -7.87

15 13 13 17.5 25.26 33.70 42.11 51.00
14 22.66 28.50 34.31 40.60
13 20.06 23.30 26.51 30.20
12 17.46 18.10 18.71 19.80

15 12 13 17.5 22.26 27.70 33.11 39.00
14 19.86 22.90 25.91 29.40
13 17.46 18.10 18.71 19.80
12 15.06 13.30 11.51 10.20

15 11 13 17.5 19.26 21.70 24.11 27.00
14 17.06 17.30 17.51 18.20
13 14.86 12.90 10.91 9.40
12 12.66 8.50 4.31 0.60

15 13 14 25 21.25 25.68 30.08 34.97
14 18.65 20.48 22.28 24.57
13 16.05 15.28 14.48 14.17
12 13.45 10.08 6.68 3.77

15 12 14 25 18.25 19.68 21.08 22.97
14 15.85 14.88 13.88 13.37
13 13.45 10.08 6.68 3.77
12 11.05 5.28 -0.52 -5.83

15 11 14 25 15.25 13.68 12.08 10.97
14 13.05 9.28 5.48 2.17
13 10.85 4.88 -1.12 -6.63
12 8.65 0.48 -7.72 -15.43

15 13 13 25 23.50 30.19 36.84 43.98
14 20.90 24.99 29.04 33.58
13 18.30 19.79 21.24 23.18
12 15.70 14.59 13.44 12.78

15 12 13 25 20.50 24.19 27.84 31.98
14 18.10 19.39 20.64 22.38
13 15.70 14.59 13.44 12.78
12 13.30 9.79 6.24 3.18

15 11 13 25 17.50 18.19 18.84 19.98
14 15.30 13.79 12.24 11.18
13 13.10 9.39 5.64 2.38
12 10.90 4.99 -0.96 -6.42
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Appendix IV 
 

Robinia Site Class III - Carbon 
 
 

Year

Stems Foliage Branches Roots Biomass 
Total

Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Litter 
Total

Soil - 
Litter

Soil Total Products Total

Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0               -               -               -               -               -               -               -               -               -               -               -               -               -   
1 146           205         205         256         813         -          -          -          -          -          -          -          813         
2 632           800         851         1,023      3,306      73           15           -          88           -          88           -          3,394      
3 1,490        1,639      1,899      2,154      7,181      290         57           15           362         88           449         -          7,623      
4 2,713        2,564      3,254      3,434      11,965    600         127         49           776         384         1,160      -          13,122    
5 4,291        3,471      4,820      4,667      17,250    940         226         95           1,261      909         2,170      -          19,428    
6 5,858        4,141      6,129      5,518      21,645    1,584      764         355         2,703      1,634      4,337      666         25,984    
7 7,826        4,972      7,474      6,458      26,730    1,929      1,034      693         3,655      3,207      6,862      983         33,592    
8 10,911      6,333      9,417      8,075      34,736    1,852      628         800         3,280      4,731      8,011      329         42,747    
9 14,705      7,750      11,392    9,946      43,793    2,237      564         872         3,673      5,265      8,938      166         52,738    
10 19,089      9,102      13,147    11,931    53,269    2,718      626         957         4,301      6,064      10,365    155         63,644    
11 23,928      10,204    14,672    13,910    62,714    3,189      700         1,057      4,946      7,147      12,092    146         74,808    
12 29,008      10,879    16,055    15,736    71,677    3,583      785         1,200      5,568      8,388      13,955    136         85,633    
13 32,831      10,766    16,618    16,669    76,883    4,318      1,514      1,764      7,596      9,676      17,272    1,927      94,148    
14 36,336      10,344    16,817    17,183    80,680    4,484      1,859      2,454      8,797      11,981    20,778    2,877      101,448  
15 41,696      10,320    17,678    18,312    88,006    3,833      1,186      2,685      7,704      13,968    21,672    1,221      109,683  
16 47,601      10,312    18,589    19,495    95,997    3,737      1,016      2,856      7,608      14,130    21,738    772         117,745  
17 53,665      10,384    19,425    20,676    104,150  3,760      1,050      3,076      7,886      14,335    22,222    717         126,381  
18 59,882      10,540    20,187    21,875    112,484  3,809      1,106      3,335      8,251      14,730    22,980    684         135,474  
19 66,251      10,758    20,871    23,095    120,976  3,890      1,163      3,633      8,686      15,234    23,919    656         144,904  
20 69,802      10,586    20,638    23,359    124,385  4,510      1,974      4,371      10,856    15,834    26,691    4,140      151,086  
21 72,381      10,381    20,057    23,279    126,098  4,660      2,322      5,222      12,205    17,753    29,958    6,328      156,058  
22 78,323      10,753    20,393    24,234    133,703  4,018      1,474      5,567      11,059    19,513    30,572    3,489      164,268  
23 84,962      11,135    20,883    25,318    142,298  4,033      1,226      5,844      11,103    19,388    30,491    2,595      172,778  
24 91,570      11,412    21,323    26,296    150,601  4,176      1,236      6,168      11,581    19,448    31,029    2,436      181,629  
25 98,158      11,625    21,700    27,176    158,659  4,287      1,265      6,533      12,086    19,837    31,923    2,325      190,581  
26 104,675    11,707    22,025    27,946    166,353  4,377      1,293      6,921      12,592    20,383    32,975    2,227      199,321  
27 111,044    11,596    22,318    28,585    173,543  4,426      1,322      7,335      13,084    21,002    34,086    2,132      207,619  
28 117,265    11,337    22,567    29,106    180,275  4,412      1,343      7,786      13,541    21,619    35,160    2,044      215,426  
29 123,344    10,974    22,775    29,513    186,606  4,338      1,370      8,260      13,967    22,178    36,145    1,965      222,742  
30 78,163      6,630      14,118    18,327    117,238  9,667    10,607  12,581  32,855  22,670  55,525  58,751    172,761  
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Robinia Site Class IV - Carbon 

 
 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -               -   
1 52           74           70           92           287         -          -          -          -          -          -          -          287         
2 158         188         191         243         780         26           4             -          29           4             33           -          810         
3 362         387         410         512         1,671      70           15           4             88           29           118         -          1,789      
4 667         626         692         837         2,822      143         29           11           183         96           278         -          3,097      
5 1,070      871         995         1,165      4,102      233         51           22           306         216         522         -          4,623      
6 1,405      1,013      1,206      1,368      4,992      437         201         114         752         390         1,142      210         6,131      
7 1,995      1,277      1,564      1,708      6,545      369         94           128         591         843         1,434      18           7,975      
8 2,523      1,428      1,835      1,931      7,717      573         229         217         1,018      934         1,953      220         9,662      
9 3,297      1,687      2,269      2,314      9,567      507         123         231         861         1,362      2,224      32           11,787    
10 4,169      1,918      2,728      2,704      11,519    597         130         249         977         1,451      2,428      32           13,939    
11 5,113      2,101      3,190      3,083      13,486    677         152         268         1,096      1,647      2,743      29           16,233    
12 6,143      2,240      3,655      3,451      15,489    745         170         297         1,212      1,878      3,090      29           18,575    
13 6,800      2,201      3,867      3,584      16,451    924         409         440         1,772      2,117      3,889      566         20,340    
14 7,953      2,269      4,296      3,897      18,415    787         232         468         1,487      2,693      4,180      117         22,592    
15 8,753      2,167      4,473      3,976      19,369    939         440         614         1,994      2,744      4,738      619         24,107    
16 10,010    2,206      4,855      4,247      21,318    780         271         643         1,694      3,212      4,906      180         26,217    
17 11,310    2,221      5,201      4,496      23,228    802         271         687         1,759      3,193      4,952      162         28,180    
18 12,636    2,253      5,522      4,748      25,159    809         293         738         1,839      3,284      5,123      151         30,275    
19 13,990    2,293      5,807      5,001      27,091    827         311         795         1,933      3,399      5,333      144         32,420    
20 14,512    2,219      5,742      4,974      27,447    974         586         982         2,542      3,541      6,083      1,212      33,527    
21 15,924    2,310      5,980      5,234      29,448    823         354         1,036      2,213      4,068      6,281      413         35,729    
22 16,533    2,273      5,889      5,214      29,909    979         591         1,214      2,784      4,046      6,830      1,395      36,739    
23 17,995    2,381      6,094      5,463      31,933    846         361         1,268      2,475      4,493      6,967      612         38,900    
24 19,476    2,474      6,278      5,690      33,918    882         350         1,333      2,565      4,441      7,007      555         40,925    
25 20,978    2,554      6,440      5,903      35,874    921         358         1,409      2,688      4,507      7,196      527         43,073    
26 22,476    2,600      6,580      6,094      37,750    950         372         1,489      2,811      4,634      7,445      505         45,195    
27 23,978    2,621      6,699      6,263      39,560    971         379         1,583      2,934      4,779      7,713      483         47,276    
28 25,454    2,598      6,799      6,407      41,258    982         390         1,677      3,049      4,942      7,991      465         49,249    
29 26,912    2,544      6,878      6,529      42,863    978         397         1,782      3,157      5,097      8,254      444         51,120    
30 13,187    1,253      3,377      3,204      21,021    2,399    3,555    3,027    8,981    5,244    14,225  18,071    35,242    
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Robinia Site Class V - Carbon 

 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -   
1 4             6             5             7             22           -          -          -          -          -          -          -          22           
2 12           14           14           18           58           2             -          -          2             -          2             -          61           
3 43           52           49           65           209         5             1             -          6             3             9             -          217         
4 104         113         115         146         478         18           2             1             21           7             28           -          510         
5 198         187         203         248         836         40           8             1             49           29           78           -          912         
6 307         260         292         349         1,208      78           25           13           116         63           178         16           1,379      
7 460         339         394         449         1,641      94           24           15           132         136         268         2             1,912      
8 596         387         465         510         1,959      165         73           49           286         192         478         76           2,438      
9 804         472         583         613         2,472      163         58           66           286         343         630         47           3,103      
10 1,087      581         746         754         3,168      167         41           71           279         415         694         10           3,859      
11 1,414      680         922         904         3,920      205         42           79           326         460         785         8             4,707      
12 1,782      772         1,109      1,061      4,724      238         48           88           374         534         909         8             5,640      
13 2,161      844         1,285      1,200      5,490      286         75           107         469         628         1,097      59           6,585      
14 2,629      915         1,485      1,357      6,387      298         70           120         488         757         1,244      16           7,635      
15 2,964      909         1,586      1,421      6,880      381         168         182         732         851         1,583      253         8,466      
16 3,442      939         1,741      1,522      7,643      354         135         218         708         1,102      1,809      169         9,458      
17 4,057      982         1,940      1,666      8,645      334         99           232         665         1,198      1,862      65           10,510    
18 4,709      1,025      2,130      1,806      9,670      351         104         254         709         1,230      1,939      63           11,609    
19 5,391      1,074      2,314      1,954      10,732    367         117         280         763         1,289      2,052      58           12,783    
20 6,009      1,107      2,447      2,075      11,638    404         155         318         877         1,368      2,245      176         13,884    
21 6,750      1,164      2,612      2,233      12,758    401         136         352         889         1,504      2,393      86           15,148    
22 7,069      1,147      2,597      2,246      13,060    499         273         446         1,217      1,580      2,797      641         15,859    
23 7,641      1,186      2,657      2,337      13,822    456         219         508         1,183      1,868      3,052      494         16,881    
24 8,451      1,259      2,792      2,491      14,993    435         156         536         1,127      1,966      3,092      263         18,088    
25 9,272      1,323      2,913      2,635      16,143    460         159         573         1,191      1,978      3,169      241         19,316    
26 10,100    1,371      3,024      2,769      17,264    484         166         613         1,263      2,042      3,305      231         20,576    
27 10,945    1,413      3,122      2,896      18,375    501         174         660         1,335      2,131      3,465      222         21,840    
28 11,792    1,434      3,210      3,009      19,444    519         177         709         1,405      2,232      3,637      214         23,079    
29 12,641    1,436      3,289      3,112      20,477    530         182         763         1,475      2,331      3,806      203         24,287    
30 11,580    1,250      2,923      2,780      18,534    728       565       963       2,256    2,429    4,685    2,420      23,220    
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Poplar Site Class III – Carbon 

 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -               -   
1 176         232         208         232         848         -          -          -          -          -          -          -          848         
2 666         619         702         835         2,822      248         16           -          264         -          264         -          3,094      
3 1,626      1,119      1,469      1,884      6,098      665         62           16           743         256         999         -          7,104      
4 3,156      1,640      2,368      3,357      10,521    1,217      152         46           1,415      872         2,287      -          12,823    
5 5,245      1,997      3,060      5,051      15,353    1,799      281         106         2,186      1,919      4,105      -          19,470    
6 7,915      2,295      3,515      6,901      20,625    2,218      426         207         2,850      3,355      6,205      -          26,837    
7 11,174    2,544      3,777      8,882      26,377    2,592      574         359         3,525      4,930      8,455      -          34,837    
8 15,037    2,765      3,956      10,995    32,753    2,917      708         573         4,198      6,614      10,812    -          43,574    
9 19,513    2,957      4,198      13,251    39,918    3,222      829         857         4,908      8,359      13,267    -          53,192    
10 24,593    3,068      4,491      15,585    47,736    3,501      952         1,215      5,668      10,156    15,824    -          63,568    
11 30,058    3,120      4,817      17,842    55,837    3,693      1,076      1,658      6,427      11,990    18,418    -          74,268    
12 35,725    3,136      5,158      19,914    63,933    3,820      1,215      2,198      7,233      13,780    21,013    -          84,944    
13 41,413    3,136      5,490      21,694    71,733    3,903      1,358      2,834      8,094      15,490    23,584    -          95,309    
14 46,979    3,136      5,799      23,130    79,044    3,962      1,501      3,555      9,019      17,113    26,132    -          105,168  
15 52,437    3,136      6,090      24,239    85,902    4,009      1,643      4,365      10,017    18,649    28,665    -          114,555  
16 57,794    3,144      6,360      25,111    92,409    4,040      1,771      5,249      11,060    20,126    31,187    -          123,590  
17 63,058    3,151      6,617      25,828    98,655    4,066      1,893      6,209      12,167    21,533    33,701    -          132,363  
18 68,249    3,166      6,868      26,473    104,756  4,094      1,999      7,241      13,334    22,883    36,218    -          140,972  
19 73,357    3,178      7,105      27,089    110,730  4,123      2,101      8,335      14,559    24,190    38,749    -          149,479  
20 78,391    3,193      7,336      27,686    116,606  4,158      2,195      9,496      15,849    25,446    41,295    -          157,900  
21 83,340    3,158      7,551      28,238    122,287  4,190      2,284      10,711    17,185    26,684    43,869    -          166,159  
22 88,195    3,083      7,746      28,726    127,750  4,169      2,371      11,981    18,521    27,894    46,415    -          174,180  
23 92,943    2,979      7,936      29,142    132,999  4,099      2,453      13,303    19,855    29,037    48,892    -          181,897  
24 97,582    2,844      8,103      29,462    137,993  3,987      2,535      14,667    21,188    30,091    51,279    -          189,277  
25 102,105  2,715      8,267      29,694    142,781  3,844      2,609      16,078    22,530    31,032    53,562    -          196,334  
26 106,474  2,600      8,413      29,853    147,340  3,702      2,683      17,529    23,914    31,846    55,760    -          203,088  
27 110,656  2,501      8,541      29,947    151,646  3,582      2,750      19,014    25,346    32,562    57,907    -          209,546  
28 114,622  2,424      8,645      29,996    155,688  3,475      2,812      20,523    26,810    33,229    60,039    -          215,713  
29 118,342  2,356      8,724      30,003    159,425  3,391      2,872      22,053    28,316    33,845    62,161    -          221,587  
30 121,824  2,295      8,789      29,970    162,879  3,316    2,918    23,603  29,838  34,452  64,290  -          227,160  



Baseline Report-Romania Afforestation 

  Page 123 

 
Oak Site Class IV - Carbon 

 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -               -   
1 -          -          -          -          -          -          -          -          -          -          -          -          -          
2 -          -          -          -          -          -          -          -          -          -          -          -          -          
3 -          -          -          -          -          -          -          -          -          -          -          -          -          
4 9             11           14           18           53           -          -          -          -          -          -          -          54           
5 20           16           33           43           111         13           1             -          14           -          14           -          125         
6 36           18           54           70           178         18           3             -          21           13           34           -          210         
7 54           21           74           97           246         23           4             1             28           26           54           -          300         
8 75           23           92           125         315         26           6             3             34           41           75           -          391         
9 102         27           115         155         399         28           9             3             40           55           95           -          494         
10 135         31           141         187         494         36           10           6             51           67           118         -          611         
11 170         34           168         219         591         40           13           7             60           85           145         -          736         
12 213         37           195         250         694         45           14           10           70           105         175         -          868         
13 258         40           223         277         798         50           17           14           81           124         204         -          1,003      
14 315         47           258         311         932         53           20           17           89           145         234         -          1,166      
15 383         53           300         351         1,086      61           23           23           107         165         271         -          1,356      
16 462         57           345         393         1,257      70           26           28           124         190         314         -          1,571      
17 551         61           395         437         1,444      77           30           34           141         219         359         -          1,805      
18 552         55           382         412         1,402      97           129         87           312         249         561         94           1,962      
19 657         67           439         462         1,624      74           44           89           207         385         592         9             2,215      
20 767         67           494         508         1,836      88           38           95           222         369         591         7             2,427      
21 880         68           550         552         2,050      91           43           102         236         379         615         7             2,665      
22 998         70           602         592         2,262      94           47           111         251         396         648         7             2,911      
23 1,120      70           655         630         2,475      95           53           121         268         417         686         6             3,162      
24 1,244      70           704         666         2,684      97           57           132         285         443         728         6             3,414      
25 1,369      70           753         699         2,890      98           61           146         305         469         774         6             3,664      
26 1,494      71           798         730         3,093      99           65           160         325         496         821         6             3,912      
27 1,620      71           842         757         3,290      101         70           176         346         521         868         6             4,158      
28 1,748      71           883         782         3,485      101         74           193         368         550         917         4             4,403      
29 1,877      71           923         807         3,678      102         78           210         391         577         967         4             4,645      
30 2,008      71           960        829         3,868      102       81         230       413       605       1,018    4             4,886      
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Oak Site Class V – Carbon 

 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -               -   
1 -          -          -          -          -          -          -          -          -          -          -          -          -          
2 -          -          -          -          -          -          -          -          -          -          -          -          -          
3 -          -          -          -          -          -          -          -          -          -          -          -          -          
4 22           30           39           47           138         -          -          -          -          -          -          -          133         
5 47           34           82           103         267         34           4             -          39           4-             34           -          301         
6 82           43           125         163         413         43           4             -          47           34           82           -          490         
7 120         43           168         219         550         52           9             4             65           60           125         -          684         
8 168         47           206         280         701         56           13           4             73           95           168         -          873         
9 215         47           249         331         843         60           17           9             86           125         211         -          1,054      
10 267         52           284         378         980         65           22           13           99           151         249         -          1,234      
11 323         52           323         417         1,114      69           26           17           112         176         288         -          1,402      
12 378         52           357         456         1,243      73           30           22           125         202         327         -          1,565      
13 439         52           391         482         1,363      73           34           26           133         228         361         -          1,724      
14 507         60           430         516         1,514      73           34           34           142         254         396         -          1,909      
15 589         65           473         555         1,681      82           39           39           159         280         439         -          2,120      
16 679         69           520         598         1,866      90           43           47           181         305         486         -          2,352      
17 783         73           576         641         2,073      95           47           56           198         340         538         -          2,606      
18 761         65           538         581         1,944      116         189         129         434         370         804         129         2,748      
19 890         82           606         641         2,219      90           65           133         288         546         834         13           3,053      
20 1,036      90           679         701         2,507      112         56           138         305         520         826         9             3,337      
21 1,200      99           761         765         2,825      125         60           146         331         529         860         9             3,685      
22 1,380      103         843         830         3,156      133         65           159         357         555         912         9             4,072      
23 1,574      108         929         899         3,509      142         73           172         387         589         976         9             4,489      
24 1,776      112         1,015      963         3,866      151         82           189         421         628         1,049      9             4,919      
25 1,987      116         1,101      1,023      4,227      155         86           206         447         684         1,131      9             5,358      
26 2,202      120         1,187      1,088      4,597      159         95           228         482         731         1,213      9             5,805      
27 2,430      120         1,269      1,144      4,962      163         103         254         520         778         1,299      9             6,261      
28 2,662      125         1,350      1,204      5,341      168         112         280         559         826         1,385      9             6,721      
29 2,894      125         1,432      1,256      5,706      172         116         305         593         886         1,479      9             7,185      
30 3,135      125         1,509      1,312      6,080      176       125       340       641       929       1,570    4             7,654      
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All Species  - Carbon 

 
 
 

Stems Foliage Branches Roots Biomass Non 
Woody 
Litter

Fine 
Litter

Coarse 
Litter

Total 
Litter

Soil - 
Litter

Soil Products Total

Year Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C Mg/C
0             -               -               -               -               -               -               -               -               -               -               -               -               -   
1 378         517         488         587         1,970      -          -          -          -          -          -          -          1,970      
2 1,468      1,620      1,758      2,119      6,966      349         34           -          383         4             387         -          7,358      
3 3,521      3,197      3,827      4,614      15,158    1,030      134         34           1,199      376         1,575      -          16,732    
4 6,671      4,984      6,482      7,839      25,976    1,978      310         107         2,395      1,358      3,753      -          29,739    
5 10,871    6,577      9,193      11,277    37,918    3,060      571         224         3,854      3,068      6,923      -          44,860    
6 15,601    7,770      11,320    14,369    49,061    4,380      1,422      688         6,490      5,488      11,978    892         60,140    
7 21,630    9,196      13,451    17,812    62,089    5,057      1,739      1,201      7,996      9,201      17,198    1,004      78,296    
8 29,310    10,983    15,972    21,916    78,182    5,588      1,656      1,646      8,890      12,607    21,497    625         99,060    
9 38,636    12,940    18,805    26,610    96,992    6,217      1,600      2,037      9,855      15,509    25,364    246         122,122  
10 49,340    14,751    21,535    31,540    117,167  7,084      1,780      2,511      11,375    18,304    29,679    197         146,658  
11 61,006    16,191    24,091    36,375    137,662  7,872      2,008      3,086      12,966    21,505    34,471    182         171,970  
12 73,249    17,116    26,529    40,867    157,760  8,504      2,262      3,814      14,581    24,887    39,468    172         197,053  
13 83,902    17,038    27,874    43,905    172,719  9,553      3,408      5,184      18,145    28,262    46,408    2,552      216,557  
14 94,721    16,771    29,086    46,394    186,972  9,656      3,716      6,649      20,021    32,943    52,964    3,010      236,908  
15 106,822  16,649    30,599    48,854    202,925  9,306      3,499      7,908      20,712    36,656    57,368    2,094      258,194  
16 119,988  16,727    32,410    51,366    220,490  9,071      3,262      9,041      21,375    39,066    60,441    1,121      279,811  
17 133,424  16,872    34,155    53,744    238,195  9,133      3,390      10,293    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  
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Robinia Site Class V Carbon
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Oak Site Class IV 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. 
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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. 
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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  
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 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  
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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
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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 
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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 
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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 
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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. 
 



Baseline Report-Romania Afforestation 

  Page 139 

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 
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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 
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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, 
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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. 
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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.  
 
 
 


