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INTRODUCTION

The Afforestation of Degraded Agricultural Land Project refers to 6,496 ha, 6,033 ha of which will effectively be afforested.
  Land is owned by the state and managed as forest by the National Forest Administration, a national autonomous company in Romania. 

The project will result in a net removal of greenhouse gases (GHG), mostly - carbon dioxide (CO2), which will be sequestered out of the atmosphere and into above- and below-ground biomass and soils as carbon. Project-related emissions, mostly nitrous oxide (N2O) must also be quantified through monitoring.

Carbon sequestration has to be accurately and precisely estimated to ensure the environmental integrity of the project and enable the payments on delivery of by the PCF. This objective can be reached by establishing the project baseline, i.e. the without-project scenario
. In the case of this project, the baseline scenario is a projection into the future of the initial carbon stock, i.e. the stocks of carbon held by the project sites before sites are prepared for planting. In addition, a proper Monitoring Plan needs to be implemented, which dictates how the quantity of carbon sequestered as a result of the activities of the project is measured, how the data should be analyzed and eventually transmitted to the PCF to allow payments. The United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol to the UNFCCC impose these conditions for the project to generate eligible ERs and the conversion of these ERs into Emission Reduction Units (ERUs) under Article 6 of the Kyoto Protocol (joint implementation).

This Monitoring Plan relies on “Romania Afforestation of Degraded Agricultural Land Project: Baseline Study, Emission Reductions Projections and Monitoring Plans”, prepared by Sandra Brown, Henry Phillips, Malina Voicu and Vasily Kostyushin, dated May 2002, and on the information provided by the Forest Regeneration Department of the National Forest Administration. This Monitoring Plan has been prepared by Romania’s Institute for Forest Research and Management (ICAS) and a team from the NFA and has been reviewed by Sandra Brown of Winrock International and Benoît Bosquet of the World Bank/PCF.

STEPS IN DESIGNING AND IMPLEMENTING THE MEASURING AND MONITORING PLAN OF THE AFFORESTATION PROJECT

A. Development of the baseline – The baseline scenario was established in the report “Romania Afforestation of Degraded Agricultural Land Project: Baseline Study, Emission Reductions Projections and Monitoring Plans”, prepared by Sandra Brown and Henry Phillips, dated May 2002. A different sampling framework will be provided compared to the provisions of that report to reflect the reductions in total project area since the May 2002 design. Permanent monitoring plots will be established for the purpose of both initial carbon stock and monitoring purposes. 

B. Project stratification - Soil type and previous land use determine the carbon stock initially existing in the soil, as well as the carbon accumulation potential. Existing land use on project lands before project start is shown in Table 1.

Table 1: Land Use before the Project (in ha)

	County
	Land Use
	Soil Type

	
	Pasture
	Arable
	Vineyards/

Orchards
	Abandoned
	Psamosol
	Alluvial
	Chernozem

	Vaslui
	270
	0
	0
	0
	154
	0
	116

	Mehedinţi
	118
	7
	0
	25
	35
	0
	115

	Galaţi
	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

	Brăila
	0
	237
	0
	2,011
	180
	2,011
	57

	Total (6,033 ha)
	633
	2,432
	240
	2,728
	3,478
	1833
	722


This stratification relies on land-use information received from previous land administrators, but the exact situation at the time of transfer of lands to the NFA will only be known once the information included in the Planted area sheet in Annex 1 becomes available. In addition to soil type and previous land use, the stratification and sampling scheme will also factor in the afforestation mix (mix of species planted on a given plot). 

C. Identification of pools and sources – The project leads to: (1) increases of the CO2(or C) stocks in above- and below-ground biomass and soils; and (2) emissions from fuel consumption (CO2) and from the occasional fertilization due to the intercropping in some small areas (N2O).

D. Design of the sampling framework and methods – This stage consists of the computation of the number of necessary permanent monitoring plots based on the variability of the soil type and biomass accumulation, procedures for the establishment of the plots, and the field and laboratory methods for measuring and monitoring carbon. 

E. Development of the monitoring plan – This stage establishes the schedule of the monitoring events, the means and ways of monitoring, and the quality control and quality assurance control plan. 

I. COMPUTATION OF THE OPTIMAL NUMBER OF PERMANENT MONITORING PLOTS 


To establish the initial carbon stock and detect changes in the carbon stocks over the project duration it is first necessary to compute the optimal number of permanent monitoring plots (from now on PMP), based on the information regarding the previous land use, the coefficients of variation of the parameters of interest (types of soils, carbon quantity in the soil, biomass variation by type of species/afforestation mix, etc.) and the required precision of the measurements.  The optimal number of PMPs is first computed separately on soil and biomass and the higher of the two numbers is selected as the number of PMPs where the carbon content in both vegetation and soils will be measured.

I.1 Computation of the Number of PMPs Based on Forest Vegetation Type  

Due to the heterogeneous sites across the project area (largely different types of climate and soils), the geographical extent of the project, likely genetic heterogeneity of the afforestation material, it is obviously necessary to optimize the required number of PMPs, also because the cost of project monitoring should be minimized. 

It is important to know where to set these PMPs up. Since statistical tools will be used to estimate the changes in carbon stocks from the universe of project sites from a sample of them, these PMPs must be established in a representative sample of plots. Representativity is assessed through a stratification of the project sites to arrive at a set of site classes which is not too high and yet reflects site diversity. In the present case, the observed diversity (variability) of existing carbon stocks in vegetation and soils was such that a separate stratification of sites appeared necessary for each. 

For vegetation the main criteria for stratification were the species planted and the areas to be planted in each county. It is necessary to recalculate the number of permanent monitoring plots in relation to the baseline study, due to the structural changes of the project (by type of species) as well as the project area itself. The computation procedure is optimum stratification test, which generates the optimal number of permanent monitoring plots based on forest vegetation features. For different allowed error (5; 7.5 and 10 %), a probability of 95% and for an extent of 200 m2 of the permanent plots area, the distribution of the number of the permanent monitoring plots has been calculated by plantation type/counties/expected production class of plantations. In the computations, we used the coefficients of variation obtained through direct field measurements in the existing plantations as provided by the „baseline study” (Robinia III -17%, Robina IV-36%, Populus III - 46%), but in other cases, they were estimated according to the number of trees per hectare, using the formula below (Giurgiu1, 1972).

s % = 
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, where n is  the number of seedlings per ha

· A) in case of Robinia (initially 5,000 seedlings per ha, at 10 years, which corresponds to the first monitoring period), n=4,700; s % = 38.32

· B) in case of other broadleaved species (initially 6,700 seedlings on ha; at the first moment of monitoring) n = 6,000; s%=31.96.

Thus the computed number of PMPs needed for vegetation is shown in Table 2.  

Table 2: Computed Number of PMPs for Vegetation

	Main species / Main Share in  Afforestation Formula
	County/District
	Surface Occupied by Species/Afforestation Mix (ha)
	Computed No. of PMP (Rounded Up)

	Quercus petraea
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	0
	0

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	0
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	100
	3

	Salix sp.
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	277.5
	12

	
	Brăila (Brăila)
	33
	1

	
	Vaslui
	0
	0

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	0
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	0
	0

	Robinia 100%

Robinia III
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	54
	1

	
	Vrancea
	76
	1

	
	Tulcea
	0
	0

	
	Olt
	0
	0

	
	Dolj
	1322
	22

	
	Mehedinţi
	22
	0

	Robinia 75%

Robinia IV
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	77
	3

	
	Vrancea
	75
	2

	
	Tulcea
	47
	1

	
	Olt
	0
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	0
	0

	Robinia 50%

Robinia V
	Brăila (Ianca)
	21
	1

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	0
	0

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	0
	0

	
	Dolj
	125
	3

	
	Mehedinţi
	0
	0

	Elaeagnus angustifolia
	Brăila (Ianca)
	12
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	15
	0

	
	Vrancea
	4
	0

	
	Tulcea
	43
	1

	
	Olt
	495
	15

	
	Dolj
	167
	5

	
	Mehedinţi
	0
	0

	Quercus pedunculiflora 
	Brăila (Ianca)
	86
	3

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	71
	2

	
	Vrancea
	0
	0

	
	Tulcea
	440
	13

	
	Olt
	184
	6

	
	Dolj
	244
	7

	
	Mehedinţi
	0
	0

	Populus alba, P. nigra 
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	740
	32

	
	Brăila (Brăila)
	351
	16

	
	Vaslui
	4
	0

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	192
	8

	
	Dolj
	168
	7

	
	Mehedinţi
	0
	0

	Quercus cerris
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	0
	0

	
	Vrancea
	0
	0

	
	Tulcea
	8
	0

	
	Olt
	49
	1

	
	Dolj
	0
	0

	
	Mehedinţi
	0
	0

	Gleditschia triachantos 50%

(assimilated with Robinia IV)
	Brăila (Ianca)
	27
	1

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	21
	1

	
	Vrancea
	26
	1

	
	Tulcea
	51
	1

	
	Olt
	0
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	0
	0

	Gleditschia triachantos 100%

(assimilated with Robinia IV)
	Brăila (Ianca)
	12
	0

	
	Brăila (L.Sărat)
	18
	1

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	0
	0

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	64
	2

	
	Dolj
	92
	3

	
	Mehedinţi
	0
	0

	Fraxinus excelsior
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	7
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	13
	0

	
	Vrancea
	2
	0

	
	Tulcea
	124
	4

	
	Olt
	0
	0

	
	Dolj
	28
	1

	
	Mehedinţi
	0
	0

	Shrubs
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	9
	1

	
	Vrancea
	0
	0

	
	Tulcea
	0
	0

	
	Olt
	1
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	2
	0

	Pinus sp.
	Brăila (Ianca)
	0
	0

	
	Brăila (L.Sărat)
	0
	0

	
	Brăila (Brăila)
	0
	0

	
	Vaslui
	22
	1

	
	Vrancea
	8
	1

	
	Tulcea
	0
	0

	
	Olt
	0
	0

	
	Dolj
	0
	0

	
	Mehedinţi
	0
	0


I.2 Coefficients of variation of the soil carbon quantity and computation of the minimum number of necessary PMP 

The data acquired during the fieldwork for the baseline study were insufficient for outlining a firm statistic about the initial stock of soil carbon, due to the low number of soil sampling plots. However, the data justified considering soil carbon stock accumulation as part of the project accounting system. 

Table 3 exhibits the soil carbon stocks in existing forests or woodlots taken as representative proxies for the future carbon stocks in plots afforested under the project because of their characteristics (soil, species, age) and in adjacent non-forested land representative of the land to be afforested in the project. The comparison between the forested and non-forested land suggests the likely impact of the project on the sequestration of carbon in the soil. Table 3 also shows the statistical significance of the difference in each pair of comparable sites. As it turns out, the difference is statistically significant in all pairs except the first pair of forested and non-forested land adjacent to the 6 year old Robinia plantation. The numbers suggest that as the age of plantations increases, the difference becomes statistically significant and warrants soil carbon measurements.

Table 3: Carbon Stocks in a Sample of Representative Existing Forests

	Land Use 
	Soil Carbon Content (tC/ha)
	Statistical Significance of the Differences

	Robinia plantation (6 years of age)
	18.7
	NS (non significant difference)

	Arable land adjacent to Robinia plantation (6 years of age)
	18.8
	

	Robinia Plantation (12 years of age)
	24.9
	*

(significant difference)

	Arable land adjacent to Robinia plantation (12 years of age)
	18.8
	

	Robinia Plantation of 28 years of age
	28.5
	*

(significant difference)

	Arable land adjacent to Robinia plantation (28 years of age)
	17.6
	

	Populus Plantation (15 years of age)
	62.9
	*

(significant difference)

	Abandoned land/pasture adjacent to Populus plantation (15 years of age)
	53.5
	

	Quercus Plantation (15 years of age)
	81.4
	*

(significant difference)

	Abandoned land/pasture adjacent to Quercus (15 years of age)
	61.5
	


Carbon accumulation in any type of soil in the project is expected to be statistically registered within about ten years of the plantings, so accumulated carbon in the soil will be first monitored during the second monitoring event of the project (when the plantations turn 10 years old).

Coefficients of variation1 obtained in the field help in the computation of the number of PMPs needed, which ensures a certain statistical precision of the results. Measurements carried out in the field during the baseline study (BLS) offer coefficients of variation for the carbon stock in the soil (30 cm depth), for all types of land use and soils covering a significant surface area of the project, as shown in Table 4.

Table 4: Coefficients of Variation on Soil Carbon

	Soil type
	Land use
	Coefficient of Variation (CV) of Carbon Content in Soils according to BLS in 

% (no. of samples used to establish CV)

	Psamosol

	Grazing
	N/A

	
	Arable
	14.3 (8)

	
	Vineyards/orchards
	13.6 – 21.5 – 25.9 (8-10)

	
	Abandoned
	39.4 (8)

	
	Plot of Dăbuleni museum SCCPN 
	45 (8)

	Alluvial

	Grazing
	42.8 (8)

	
	Arable
	N/A

	
	Vineyards/orchards
	N/A

	
	Abandoned
	N/A

	Chernozem

	Grazing
	9 (8)

	
	Arable
	N/A

	
	Vineyards/orchards
	N/A

	
	Abandoned
	18.3 (8)


N/A means not available (not measured)

In contrast with vegetation, which is monitored through time, the same soil sample cannot be monitored over time. Instead, at each sampling a new sample is destructively collected and the analyses involve subtracting two large pools from each other, which may generate large errors. To illustrate this concept, we assume that the soil carbon results from replanted areas and forest areas represent a time sequence of sampling. What is important in determining the number of PMPs that need to be established to make obvious a minimum change of soil carbon with 95% confidence is not the number of plots per se but the number of plots which makes it possible to detect a given change in carbon stocks that is statistically significant, e.g. the number of plots needed for detecting a statistically significant difference of 1,2,3 tC/ha change in a mix of species. To make this calculation, data from degraded soils and forests types are used. This is because forest types are clearly connected with certain type of soils (oak with zonal soils, poplar with alluvial, Robinia with sandy soils). Table 5 shows the number of plots needed to reach a target difference for 0-30 cm depth of soil.

Table 5: Computed Number of PMPs for Soils

	Targeted difference

(tC/ha)
	Requested number of permanent plots

	
	Robinia

s* = 3.9
	Populus
s = 18.1
	Quercus
s = 5.1

	1
	-
	69
	-

	2
	3
	130
	5

	3
	4
	-
	7

	4
	8
	-
	14

	5
	23
	-
	29


*standard deviation

Thus for a significant difference of 2 tC/ha, 3 PMPs are needed in Robinia and 5 in Quercus.To confidently detect changes of 1 tC/ha in Populus, 69 PMPs are needed. 

Note that the amount of ERs claimed from soil carbon accumulation as a result of the project is conservatively limited to the difference between the high estimate in a given period and the low estimate of the following period. See Annexes 2 and 6 for details.

I.3. Establishing the Recommended Number of PMPs

The total number of the PMPs needed to monitor forest vegetation in the project plantations, is higher than that needed for monitoring soils, as shown in Table 6.

Table 6: Number of PMPs Needed for the Project
	Species
	Computed optimal number of PMPs
	Optimal number of PMPs (allowed error of 5%, probability of 95%) where to sample soil and vegetation 
	Total recommended number of PMPs to be established

(optimal number + 10%)

	
	Forest vegetation
	Soil
	
	

	Quercus petraea
	3
	29
	3
	3

	Quercus cerris
	1
	
	1
	1

	Quercus penduculiflora 
	28
	
	28
	31

	Fraxinus sp.
	5
	
	5
	5

	Shrubs 
	1
	
	1
	1

	Salix sp.
	12
	69
	12
	13

	Populus sp.
	57
	
	57
	63

	Robinia 100%
	22
	23
	22
	24

	Robinia 75%
	6
	
	6
	6

	Robinia 50%
	4
	
	4
	4

	Gleditschia  100%
	6
	
	6
	6

	Gleditschia 50%
	4
	
	4
	4

	Eleagnus sp.
	19
	
	19
	21

	Pinus sp 
	2
	2
	2
	2

	Total
	167
	123
	167
	184


Thus, 184 PMPs will be established in the field, where the initial stock of carbon in the soil as well as changes in the stocks of carbon in vegetation, dead organic matter and soils due to the project will be measured. These 184 PMPs will be established before the end of 2004 and identified by GPS coordinates.

Following the first monitoring of the project (at year 5), a different number of PMPs should be considered, if results show lower or higher variability. 

Also, an additional PMP would be established in the management units where a fire has been reported in order to analyze the effect of the fire on the change in stocks of carbon through time.

In order to determine the number of PMPs needed for each of the main species in each county, the number of ha occupied by that species is divided by the number of computed PMPs for that species. 

Table 7. Land area allocated to a PMP in each species in the whole project

	Main species
	Total project area on species
	Needed number of PMPs on species
	Land Area (ha) per PMP

	Quercus petraea
	100
	3
	33

	Quercus cerris
	57
	1
	57

	Quercus penduculiflora 
	1025
	31
	32

	Fraxinus sp.
	174
	5
	35

	Shrubs 
	12
	1
	12

	Salix sp.
	310.5
	13
	24

	Populus sp.
	1456
	63
	23

	Robinia 100%
	1474
	24
	61

	Robinia 75%
	199
	6
	33

	Robinia 50%
	146
	4
	36

	Gleditschia  100%
	187
	6
	31

	Gleditschia 50%
	126
	4
	31

	Eleagnus sp.
	737
	21
	35

	Pinus sp 
	30
	2
	15

	Total
	6033
	184
	


1.4 Allocation of the PMPs in the management units

For example, Salix covers 310.5 ha in the whole project, which requires 13 PMPs, as computed earlier. Dividing the number of ha by the number of PMPs required, one finds that one PMPs is required for every 24 ha. This means that each afforestation site /management unit (parcel) with a size of around 24 ha should have one PMP. Then the PMPs are allocated to management unit in the following manner: a management unit is picked at random to start the computation. If that afforestation site exceeds 24 ha (but is less than 48 ha), that afforestation site receives one PMP. If not, the area of the first site is added up to that of the next afforestation. If the summation of the two areas is equal to or greater than 24, that second afforestation site receives one or more PMPs (1 PMPs if the cumulative area is greater than 24 ha but less than 48 ha, 2 PMPs if the cumulative area is greater than 48 ha but less than 72 ha), and so on, as illustrated in a hypothetical situation involving 4 afforestation sites in Table 8.

Table 8: Example of PMP Allocation to Afforestation Sites *

	Afforestation site (management unit)


	1

(picked at random)
	2
	3
	4

	Area of the afforestation site
	20 ha
	50 ha
	100 ha
	70 ha

	Cumulative area of the afforestation site
	20 ha
	70 ha
	170 ha
	240 ha

	Number of PMPs
	0
	2
	5
	2

	Cumulative number of PMPs
	0
	2
	7
	9


* Example assuming that one PMPs is required for every 24 ha

I.5 Localization of the PMP within the management unit and PMP center establishment in the field

PMPs must be stable over the project period, so they must be securely placed and their geographical coordinates recorded with the use of a GPS (to ensure the plot can be accurately relocated in future inventories).   

To locate the PMPs within the management unit it is recommended to use a grid on a transparent slide (vertically and horizontally numbered lines) that is going to be overlain on the map of the afforestation area. Then pairs of numbers are taken at random, until the required number of PMPs for that county and species (according to the following figure).


Legend

Random pair of numbers: i.e. (21,4), (16,22), (4,31)

                  Landmark on forest map

                  Forest parcel outline

                  Permanent Monitoring Plot

               d 1,2,3              Map measured distances


                  Transparent slide grid


                   North direction

If the radius of the PMP is 7.98 m (standard area of a circular PMP of 200 m2) then the distance between the grid lines must be at least double the radius, but the grid scale must be at least 1:5,000 or 1:10,000 according to the features of the land to be afforested. These procedures apply both on compact and small, scattered afforestation areas. 

PMPs are first located on the map of that particular forest management unit. Then, according to the distance from the landmark and the azimuth they are located in the field. The distances measured on forest maps are slope-corrected (d field = d map/cosα where α = field slope), then measured and transposed to the field.
 

In the rare cases where standing trees predating the afforestation project are found in the PMP, the PMP will be moved to avoid including the said trees. In such cases, care will be taken to move the PMP to a contiguous area on the same contour line. 

The final location of PMPs is to be marked back on the map of the forest management unit. Once set up, the GPS coordinates of the PMPs (latitude, longitude, altitude) are recorded on paper and electronically to facilitate future returns to the same location. 

Because of the length of the project, it is important that the PMPs should be permanently marked and easy recognizable over the project period. The recognition element of the PMP is its center, marked with a pole in the soil. The pole is an iron pipe,  wood or cement pile with a 10 cm sectionThe pole will be vertically inserted about 50 cm in the soil. Upper part of the pole (on 10 cm long) will be painted in white colour, where the code of PMP is noted. The PMPs with their codes will be located on the forest management unit maps, too, so that a record is kept  in case the identifier disappears.  

PMP coding will have the following format:

County/species-strata/Number of monitoring point on species, e.g.

Dj Ro 001 - Dolj county, 1st PMP in Robinia species. 

The PMP will be attributed codes before land marking and placing.

Adequately trained people will perform these operations. 

II. INITIAL INVENTORY OF Carbon stockS 

The initial inventory refers to the amount of carbon existing in the soil and existing vegetation on the areas to be afforested, before implementing the project.

II.1 Carbon Stock in Existing Vegetation


The carbon stocks in existing vegetation were computed during the fieldwork of the BLS. Please refer to the BLS for the exact numbers. Only the carbon stock of the possible woody vegetation existing on the afforesting area is taken into account. This must be considered and quantified in the initial inventory.


The amount of carbon in the herbaceous layer (called non-tree vegetation in the IPCC terminology), and its contribution to the dead organic matter and organic matter of the soil, is considered to be in steady state for both types of land use, i.e. before and after afforestation. Practically speaking, we do therefore not take into consideration the herbaceous vegetation (as biomass) while calculating the carbon stock through direct measurements, either before or after the afforestation. 


According to the field campaign in 2002, there are areas covered by woody vegetation (Amorpha sp.) in the Small Island of Braila (about 200 ha), and remaining vineyards or orchards on about 240 ha in Dolj county. This type of vegetation was taken into account, i.e. deducted, in the calculation of carbon sequestration potential.

II.2 Initial Carbon Stock in the Soil


For a 15-year project, it is reckoned that the accumulation of carbon in the soil becomes certain for a depth of maximum 30 cm. The calculation of the actual carbon stock in the soil requires the determination of the organic carbon content and the bulk density of the soil, within an adequate statistical frame.

Sampling of the soils for the initial stock of carbon in the soil will be done after the establishment of PMPs. 


Once transferred to the NFA, the lands are on “stand-by”, as per the schedule for land and soil preparation and plantation. This period is not associated with a significant change of the carbon stock in the soil, as we suppose a steady state CO2 flux exchange with the atmosphere. Consequently, the next step is the setting-up of PMPs just before afforestation per se starts, which is also when the soil sampling is performed too to establish the initial soil carbon stock. 


The initial soil carbon stock is separately registered by strata (alluvial, psamosol, and chernozem soils). The BLS showed that the type of land use before the project (arable land, pasture, vineyards, orchards) does not generate significant differences in soil carbon stocks and is therefore not taken into account. 

III. CARBON ACCUMULATION MONITORING IN THE PROJECT

The purpose of monitoring is to register the real and accurate amounts of carbon sequestered due to the project, i.e. the change in carbon stocks due to the project. This process imposes the quantifying of the accumulated CO2 stock as well of the N2O (emissions due to occasional nitrogen-based fertilizers). The monitoring of the project is going to be carried out in  years 5, 10 and 15 of the project for vegetation and dead organic matter) and in years 10 and 15 for soils. 

III.1 Monitoring of Overall Performance of the Project 

This refers to the monitoring of the effective plantation areas included in the project, which themselves consist of the effective planted areas without roads, gaps or zones used for different purposes (e.g. power lines). Such monitoring is necessary to establish that all the hectares planted by the project (6,033 ha) are still productive, i.e. still sequester carbon throughout project implementation.

Monitoring of the area relies on the use of forest management plans, forest maps and forest landmarks, and, if need be, on direct measurements, e.g. in case some land should be subtracted from the total project area. Re-measurement of the areas is not required, unless a change in the total project area takes place. Any reduction in the plantation area (e.g. due the building of roads) during the project must be assessed; if such losses of area are recorded, the corresponding areas must be calculated and subtracted from the entire project area, namely the 6,033 ha. Other types of vegetation that may occur are also picked up through sampling design. For initial situation, it is highly recommended that a collection of photographic images/views is taken and kept in the database of the project. 

Every forest district (“Ocol silvic”) owns and elaborates a PLANTATION AREA SHEET that contains detailed information of the sites (See Annex 1). This sheet is filled in once at the beginning of the project.

Every forest district involved in the project should fill in a MONITORING AREA SHEET (in Annex 1) containing the identification elements and the basic elements of the plantation. This sheet should be filled out annually until the plantation is successful (established) and every five years thereafter. 

Finally, the indicator of total area of afforestation of degraded agricultural land outside of the project will be monitored to ensure that the project does not cause leakage, i.e. divert all afforestation resources towards the project activities. This indicator will be built aggregating data from the various districts engaged in afforestation of degraded agricultural land. The BLS established that an average of 345 ha were afforested without the project between 1991 and 2000. Therefore the NFA should continue to afforest at least 345 ha were afforested without the project to prevent leakage. See the “Outside Project Afforestation Areas Sheet” for details, in the Annex A.4 of PIP.

III.2 Monitoring of the Project

III.2.1 Monitoring changes in soil carbon stocks 

Changes in soil carbon stocks are estimated based on samplings done in PMPs in the monitoring years, in accordance with the operating procedures laid out in Annex 2. The total area occupied by each type of soil is to be obtained from the PLANTATION AREA SHEET (see Annex 1).

III.2.2 Establishing the accumulated carbon stock in the dead organic matter


The amount of dead organic matter (litter, debris) is estimated by direct field measurements (according to the procedures shown in the Annex 3); it is being performed in the same areas and at the same time of year as the vegetation, respectively in years 5, 10 and 15.


Computation of the amount of dead organic matter is done according to the type and the surface occupied by each afforestation mix. For the first monitoring period the carbon accumulated is net, while for the other two the total carbon is obtained by difference between the current value and the previous one

III.2.3 Changes in carbon stocks in biomass

The carbon stock accumulated in the biomass over the monitoring period is recorded by measuring the biomass of shrubs and trees in the established PMPs and consists in determining the following components: stem, branches, foliage, roots. The procedure to establish the carbon content in the biomass is described in Annex 4.

For the first monitoring period the carbon accumulated is net since a starting value of zero is assumed, while for the other two periods (years 5 and 10), the change in carbon stock is obtained by difference between the current value and the former one. 

III.2.4 Deductions due to other greenhouse gases 

 
It is likely that fertilization will occur on less than 1,500 ha, in Dabuleni on psamosols (where the irrigation may also occur). To take into account and compute associated N2O emissions possibly arising from the fertilization, basic data are to be collected on the fertilized area, dosage and application time (from MONITORING PLANTATION SHEET, Annex 1). Based on these data, an estimate of the N2O emissions will be made. The estimation method is presented in Annex 5.  It is noted, that given the extreme lack of soil carbon, emissions of N2O due to fertilization are expected to be low.  

The sheets in Annex 1 are designed to record the amount and type of the fossil fuels used to fulfill specific project-related activities, which causes CO2 emissions to be deducted from the project ERs.    

III. 2.5 Establishment of the total carbon stock accumulated in the project

The computation of the total change in carbon stocks due to the project, which really makes the content of the transactions between partners, is shown in Annex 6.  

IV. MODEL ADJUSTMENT AND resimulation


Data acquired in the first monitoring period will be specifically processed and then used for the CO2fix software to re-simulate the change in carbon stocks due to the project for the next intervals.


Wood density samples must be collected in order to establish the volume increase at different ages, to obtain the kind of data requested by the software.


Due to the different ages of the plantations in the monitoring period, it is possible to have dynamic curves of the biomass (both for the various biomass components and also total biomass). Such curves make short/medium-term predictions of carbon stock changes possible. In addition to the use of CO2Fix, local allometric equations will be used for resimulating the changes in carbon stocks. Regression analysis will, for instance, establish the relationship between the diameter (at a height to be determined later) and height vs. biomass.

V. IMPLEMENTATION OF THE MONITORING PLAN 
Training: NFA’s Forest Regeneration Department and ICAS will organize in-the-field training for two days for all staff concerned (about 30 trainees) including: general introduction, county-specific information on project, PMP establishment, responsibility in monitoring as below. 

PMPs will be established by representative of Forest Regeneration in each Ocol Silvic (forest district). That work will be controlled systematically by the representative of the Directia silvica (forest branch at county level) and randomly by the NFA Forest Regeneration Department.

Initial Carbon Stock Assessment

Initial carbon stocks in soils (zero initial stock in vegetation) will be measured by ICAS in the course of the first year of the project.

Annual Control of Regeneration
Each of the first 4 years or in-between the independent verifications, namely the project establishment phase, the NFA will conduct “Annual Control of Regeneration” to compute the survival rate of seedlings previously established and the need for replacement in the following season, in the traditional ways (4% of each forest parcel). The data generated are as follows:

· Effectively planted area

· Afforestation mix

· Survival rate

These data are sufficient for ICAS to rerun CO2Fix and establish the ERs realized in the completed period. The survival rate will be established as an average across all management units for each species in each afforestation site, and this coefficient will be used in CO2Fix as natural mortality. ICAS communicates the ERs to the NFA’s Forest Regeneration Department. On that basis the NFA submits its report to the PCF using the sheet in Annex A.4 of the PIP. 

Verification

At year 5 of the project, the NFA and ICAS1 will conduct field measurements and lab analysis to compute the carbon in vegetation and dead organic matter. These measurements will be used to produce regression equations as described in Annex 4. In addition, digital pictures will taken of all the afforestation sites.

The NFA will compare the results of these field measurements to the cumulative ERs reported to the PCF by that time and explain any discrepancies.

Every 5 years, the independent verifier verifies the reports by the NFA for the previous 5 years. The discrepancies identified by the NFA together with the verification report determine whether adjustments are needed to the to the cumulative volumes of ERs reported to the PCF by that time and to the payments made by the PCF. In addition, digital pictures will taken of all the afforestation sites. 

At years 10 and 15, the NFA and ICAS will conduct field measurements and lab analysis to compute the carbon in vegetation, dead organic matter and soils. In addition, digital pictures will taken of all the afforestation sites.

Verification and adjustments are made again in years 10 and 15, if necessary.

 VI. DATA ARCHIVING


Data archiving refers to maintenance and storage as well as the technical availability of data. Records concerning the basic level of the project, field sheets, lab results, as well as digital photo archive, will all be kept in the project archive by the NFA.


The database of the project must consist of:

· List of afforestation plots with coordinates calculated with the use of a GPS

· Digital pictures of the afforestation plots 

· Forest and digital geographic maps of the afforestation areas based on a Geographic Information System (GIS)

· Maps of the former land use, with a proper legend

· Soil map (the same as before, eventually), with a proper legend

· Plantation structure maps at the first monitoring term, reported on the main species in the formulae

· Location of the permanent monitoring plots with their corresponding codes

· Field and lab sheets.

The electronic archived data must be updated and converted periodically into compatible formats, in order to be used in the updated software programs.

VII. QUALITY CONTROL and QUALITY ASSURANCE 


To provide best estimates, accurate, precise and statistically sane, it is necessary to eliminate errors associated with different stages of the sample and data processing, then to apply a monitoring plan as well as standard operating procedures showing minimal number of phases (especially manual phases). 

In this respect, a series of general rules are necessary:

· To ensure the continuity of the project, it is recommended that a unit be made responsible for the project within the NFA who will coordinate the project, operate the databases, ensure liaison with the PCF, etc.    

· Strictly maintain and use the same standard operating procedures during the entire project period, because changing those procedures will lead to a need for calibration between methods, an operation associated with uncertainties and errors.

· Archiving of data into a database makes access and control easier at any given time and moment of the project. 

· Due to the long period of the project implementation (15 years) the modernization of the laboratory and field equipment is unavoidable. These developments may create uncertainties in establishing carbon stocks.

· It is absolutely necessary to follow the recommended procedures step by step in order to avoid manipulation errors.

· Ensure that new staff is adequately trained. To correctly apply the procedures it is recommended to instruct and train the members of the field team, who are going to make measurements and sampling in the field. 

· Samplings and measurements over the monitoring time will be performed by qualified personnel with experience in such operations.  

Additional Procedures of Verification 

A second team that checks at least one PMP already processed by another team. This team will fill in a second sheet on the biomass relative to that PMP, as if that were their area. The “Biomass sheet” will be sent separately to the project unit within NFA, or it can be archived in the database as any other sheet, with the note REMEASUREMENT. The remeasurement is done for the distribution of the species and diameters and existence of shrubs in the PMP. 

Members of the field team for sampling and measurement will achieve comprehensive checks of the entire plantation through field visits to ensure that plantations perform overall as in the PMP. If different a notification will be done to the Project management unit.

The project unit members will verify 10 percent  of the PMPs on the whole project area in such a way that verification is uniformly distributed among the areas attributed to each team and to avoid the double verification of the areas already checked between field teams. 

They practically control the biomass inventory file. The differences must be discussed and, if necessary, verifications among the teams showing problems are carried out.

The percentage deviation of each PMP compared to the mean of all PMPs will be examined to identify possible outliers or errors in the sampling system. The project unit will then report on the system.

Significant differences among PMPs within the same strata may imposes post-stratification, or even exclusion of problematic plots from analysis.

VIII. data entry VERIFICATION and DATA analysis

Original laboratory and field sheets are kept as originals in the database of the project  unit .  Data entry in computers ought to be done by the same persons to the extent possible.

Members of the project unit have the obligation to verify 5 percent of all the data seized in the computer.  

Annex 1

PROJECT  AREA  FILE

Planted area sheet. Every forest district involved (ocol silvic) in the project conducts an inventory of the planted areas, which contains basic data on the areas included in the project.

Planted area sheet

County:

Forest Branch:

Forest District:

Date:

	No.
	Planting year
	Production Unit
	Management Unit
	Planted area *

(ha)
	Soil type **
	Previous land use

	
	
	
	
	
	
	Type of land use ***
	Area covered by woody vegetation (ha)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


* afforested areas as stated in the annual regeneration control carried out by the NFA

** soil class (alluvial, psamosol, chernozem) in accordance with the feasibility study

*** specify one of the following: low productive arable land, abandoned pasture, orchard/vineyards, woody natural vegetation and type of vegetation (bushes, shrubs, spontaneous regeneration)

Names of technical staff (clearly specified)

Signatures:

Plantation monitoring sheet. Effectively planted areas are verified during the monitoring process.  Afforestation areas will be monitored and recognized by GPS coordinates through time over the project period. Any reduction in the planted area must be quantified. Events like forest fire, land and soil preparation and fertilization that may result in CO2 emissions must be quantified. 

The Planted area sheet and Plantation monitoring sheet are drawn up in the forest district by the technical person in charge of forest regeneration, where the original is archived while a copy is transmitted to the Project Management Unit for centralizing, analysis and archiving.

The Planted area sheet is to be completed only once at the beginning of the project and it refers to all sites included in the project.  


The Plantation monitoring sheet is completed each year after the yearly regeneration control carried by the NFA and on the occasion of the 5 yearly monitoring.  If the afforestation program is complete, this information must be specified on the plantation monitoring sheet.

Areas Afforested outside of the Project Boundary. At the national level afforestation of degraded lands occurs also on other lands than those included in the current afforestation project. This sheet is filled in by the responsible with forest regeneration services in the forest branches. It has to be provided to the Project Management Unit in the NFA after the yearly regeneration control for the first 5 years of the project. The sheet refers to the plantation in the current year. Based on this information, the NFA will then communicate the PCF the areas afforested outside of the project in each forest branch (see template in Annex A.4 to the PIP).

Plantation monitoring sheet

County:

Forest branch:

Forest range:

Date:
	No
	Planting year
	Production

Unit
	Management Unit
	Effective

Area *
	Afforestation mix
	Survival

rate**

(%)
	Land/soil preparation / Mechanical maintaining works
	Fertilizers ***
	Forest Fire

Area

(ha)
	Comments

****

	
	
	
	
	
	
	
	Area

(ha)
	Fuel consumption

(liters and type: Diesel /gasoline)
	Area (ha)
	Type
	Amount applied

(t/ha)
	Application period
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


* Total project area (net of unregenerated gaps) 

** In accordance with the records of the NFA’s annual regeneration control, which is done on management unit till the canopy closure. It represents the percent of living trees (at the end of vegetative season) compared to planted trees (the control area for survival rate is 4 % of the total management unit area). 

***to be mentioned regardless of whether they are applied for parallel crops

**** comments if areas decreased in subsequent years and the reasons why such reduction happened / type of forest fire: on the ground (litter and debris) or stand fire,  
Planting plan stage: 

COMPLETED        

 YES   

     NO

Names of technical staff (clearly specified):

Signatures:

Annex 2

STANDARD  OPERATING  PROCEDURE FOR  SAMPLING  AND PROCESSING

SOIL  SAMPLES.  ANALYTICAL  METHODS  AND  DATA  PROCESSING 

The steps to be followed for determining soil organic carbon stock are the following:

1. Sampling sub-plots set-up
2. Soil sampling and sample handling in the field

3. Soil processing and methods for measuring carbon content and bulk density

4. Data analysis

5. Quality control and quality assurance 

Sampling sub-plot set-up

 The soil sampling sub-plots are placed along the 4 cardinal directions (N, S, E, W) at a distance of 5 meters from the PMP centre. In monitoring years 10 and 15 soil and litter are sampled at the same place. 

Soil sampling and laboratory processing in order to establish the organic carbon content

 The soil samples will be collected by using a soil corer, with a known volume and a length of 30 cm visibly marked on the drill. The sample must be collected by a unique penetration of the drill into the soil. In the field, a soil sampling sheet is completed, with appropriate details on location and the number of samples collected from the plot.
Field sheet for soil and litter sampling

County:

Forest Branch:

Forest District:

Production Unit:

Management Unit:

PMP code:

Date:

Field samples for estimating carbon content, bulk density 

and dead organic matter

	Cardinal direction
	Laboratory samples * for carbon content analysis 
	Bulk density samples * 

of the soil 
	Dead organic matter samples*

	
	4 Individual Samples
	1 Unique Homogenized Sample
	4 Individual Samples
	1 Unique Homogenized Sample
	4 Individual Samples
	1 Unique Homogenized Sample

	
	
	
	
	
	Litter
	Dead wood
	Litter
	Dead wood

	N
	
	
	
	
	
	
	
	

	S
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	

	W
	
	
	
	
	
	
	
	


* individually or homogenized sample and note the label of the bags (sub sample) and total weight in the field

Names of the field team (clearly specified):

Signatures 

On the sampling point, all organic layers will be removed to expose the mineral soil. Stones and exceedingly rooty soils will be avoided. When reaching a depth of 30 cm, the corer is taken out slowly not to affect the sample’s integrity. The four samples harvested must be put on a clean and dry plastic sheet, from which coarse fragments are removed, and the four samples are then well mixed and homogenized in a composite uniform color sample. The mixture is then filtered in a 2 mm sieve, so that in the end a unique sample of some 50 g is harvested in a paper bag. The bag is labeled with a code that allows further easier identification of the sampling plot, as follows:  

PMP code –S (type of sample: soil) – C (sample for C content)

Examples: 

DjRo2-S-C = Dolj, PMP 2 in Robinia, soil sample (S) for Carbon content analysis, 

or

OtQu4-S-C = Olt, PMP 4 in Quercus, soil sample for Carbon content analysis. 


If the collected samples are wet and cannot be prepared as described above, then the samples are put in separate bags labeled as above plus the cardinal direction of the sampling. (Ex: DjRo2-S-C-E, for East). These samples will be processed separately in the lab. Parallel to the sampling, the field sheet must be completed. 

The soil samples are air dried in a well-ventilated room and possibly coarse fragments are removed. Individual samples are ground (i.e. not those that are pre-homogenized), mixed until a uniform color is obtained and, finally, they are sieved by 2 mm sieve. Every lab sample is well homogenized and the chemical analysis sample is established by using the “quarters shares” method, with a size suitable to equipment type to be used in the lab. The quarters shares method allows the reduction to a small sample from a large initial sample: after the first step, the lab sample is 1/4 of its initial size; after the 2nd step the lab sample is 1/16 of its initial size, and so on, so that in a sample of the requested size is obtained for the lab analysis.  Practically the methods works by splitting the unique sample (i.e. field soil well mixed and homogenized) into four quarters (using two perpendicular diagonals on a table), out of which one quarter is retained as representative of whole sample, and the other 3 parts are discarded. Then, if needed, a smaller sample is obtained by then splitting the resulting sample again in four parts, and so forth.
The lab method recommended is the dry combustion, which offers precision and efficiency. A pre-test of the carbonates content of the soils should be done (usually chernozem soils in the project area contain carbonates) so the inorganic carbon must be pretreated by acidification to remove inorganic carbon.  

Alternative sampling method (by excavation). In case there is a superficial or rocky soil, the use of regular spade is recommended, with a length of 30 cm. In this way a pit with vertical walls must be dug up. From one of the walls , still using a spade, a slice is collected with constant thickness and a length of about 15 cm, then the same for the next 15 cm, until a depth of 30 cm. The collected samples are separated by a spatula, in uniform shapes, according to the above-specified procedures. The further processing is performed in a similar way to the above description. 

Nevertheless, carbon content in the soil must be related to the dry mass of soil sample (in the dryer at 1050 C). So, a sub-sample will be used to establish the humidity correction factor, as the ratio between the air-dried sample and the sample dried at 1050 C. 

Lab data are presented in tables with no required format, but they contain names (clearly specified) and the signatures of the head of the lab and staff involved.  The lab result files are kept as originals in the Project Management Unit.

Soil sampling and laboratory processing for bulk density

To establish the bulk density of the soil, by using the same type of corer, a second sample will be collected close to the first hole dug for carbon sampling. 2 samples are collected from 2 opposite cardinal directions (e.g. E and W). The sampling is vertically performed in a way that the soil sample remains intact when taking it out. The samples are checked for possible wood pieces and then they are both put in the same bag. If there are coarse fragments in the collected sample new ones are collected until the sample if free of coarse fragments.

In case the alternative density rings method is used, it is recommended to have 2 samples collected from a depth of about 10 cm (first sample) and from a depth of 20 cm (second sample) and to calculate the average of the two. The ring is set on the leveled wall, a small wooden board covers it and then it is hammered until it gets filled with soil.  The soil contained in the ring is removed using a spatula so as not to lose any of the soil.


The soil sample for bulk density is labeled as follows:

PMP code – S (type of sample: soil) – D (density sample) - Repetition number

Ex: DjRo2-S-D-1 = Dolj, PMP in Robinia, soil sample (S) for soil density (D), repetition #1 

or

OtQu4-S-D-2 = Olt, PMP 4 in Quercus, soil sample (S) for soil density (D), repetition #2 

The known soil volume sample (in natural shape) (V) is dried in the drier until a constant mass is obtained (Mu) at a temperature of 105oC. In further computations, it must be taken into consideration that the laboratory samples account for twice the volume of collected samples.

Data analysis

The soil organic carbon amount on a hectare is given by the following formula based on equal volume option:

tC/ha = Da (g/cm3) * CC (%) * 10,000 * 0.30

where: 

Cc – Carbon content in soil (in %, g C/100 g soil)

10,000 – number of m2 in ha


0.30 – analysis depth of soil (in m)

Da – soil bulk density, computed as follows: Da (g/cm3) = Mu /V 

where:

Mu – soil dry mass (dried at 105oC) (in g)

V – soil harvested sample volume (in cm3)

The results are statistically processed and shown as averages by stratum (soil type), accompanied by statistical indices (standard deviation, error deviation, upper and lower limit of 95% confidence interval). The measurement unit is in tC/ha. Average values are extended then to the entire stratum area, giving the carbon stock in the soil at a given moment (initial or monitoring time). 
Computation flow for soil carbon stock is:

	Soil type
	Stratum real area*

(ha)
	Unit carbon stock

(tC/ha)
	Total carbon stock by stratum

(tC/ha) **

	Alluvial 
	
	
	SA 0, M2, M3

	Psamosol
	
	
	SP 0, M2, M3

	Chernozem
	
	
	SCz 0, M2, M3

	Total carbon content in soils (TS)
	
	
	TS0, M2, M3


* known after all the planted area sheets are synthesized

** 0, M2, M3 stand for time zero, monitoring at time 2 and monitoring at time 3, respectively.

If the variability is too high, then the project area stratified by the same soil type may be more stratified according the afforestation formula.  

Quality control and quality assurance

It is necessary to have specific methods of control and assurance of quality in soil sampling, both in the field and in the lab.

One of the persons involved in the soil field sampling will be an experienced researcher and/or technical staff, moreover he/she will be specifically trained on the theory and practice of sampling, including all steps of the procedures described above, by qualified persons.

Qualified persons must check the collection and processing of field samples to ensure that the standard procedures are followed. To the extent possible, soil samples will be analyzed in one single lab and by the same staff.

At every 20 soil samples batches analyzed in the laboratory, one sample will be repeated for quality control, but its code will not be shared with the chemical staff involved in analyzing. 

It is necessary for the laboratory to intercalibrate on standard samples with other laboratories or to be accredited.

A team has to check at least 1 out of 10 PMPs done by another team, including field soil sampling and laboratory analysis. If differences between different teams appear, or if any error is discovered, this error must be corrected and recorded.

The homogeneity and the coefficients of variation of each layer will be also verified. If they are not homogeneous, they will be verified in the field and a post-stratification of the project area may be necessary. 

Soil sampling timing

Soil sampling is done before starting land and soil preparation to measure the initial carbon stock. To establish the stock of carbon, the sampling in the project will be done at the end of the vegetative season, before leaves fall (between August 15th and October 1st ), when soil humidity is minimal.   

Necessary equipment

· Soil corers with a known volume and bulk density rings. Necessary number of corers / density rings is 8 (of either the corers or the rings), one for each team. A team consists of two persons, one field forester and one researcher providing technical help, carrying out all works/measurement in the PMP.
· Compass and measure tape of 20 m

· Paper bags. Permanent marker.

· Sieve of 2 mm

· Rooms for storing and processing samples

· Specific lab equipment of precision (C analyzer)

· Drier (highest temperature of 200oC)

· Field precision scales (1 per  team) 

Annex 3

STANDARD OPERATING PROCEDURES FOR ESTABLISHING THE DEAD ORGANIC MATTER. ANALYTICAL METHODS AND DATA PROCESSING

Dead organic matter is defined as litter (leaves, fruits and twigs with diameter less than 1 cm) and dead wood lying on the grounds (branches with diameter larger than 1 cm).

  
The steps to be followed for measuring dead organic matter as the following:

1. Sampling sub-plots set-up

2. Sampling dead organic matter 

3. Laboratory processing

4. Data Processing

5. Quality Assurance/Quality Control
Sampling Plot Set-up 

The dead organic matter sampling sub-plots are placed along the 4 cardinal directions (N, S, E, W) at 5 m distance from the PMP centre (as previously described for soil, in Annex 2). In the monitoring years soil and litter are sampled in the same place. 

Sampling 


The dead organic matter accumulated on the surface of the soil is sampled with the help of a metallic frame with a square shape (inner width 50 cm). At two opposite corners of the frame two orifices are perforated allowing the frame to be fixed firmly into the soil by 2 pins. 


Once the frame is set on the soil, the dead organic matter sticking out of the frame is cut with a sharp blade along the inner edge of the frame. Then, discarding stones or mineral soil, the organic matter is carefully collected inside the frame. The samples of litter and dead wood are placed on two different plastic sheets and then well mixed. 
With a field precision scale (+/- 0.01g) litter and dead wood samples are weighed, then 3 sub-samples for moisture content and carbon content (about 50g) in the lab. Sampling is registered in the Field sheet for soil AND LITTER sampling (in Annex 2), where the litter and dead wood weights are registered. 

The sub-samples bags are labelled as follows:

PMP code - Ll(litter) and Ld(Dead wood) – repetition number (1,2,3)

e.g.: Dj-Ro-001 -Ll –1,2,3 and Dj-Ro-001-Ld-1,2,3

Laboratory Processing

Samples are first checked for moisture, then they are separated into two sub-samples: one for the carbon content of the litter and the other one for the mineral content of the litter (by combustion). Once these values are set for the sample collected in the field, corrections will be applied, as shown in the data processing protocol below.

A total of 20 samples on species should be enough to establish the carbon content in litter and dead wood, but moisture content and mineral content must be computed for any single sample.  

Lab results are delivered in a free format table, which should clearly show the names and the signatures of the head of the lab and the staff involved. The sheets with the results are transferred and kept as originals in the Project Management Unit.

Data Processing

The sub-samples’ contents of organic carbon are averaged and a unique value arrived at per PMP sub-plot for dead organic matter. Then the following is calculated: 

Litter carbon content on hectare (tC/ha) =  (total fresh weight (g) * dry mass/fresh mass * 1/area of frame (m2) * 10^4 m2/ha * t/10^6 g) / 4* {1 – (% mineral fragments /100)} 

Note that total fresh weight means that all 4 samples are bulked. 

The content of carbon in the samples in each PMP is globally averaged per stratum, then associated statistical indicators (standard deviation, standard error, 95% confidence interval) are computed.

The strata are established related to vegetation type (afforestation formula/mix) and age of plantation, according to the table presented below: 

	No.
	Stratum type

(related to main forest species in the afforestation formula)
	Area of stratum*

(ha)
	Carbon content in dead organic matter

(tC/ha)**
	Total stock of carbon accumulated in dead organic matter

(tC/ha)

	1.
	Quercus petraea
	
	
	Lspecies M1, M2, M3

	2.
	Salix sp.
	
	
	

	3.
	Robinia 100 %
	
	
	

	4.
	Robinia 75 % 
	
	
	

	5.
	Robinia 50 % 
	
	
	

	6.
	Elaeganus sp.
	
	
	

	7.
	Q. pedunculiflora
	
	
	

	8.
	Populus alba, P. nigra
	
	
	

	9.
	Q. cerris
	
	
	

	10.
	Gleditschia 50 % 
	
	
	

	11.
	Gleditschia 100 % 
	
	
	

	12.
	Fraxinus communis
	
	
	

	13.
	Shrubs (Arbusts)
	
	
	

	14.
	Pinus sp.
	
	
	

	
	Total Dead organic matter (TL M1,2,3)
	
	
	TLM1. M2. M3


* according Plantation monitoring sheet (see Annex 1)

** as summed between Ll and Ld
Quality Assurance/Quality Control


The statistical analyses will suggest the outliers, which will be eliminated or will lead to field re-measurements.

At every batch of 20 samples analysed in the laboratory, a sub-sample will be repeated.


Non-homogeneous data can lead to the verification of field sampling or to the restratification of data (in relation to other criteria, on biomass and soil components).

Sampling Time

 There is no sampling of litter in the initial carbon stock determination, but only in years 5, 10 and 15 of the project. Sampling is carried out at the end of the vegetative season, just before the leaves fall. 

Necessary Equipment
· Metal frame (inner edge of 50 cm), 1/each field team

· A steel sharp blade with round point and wooden handle, one for each team.

· Clippers to trim branches inside frame 

· Permanent marker

· Plastic bags

· Field Compass

· Field precision scales (0. 01 g) 

· Large drier (with air fan)

· Space for samples storage
Annex 4

STANDARD OPERATING PROCEDURE FOR SAMPLING AND PROCESSING

BIOMASS. ANALYTICAL METHODS AND DATA PROCESSING 

The steps for measuring the biomass carbon stock are the following:

1. Measurement of PMP area

2. Measurement of the living tree diameter and height and standing dead trees and stumps

3. Measurement of seedlings/trees biomass

4. Biomass processing in the laboratory

5. Data analysis 

6. Quality control/quality assurance

Measurement of permanent monitoring plots area

Biomass accumulated in the plantation will be estimated in circular areas of 200 m2  The standard radius (horizontal) of the area is 7.98 m for 200 m2 size and it is measured by a measure tape. We recommend the use of a simple IR device to measure distances. The radius used on the field is chosen according to the land inclination. The land slope is measured by clinometer and registered in the field sheet. The radius of circular area is computed with Rfield = R/cos α, with α = degrees  (measured in the field) and R = standard radius (in m). Then the area is scanned clockwise starting from the North. 

Measurement of the living tree, standing dead trees and stumps

Measuring live trees. All planted seedlings/trees included in the circular PMP area will be measured. Biometrical dimensions measurements will be done in the same way for all trees in a plot. At the 1st and 2nd monitoring periods the collar diameter will be measured and at the 3rd monitoring time the diameter at breast height (1.3 m) of trees.  However, a final decision regarding place of measurement will be taken according to the tree development; actual height above ground will be recorded. At the first verification at year 5, some trees will be tall enough to allow a DBH measurement (e.g. Robinia, Populus), but others (e.g. Quercus) will be too short to allow a DBH measurement. Lets think only that we will have that time plantation at 2 years old age.  It may be necessary to measure the collar diameter of all trees at the first verification (i.e. at year 5) and then the DBH at the second and third verifications (i.e. at years 10 and 15). This way heterogeneous data will be avoided.

Collar diameter measurement implies the measurement of seedlings diameter right at the base of trees over the topsoils. The instrument to be used is a caliper (with an electronic screen, preferably) and the absolute figures are noted (in mm). To measure the tree’s diameter at breast height a 1.30 m high pole is used, always set against the stem of trees to indicate the right place for diameter measurement. Readings will be done in cm. Two cross diameters are measured in case of flattened trunk, and their average is recorded. The measurement place and the data are recorded in the Biomass sheet (see the model below).  

If the tree is forked under 1.30 m height then 2 different trees are considered, they will be registered individually. If at the measurement point on the stem is abnormal (due to branches, knots) the measurement is taken above that point

In case of still living fallen trees, the diameter measurement is done, as they were standing upright, with the pole along the stem.

Measurement is done with the caliper/forest caliper/diameter tape, with the instrument’s axes perpendicular to the tree’s axis at the point of measurement.

The seedlings/small trees at the edge of the plots will be recorded in the field sheet and clearly marked by an asterisk. Once the measurement of all trees is done, these seedlings will be alternatively eliminated or maintained in the calculations; the first one is always kept.  

 For trees on the edge, the end of the ruler tape is set on the stem. If this is in the inner half of the tree, the tree is included, if not it is excluded. Trees bending outside the plot area having their base at least half inside the area are considered “in the plot”. If the radius is just over the middle of the stem then flip the coin to decide if tree is in or out.    

Measuring standing dead trees and stumps. Standing dead trees must be recorded in the field biomass as follows:

· No leaves –1

· No small and medium size branches –2 

· Only the main stem –3 

· If there is only a part of the stem – 4, the height in m and average diameter in cm are clearly specified.

These trees are recorded in the same sheet as above, taking into account the missing biomass.  Dead standing tress may lack leaves, branches or part of the stem. The missing part of dead trees must therefore be subtracted from this carbon pool.
Measurement of seedling/tree biomass 

The average diameter is established on species (in Biomass sheet) as arithmetical average of the diameter of seedlings/trees in the circle area of PMP .  


A total of 10 seedlings/trees on species with average diameter (± mean diameter), so that an equal number of plants with larger and smaller diameter will be cut outside of the PMP area, randomly in the parcel not to create gaps. These trees will measure the height before cut. Biomass measurement (weighing) is done in the field. Important species for forest biodiversity richness (planted or natural) will be excluded from biomass collecting but assimilated with more frequent species based on their diameter and height in the site (i.e. species like Malus, Pyrus, Sorbus).


Above-ground biomass will be separated into leaves, branches and main stems, and then weighted with a precision scale (0.1 g). The biomass parts are cut and separated on different plastic sheets. The mass is registered in the biomass sheet (see the model). Immediately after the weighing, 3 sub-samples of max. 100 g each of each biomass component are collected in plastic bags and labeled. Samples of biomass consist of pieces of stem or leaves. The bags must be hermetically closed. 

The label reads: PMP code – species – biomass type (F-leaves, T- stem, R- branches) - sub-sample number (1,2,3).

Below-ground biomass. At locations randomly selected outside of the PMP, the root system of standing biomass is excavated and all roots over 1 mm diameter are collected, cleaned and weighed in their fresh state and then 3 sub-samples of each are collected in plastic bags and labeled for laboratory analysis. The bags are hermetically closed.

The Label read contains: PMP code - species – root (Rd) – sub-sample number (1,2,3)

Shrubs biomass. To establish the planted shrubs biomass the procedure is as follows: the individual shrubs are counted in the PMP area, then 3 shrubs approximately medium in size are cut outside the PMP area, randomly located in the parcel not to create gaps.  3 sub-samples of each biomass component are weighed in fresh state (leaves, woody part), which are transferred in the laboratory for further analysis. 

Biomass Processing in the Laboratory

1. Sub-samples transferred from the field are at first weighed in their bags, then the weight of empty bags is established to obtain the fresh mass of samples. Then vegetal samples are weighed, dried at 80o C in oven (to constant mass). Knowing the mass of bags, humidity percent and fresh weight of samples the dry mass of samples is computed.  

2. Carbon content. Sub-samples dried in the field are analyzed for carbon content on each component of biomass. Carbon content is reported in fraction of dry matter, by each biomass type.   

Lab results are delivered in a free format table, but must clearly show the names and the signatures of the head of the lab and the involved staff. The sheets with the results are transferred and kept as originals in the Project Management Unit.

Data analysis 

The seedling/tree carbon content is obtained from summing up the carbon content of the directly measured seedling/tree components. The carbon content of tree components is estimated by multiplying the dry biomass component and its own specific fraction of carbon. For every tree species in the PMP, the total tree carbon content is graphically represented against diameter of all sampled trees, then a regression equation is developed. Lastly for the exact average diameters obtained in the PMP the average seedling/tree carbon content per species is computed, which, multiplied by the number of trees per species, gives the carbon content in the PMP for each species. Practically, the measurements in the PMP lead to an average value of the diameter and its corresponding biomass for each tree species present in the PMP. Since 10 trees need to be cut to establish the biomass, but it is next to impossible to cut the right diameter as per the computations, trees of diameters lower and higher than the computed average will be cut. For example, if the computed average diameter in the PMP was 3 cm for Robinia, teams will go outside the PMP and cut 5 trees of diameters less than 3 cm (e.g. 2.5 cm, 2.7 cm, 2.8 cm, 2.9 cm and 2.9 cm) as well as 5 trees of diameter more than 3 cm (e.g. 3.1 cm, 3.2 cm, 3.4 cm, 3.5 cm and 3.9 cm).   These will enable a linear regression of biomass. Entering the computed diameter (i.e. 3 cm) into this equation, the total carbon content of the average tree of each species present in each PMP will be estimated.
Additionally the average biomass of seedling/tree components is computed for species, leaves, branches, main stem and roots in the same way as before.   

The biomass carbon content in the seedling/tree biomass in the PMP area is established as follows:  

CBV (Carbon content in living trees in PMP) = Species 1 (number of trees x average tree carbon content of whole tree) + Species 2 (number trees x average tree carbon content of whole tree) + Species 3 (number trees x average tree carbon content of whole tree), etc.

CBU (Carbon content in dead standing trees in PMP) = Sum of Species {number of dead standing trees x (average dead whole tree carbon content – missing carbon content component)}

CBA (Carbon stock in the biomass of shrubs) = Number of shrubs on PMP area x Carbon content on average shrub   
Consequently, the total amount of carbon in the biomass of PMP area is:

CB = CBV + CBU + CBA
The carbon content is established on each PMP, then as average per stratum, and accompanied with the 95% confidence interval. The total biomass carbon stock on each stratum is at first computed for one ha then it is extrapolated on whole stratum area. 

Allometric Equation Construction

For the purpose of future carbon projections, site- and species-specific allometric equations will be built, between measured diameter, height and biomass/carbon content by components/whole tree biomass, by graphically representing the components carbon content against diameter and height.  This way one equation is developed for each of the following: Robinia, Populus and other hardwoods with biomass a function of diameter and height. 

Quality Control/Quality Assurance


The team manager will verify the total number of trees on the PMP, indirectly through number trees of some species, treatment of limit trees, number of dead trees and their classification according to their biomass.

Verification of average diameter through measurement of tree/plant diameters on 2 perpendicular diameters, for most important species in the PMP. These are registered in the field sheet in the specified bolded frame (Field re-measured diameters). Sub-samples to be used for the humidity content will be stored in the laboratory for further verification. Some samples are verified at random to check that constant mass was reached after drying. Repeated samples will be analyzed for carbon content (1 sample at every 20 batch of samples). Data heterogeneity is tested. In case these data are heterogeneous it is recommended to take additive samples, to check field sampling and in the end a restratification of the data may be needed.    

Sampling Time 

Sampling of biomass is done before leaves falling starts, between 15th of August and 1st of  October.

Necessary Staff and Equipment

Field team– 2 people 

1. Caliper (electronic display)/Forest caliper/diameter tape

2. Ruler tape of 20 m long or IR distance meter

3. Scissors

4. Plastic sheets (5 pieces/team)

5. Hand-saw

6. 2 shovels/team

7. 1 Spatula/team

8. Plastic bags, permanent marker

9. Scale balance (+/- 0.1 g precision)

10. C analyzer

11. Drier

12. Vegetal material grinder

13. Hand calculator (1pcs./team)

Biomass sheet 

	Forest Branch:
	
	PMP area (m2)
	200
	500

	Forest District:
	
	Slope  (%)
	

	Working Unit:
	
	
	
	

	Management Unit:
	
	
	
	

	Date:          
	
	
	
	


	PMP code
	
	Plantation age 

(years)

	GPS references
	Latitude:
	Longitude:
	Altitude:
	

	
	
	
	
	


	Field measured biomass dimensions

	TREES

	Species
	Diameter- Di (mm, cm) 
	Average diameters** 
	Field re-measured diameters

	
	Viable seedlings/trees
	Dead trees/seedlings *
	collar
	DBH
	

	Species 1
	Measured values D1, D2, D3, … …..Dn
	Dj
	
	

	Species 2
	Measured values D1, D2, D3, … …..Dn
	
	
	

	Species 3
	Measured values D1, D2, D3, … …..Dn
	
	
	

	….
	………….
	
	
	

	….
	
	
	
	

	SHRUBS 

	Species
	Number of individuals
	Average diameter (crown diameter)

	Species 1
	
	

	Species 2
	
	

	
	
	


* to note the diameter and the missing biomass indices (ie: Dj2, a seedling with the Dj diameter and missing branches)   

** Pick the suitable option from the two available.

	AVERAGE TREE BIOMASS 

Measurement unit 1 g FW (= grams of Fresh Weight)

	Tree no.
	Diameter

(mm/cm)
	Height

(cm)
	Foliage 

biomass
	Branches biomass
	Stem biomass
	Roots biomass

	1

2

.

..

..
	
	
	
	
	
	

	Average
	
	
	
	
	
	


Note: 10 trees/seedlings on species are convenient and statistically sound for biomass component measurement. 

	SHRUBS biomass – average size

Measurement unit 1 g FW (= grams of Fresh Weight)

	No. of shrubs
	Shrubs no. / PMP area
	Foliage biomass 
	Above ground biomass
	Underground biomass

	1

2

…
	
	
	
	

	Average 
	
	
	
	


	Field team 

(clearly specified names)
	Controller,

	Signatures
	Name (clearly specified)

	
	Signature

	
	

	
	


Annex 5

ESTIMATION OF THE GREENHOUSE GAS EMISSIONS (N2O and CO2) FROM NITROGEN BASED FERTILIZERS AND FOSSIL FUEL USE    

Field data regarding the use of fertilizers and  combustible use in the project are delivered in the Annex 1, in the Monitoring plantation sheet.

Estimation of the CO2 emissions from fuel use 

(Diesel, gasoline). In the next table the annual amount of fuels will be provided by summing the fuel amounts used and recorded in the plantation monitoring sheet, regardless of the type of of work they were used for (soil and land preparation, or plantation maintenance ).  

	Timing
	Fuel type (liter / total project area)
	Equivalent CO2*

(as g CO2/ liter of fuel type )
	Amount to be deducted

(t CO2)

	
	Gasoline
	Diesel
	Gasoline
	Diesel
	

	Year 0
	
	
	B1
	M1
	Do = B1+M1

	Year 1
	
	
	B2
	M2
	D1 = B2+M2

	Year 2
	
	
	B3
	M3
	D2=  B3+M3

	Year 3
	
	
	B4
	M4
	D3 = B4+M4

	Year 4
	
	
	B5
	M5
	D4 = B5+M5

	Year 5
	
	
	B6
	M6
	D5 = B6+M6

	MI
	
	
	
	
	TDMI =Σ Di (i=0-5)

	Year 6
	
	
	
	
	D6

	Year 7
	
	
	
	
	D7

	Year 8
	
	
	
	
	D8

	Year 9
	
	
	
	
	D9

	Year 10
	
	
	
	
	D10

	MII
	
	
	
	
	TDMII =Σ Di (i=5-10)

	Year 11
	
	
	
	
	D11

	Year 12
	
	
	
	
	D12

	Year 13
	
	
	
	
	D13

	Year 14
	
	
	
	
	D14

	Year 15
	
	
	
	
	D15

	MIII
	
	
	
	
	TDMIII =Σ Di (i=11-15)


* default data for Diesel: 2,633 gCO2/ liter diesel or 2.633 kgCO2/ liter diesel or 2.633 tCO2/ tonne diesel; default data for gasoline:  2,303 gCO2/ liter gasoline  or 2.303 kgCO2/ liter gasoline or 2.303 tCO2/ tonne gasoline. Both values are subject to change according API of romanian oil

Estimation of the CO2e emissions from the use of nitrogen fertilizers 

Field data on fertilizers are delivered in the plantation monitoring sheet in Annex 1. 

	Timing
	Nitrogen amount on fertilizer type 

(annual amount on total project area)

(t)
	Specific emission on fertilizer type

(%)
	Total emissions on year

(t N2O)
	Amount to be deducted

(t CO2e)

	Year 0
	A0
	1.25 *
	E0 =1.25*A0
	Fo = GWP1  x E

	Year 1
	
	
	
	F1 = …

	Year 2
	
	
	
	F2

	Year 3
	
	
	
	F3

	Year 4
	
	
	
	F4

	Year 5
	
	
	
	F5

	MI
	
	
	
	TFMI =Σ Fi (i = 0-5)

	Year 6
	
	
	
	F6

	Year 7
	
	
	
	F7

	Year 8
	
	
	
	F8

	Year 9
	
	
	
	F9

	Year 10
	
	
	
	F10

	MII
	
	
	
	TFMII =Σ Fi (i = 6- 10)

	Year 11
	
	
	
	F11

	Year 12
	
	
	
	F12

	Year 13
	
	
	
	F13

	Year 14
	
	
	
	F14

	Year 15
	
	
	
	F15

	MIII
	
	
	
	TFMIII =Σ Fi (i=11-15)


* - IPCC default value = 1.25 % kg N2O/kg N, subject to change if local emission factors will be developed

Annex 6

COMPUTATION OF THE TOTAL CHANGE IN CARBON STOCKS 

DUE TO THE PROJECT 

This shows the computation to arrive at the total carbon amount in the total project. The principle of computation is based on the stock computation on each component, then the final values are summed. 

Estimation of the changes in carbon stocks in soils

	Characteristic
	Stratum (soil type)

	
	Alluvial
	Psamosol
	Chernozem

	Carbon stock in soil – reference level
	SA0
	SN0
	SCzo

	Total Carbon stock in soil – reference level 
	TS0 = SA0 + SN0 + SCzo

	Carbon stock in soil at 2nd  project monitoring 
	SAM2
	SNM2
	SCzM2

	Change in C stock over first 2 monitoring periods of the project
	ΔA2= SAM2 - SA0 
	 ΔN2 = SNM2 - SN0 
	ΔCz2 = SCzM2 - SCzo 

	Total change in carbon stock over the first 2 monitoring periods  of the project

 (TSM2)
	TSM2 * = ΔA2 + ΔN2 +Δ Cz2

	Carbon stock in the soil at 3rd  monitoring time 
	SAM3
	SNM3
	SCzM3

	Change in C stock over f3rd  monitoring period of the project
	ΔA3=SAM3 - SAM2
	ΔN3= SNM3 - SNM2
	ΔCz2 =SCZM3 - SCZM2

	Total carbon stock accumulated over the 3rd monitoring period of the project

 (TSM3)
	TSM3 * = ΔA3 + ΔN3 +Δ Cz3


* Δ is considered as difference between the upper limit of one monitoring time and inferior limits of the subsequent monitoring time, of the confidence interval of the mean for carbon content in the soils 
Estimation of the changes in carbon stocks in the dead organic matter

 (tC/ha) 

	No. 
	Stratum type

/age


	Carbon stock at first monitoring time

(tC/ha)
	Total stock 

MI
	Carbon stock at second  monitoring time

(tC/ha)
	Total stock 

MII
	Carbon stock at third monitoring time

(tC/ha)
	Total stock

MIII

	1.
	Quercus petraea
	L1Go
	Σ L1specie
	L2Go
	Σ (L2 specie – L1 specie)*
	L3Go
	Σ (L3 specie– L1,2 specie)**

	2.
	Salix sp.
	L1Sa
	
	L2Sa
	
	L3Sa
	

	3.
	Robinia 100 %
	L1Sc100
	
	L2Sc100
	
	L3Sc100
	

	4.
	Robinia 75 %
	L1Sc75
	
	L2Sc75
	
	L3Sc75
	

	5.
	Robinia 50 %
	L1Sc50
	
	L2Sc50
	
	L3Sc50
	

	6.
	Elaeagnus sp.
	L1Sl
	
	L2Sl
	
	L3Sl
	

	7.
	Q. pedunculiflora
	L1Stb
	
	L2Stb
	
	L3Stb
	

	8.
	Populus sp. 
	L1Pla
	
	L2Pla
	
	L3Pla
	

	9.
	Q. cerris 
	L1Ce
	
	L2Ce
	
	L3Ce
	

	10.
	Gleditschia sp. 50 %
	L1Gl50
	
	L2Gl50
	
	L3Gl50
	

	11.
	Gleditschia sp. 100 %
	L1Gl100
	
	L2Gl100
	
	L3Gl100
	

	12.
	Fraxinus sp.
	L1Fr
	
	L2Fr
	
	L3Fr
	

	13.
	Shrubs
	L1Arb
	
	L2Arb
	
	L3Arb
	

	14.
	Pinus sp.
	L1Pi
	
	L2Pi
	
	L3Pi
	

	
	Total change in Carbon stock over the project
	
	L M1
	
	L M2
	
	LM3

	
	Change in Carbon stock over the first monitoring interval 
	TL M1 = L M1

	
	Change in Carbon stock over the second monitoring interval
	ΔLM2= LM2 - LM1

	
	Change in Carbon stock over the third monitoring interval
	ΔLM3 = LM3 - LM2


* only in situation where differences (Δ) are significant between two successive monitoring times, insignificant differences are excluded from the grand total

** L3  has to be statistically compared with  L1 (if  L1 is significantly different of  L2) or with  L2 (if  L1 is significantly different of  L2)

Estimation of the changes in carbon stock in the biomass

(tC/ha)

	No. 
	Stratum type

/age


	Carbon stock at first monitoring time

(tC/ha)
	Total stock 

MI
	Carbon stock at second  monitoring time

(tC/ha)
	Total stock 

MII
	Carbon stock at third monitoring time

(tC/ha)
	Total stock

MIII

	1.
	Quercus petraea
	V1Go
	Σ V1specie
	V2Go
	Σ (V2 specie - V1 specie)*
	V3Go
	Σ (V3 specie - V1,2 specie)**

	2.
	Salix sp.
	V1Sa
	
	V2Sa
	
	V3Sa
	

	3.
	Robinia 100 %
	V1Sc100
	
	V2Sc100
	
	V3Sc100
	

	4.
	Robinia 75 %
	V1Sc75
	
	V2Sc75
	
	V3Sc75
	

	5.
	Robinia 50 %
	V1Sc50
	
	V2Sc50
	
	V3Sc50
	

	6.
	Elaeagnus sp.
	V1Sl
	
	V2Sl
	
	V3Sl
	

	7.
	Q. pedunculiflora
	V1Stb
	
	V2Stb
	
	V3Stb
	

	8.
	Populus sp. 
	V1Pla
	
	V2Pla
	
	V3Pla
	

	9.
	Q. cerris 
	V1Ce
	
	V2Ce
	
	V3Ce
	

	10.
	Gleditschia sp. 50 %
	V1Gl50
	
	V2Gl50
	
	V3Gl50
	

	11.
	Gleditschia sp. 100 %
	V1Gl100
	
	V2Gl100
	
	V3Gl100
	

	12.
	Fraxinus sp.
	V1Fr
	
	V2Fr
	
	V3Fr
	

	13.
	Shrubs
	V1Arb
	
	V2Arb
	
	V3Arb
	

	14.
	Pinus sp.
	V1Pi
	
	V2Pi
	
	V3Pi
	

	
	Total Carbon stock accumulated over the project
	
	V M1
	
	V M2
	
	VM3

	
	Change in Carbon stock over the first monitoring interval 
	TV M1 = V M1

	
	Change in Carbon stock over the second monitoring interval
	ΔVM2= VM2 - VM1

	
	Change in Carbon stock over the third monitoring interval
	ΔVM3 = VM3 - VM2


* only in situation where differences (Δ) are significant between two successive monitoring times, insignificant differences are excluded from the grand total

** V3  has to be statistically compared with  V1 (if  V1 is significantly different of  V2) or with  V2 (if  V1 is significantly different of  V2)

Total Change in the stocks of carbon due to the project

Total change in Carbon stock over the first monitoring interval: Ctotal M1 = T VM1 + T LM1 - TDMI - TFMI
Total change in Carbon stock over the second monitoring interval Ctotal M2 = TSM2 + TVM2 + TLM2 - TDMII - TFMII
Total change in Carbon stock over the third monitoring interval Ctotal M3 = TSM3 + TVM3 + TLM3- TDMIII - TFMIII
Total change in Carbon stock is then multiplied by the ratio between CO2/C, namely 44/12 (with the exception of emissions from fuels and fertilization which are already in CO2) to arrive at the total number of emission reductions due to the project.
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� The difference is included within the project area but consists of preserving natural vegetation, an activity which does not generate carbon credits (Emission Reductions or ERs).


� In the case of this project, the baseline scenario was found to be the business-as-usual scenario, so the baseline carbon sequestration was assumed equal to the existing carbon stocks in the absence of the project. No attempts were made at claiming avoided soil carbon losses from the project. It is also assumed that no additional carbon sequestered in the absence of the project and that the land is in steady state.


1 Giurgiu V.: Metode ale statisticii matematice aplicate in silvicultura, Edt. Ceres, Bucuresti, 1972


1  The CV is a measure of relative variability, computed as ratio between the average and the standard deviation of a range of row data


� Psamosol is sandy soil.


� Alluvial soils are soils rich in alluvial deposits along the River Danube or other waterways.


� Chernozem is the zonal soil, i.e. the soil expected in steppes and silvo-steppes, whcih corresponds to most project areas.


� It is necessary to correct the PMP area using the cosinus formula since the computed PMP area is assumed to be on a horizontal plane, whereas the real work plane may be slanted.


1 Field teams will be adequately instructed and trained regarding specific measurements to be done in the field, in the month of  july of the monitoring years (5, 10 and 15 of the project)


1  GWP - Global Warming Potential, which defines the climatic effect generated by a greenhouse gas compared to CO2 as reference gas. 
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