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DESCRIBING AN OWN CALCULATION PROGRAM FOR THE ORGANIC CARBON FROM SOILS (STOCS) AND ITS MAIN APPLICATIONS
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Abstract. StOCS or the program for calculating the organic carbon from soils has more than one phase. In a first stage, it calculates the quantity for organic C (in g/kg) on each type of soil, then on the standard depths of 0-10 cm, 11-20 cm, 21-40 cm and 41-100 cm. It then calculates the total stock of organic C, differentiated on soil types. The program is extremely useful for the analysis of a large number of analytical determinations. This paper presents two applications of this program: the analysis in time of the variation of organic C stock from the same administrative area (3 forest districts at intervals of 10 years) and the analysis of the organic C stock variation in time at the level of the entire country (30 forest districts for each year of the 2000-2009 period). The program can be used for the calculation of national or regional organic carbon stocks that are required for the United Nations Convention for Climatic Changes reports or for the Kyoto Protocol reports or for the analysis of data obtained at soil monitoring inventories.
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INTRODUCTION

Currently, SOC stock for a given soil strata is estimated by extrapolating a SOC content per soil mass to SOC pool per soil volume, obtained by multiplying SOC by soil bulk density and soil layer depth. However, this approach does not take into account that soil bulk density is variable between soils (Balesdent 1996). This may be the source of some error when soils with very different bulk densities are compared. Thus, in order to calculate the quantities of organic carbon accumulated in different types of soils, according to the method described by Batjes (Batjes 1996), the values for each soil type is multiplied with the bulk density and with the standard’s depths, with the formula:
C-stockmin = C-conc × BD × d × CFst                        (1)

where C-stockmin is the C stock in the mineral soil (kg/m2 ×10 = t/ha), d is the depth class/horizon thickness (m), C-conc is the concentration of organic carbon (g/kg), BD is the bulk density (kg/dm3) and CFst is the correction factor for stoniness, 100 − (% stones) / 100.

 The mineral bulk density (usually estimated at 1.33 kg/m3) is determined based on the ‘Mineral Bulk Density Chart’ developed by Rawlsand Brakensiek, 1985 – See Table 1).
Table 1
Mineral Bulk Density Chart (Rawls and Brakensiek, 1985)

	sand

	clay
	%
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	
	10
	1.4
	1.2
	1.25
	1.27
	1.4
	1.52
	1.58
	1.69
	1.65
	1.53

	
	20
	1.4
	1.25
	1.35
	1.45
	1.53
	1.6
	1.67
	1.72
	
	

	
	30
	1.4
	1.3
	1.4
	1.5
	1.57
	1.63
	1.68
	
	
	

	
	40
	1.4
	1.35
	1.44
	1.55
	1.61
	1.68
	
	
	
	

	
	50
	1.4
	1.35
	1.44
	1.53
	1.62
	
	
	
	
	



The main problem with this formula appears when a large number of soil analysis is taken into consideration, both from the calculation point of view as well as for the establishment of the bulk density or the fact that the soil samples are taken from different depths. Based on these facts, the usage of a program for the calculation of organic C stock is extremely useful and necessary.  
MATERIAL AND METHODS

StOCS (Stock of Organic Carbon in Soil) calculates, in a first stage, the quantity of organic carbon (in g/kg) for each soil type and on the standard depths of 0-10 cm, 11-20 cm, 21-40 cm and 41-100 cm. In previous researches I have demonstrated that the variation of the quantity of organic C from soils is of logarithmic type, with a strong decrease at the depth of 0-20 cm and a slow decrease hereinafter. As such, the distribution on the above depths is very correct. 
The data that has to be introduced in the program are the following: 

-the year when the soil samples were gathered (which is smaller with one year than the year for realizing the forest management station);    
-a code for the harvesting area (in the table 24 is the DS code, 01 is the OS code, 01 is the UP one, and 10C is the parcel);

-soil type (updated, based on SRTS 2003);

-the pedogentic horizon;

-the samples harvesting depth (if the 100 cm margin is exceeded, the value of 100 is recorded);
-humus quantity (%).
An example of introduced data in the program is given on table 2.
Table2
Data introduced in the StOCS Program (Baia Mare Forest District)

	Year
	Code (DS,OS UP ua)
	Soil type
	Horizon
	Depth(cm)
	Humus(%)

	2001
	24_01_01_10C
	luvosol
	Ao
	0-12
	2.205

	2001
	24_01_01_10C
	luvosol
	El
	12-21
	1.867

	2001
	24_01_01_10C
	luvosol
	Bt
	21-50
	0.928

	2001
	24_01_01_13A
	dystric cambosol
	Ao
	7-12
	2.036

	2001
	24_01_01_13A
	dystric cambosol
	Bv
	35-50
	1.253

	2001
	24_01_01_15A
	eutric cambosol
	Ao
	0-14
	2.169

	2001
	24_01_01_15A
	eutric cambosol
	Bv
	25-55
	0.780

	2001
	24_01_01_23B
	dystric cambosol
	Ao
	0-10
	2.471

	2001
	24_01_01_23B
	dystric cambosol
	Bv
	15-40
	1.855

	2001
	24_01_01_26F
	eutric cambosol
	Ao
	0-10
	1.992

	2001
	24_01_01_26F
	eutric cambosol
	Bv1
	10-25
	1.538

	2001
	24_01_01_26F
	eutric cambosol
	Bv2
	25-40
	1.015

	2001
	24_01_01_29A
	eutric cambosol
	Ao
	0-8
	2.689

	2001
	24_01_01_29A
	eutric cambosol
	Bv
	12-30
	1.654



The program then calculates the organic C stock differentiated on soil types. In order to achieve this stage, the following stages must be completed:


-the humus quantity (%) is transformed in organic C quantity (g/kg) by multiplying it with 5.8;


-the bulk density (BD) is calculated for each organic C value, by using Adams (1973) pedo-transfer function:
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where %OC is the % or organic C, MBD the medium bulk density (with the value of 1.33 kg/m3);


-the stock of organic C is then calculated by multiplying the quantity of organic C with the bulk density and with the standard category thickness depth. 


The program was  realized for the calculation of organic C stock up to the depth of 1 meter (many specialists from abroad are calculating the stock of organic C only to the depth of 30 cm, considering that the main forest roots are spread to that depth, a fact which is incorrect as quantities of organic C exist at greater depths; as a fact, the most spread shaping organic C program, Yasso, also calculates this stock up to the depth of 1 m,  Didion M. et. al., 2014). For some soils, a maximum depth was established based on their specific conditions (e.g.: dystric cambosol = 80 cm, entic podzol = 70 cm, rendzic leptosol = 60 cm), (Dincă L. et al., 2012).

RESULTS AND DISCUSSIONS

An example of calculating the stock of organic C is rendered below, in Table number 3. 

Table 3
Example of calculating with the StOCS program: Sighişoara Forest District, 2002, eutricambosol
	Code
	Soil type
	Horizon
	Humus
	Carbon
	App. density
	C Stock
	Layer
	Harvesting thickness
	
	

	26_06_03_36
	eutric cambosol
	Bv1
	5.341
	30.97727273
	1.075
	33.3
	10-20
	10-20
	eutricambosol
	

	26_06_07_75A
	eutric cambosol
	Bv1
	2.482
	14.39568345
	1.198
	17.25
	10-20
	10-20
	eutricambosol
	

	26_06_07_156A
	eutric cambosol
	Bv1
	1.770
	10.26315789
	1.233
	12.65
	10-20
	10-20
	eutricambosol
	

	 
	 
	 
	 
	18.54537136
	
	21.0666667
	
	10-20 Average
	
	21.06667

	26_06_01_2
	eutric cambosol
	Ao
	8.750
	50.75
	0.958
	48.62
	1-10
	1-10
	eutricambosol
	

	26_06_02_47A
	eutric cambosol
	Ao
	4.773
	27.68181818
	1.097
	30.37
	1-10
	1-10
	eutricambosol
	

	26_06_03_36
	eutric cambosol
	Ao
	10.682
	61.95454545
	0.902
	55.88
	1-10
	1-10
	eutricambosol
	

	26_06_05_16D
	eutric cambosol
	Ao
	5.824
	33.78021978
	1.057
	35.71
	1-10
	1-10
	eutricambosol
	

	26_06_07_75A
	eutric cambosol
	Ao
	4.532
	26.28776978
	1.107
	29.1
	1-10
	1-10
	eutricambosol
	

	26_06_07_156A
	eutric cambosol
	Ao
	3.838
	22.26315789
	1.136
	25.29
	1-10
	1-10
	eutricambosol
	

	 
	 
	 
	 
	37.11958518
	
	37.495
	
	1-10 Average
	
	37.495

	26_06_01_2
	eutric cambosol
	Bv1
	2.045
	11.86363636
	1.219
	28.92
	20-40
	20-40
	eutricambosol
	

	26_06_02_47A
	eutric cambosol
	Bv1
	2.045
	11.86363636
	1.219
	28.92
	20-40
	20-40
	eutricambosol
	

	26_06_03_36
	eutric cambosol
	Bv2
	5.682
	32.95454545
	1.062
	70
	20-40
	20-40
	eutricambosol
	

	26_06_05_16D
	eutric cambosol
	Bv
	2.637
	15.2967033
	1.191
	36.44
	20-40
	20-40
	eutricambosol
	

	26_06_07_75A
	eutric cambosol
	Bv2
	1.511
	8.762589928
	1.246
	21.84
	20-40
	20-40
	eutricambosol
	

	 
	 
	 
	 
	16.14822228
	
	37.224
	
	20-40 Average
	
	37.224

	26_06_01_2
	eutric cambosol
	Bv2
	0.795
	4.613636364
	1.285
	35.57
	40-100
	40-100
	eutricambosol
	

	26_06_02_47A
	eutric cambosol
	Bv2
	1.023
	5.931818182
	1.272
	45.27
	40-100
	40-100
	eutricambosol
	

	26_06_07_75A
	eutric cambosol
	Bv3
	0.863
	5.007194245
	1.281
	38.49
	40-100
	40-100
	eutricambosol
	

	26_06_07_75A
	eutric cambosol
	C
	0.594
	3.442446043
	1.296
	26.77
	40-100
	40-100
	eutricambosol
	

	26_06_07_156A
	eutric cambosol
	Bv2
	1.606
	9.315789474
	1.241
	69.37
	40-100
	40-100
	eutricambosol
	

	26_06_07_156A
	eutric cambosol
	C
	1.497
	8.684210526
	1.247
	64.98
	40-100
	40-100
	eutricambosol
	

	
	
	
	
	6.165849139
	
	46.7416667
	
	40-100 Average
	
	46.74167

	
	
	
	
	19.80449157
	
	37.737
	
	Grand Average
	
	142.5273

	
	
	
	
	
	
	
	
	
	
	


Examples of applying the program
The analysis of organic C stock variation in time in the same administrative terrain

Approximately 6 management forest plans exist at a forest district level due to the fact that forest management plans were implemented in some cases from the 6 decade. However, soil analysis have started in the 80’s so that the study of the variation of organic C quantity from soil can be studied only for 3 (maximum 4) successive management plans. 

The soil data, copied in Excel files, were introduced in the StOCS Program that then calculated the organic C stock for each type of soil. The stock for the entire forest district was then calculated by multiplying each soils type C stock (t/ha), with the surface occupied by that type of soil (the surface was extracted from the forest management characteristic to that period that was considered constant for all the other forest management plans).  
The surface of forest districts is extracted from the forest soil’s GIS map (Dincă L. et al., 2014) and represents the surface occupied by forest before the start of restitutions. As such, the organic C stock is calculated for the entire forest fund of the respective area (regardless of its current state, private or public). 

By calculating the total organic C stock on forest districts based on the participation percentage of each soil type, possible errors caused by ignoring this repartition are removed.  For example, if a soil such as fluvisol presents large variations of organic C stock between the harvesting years but its participation percentage is low (as is usual in the case of fluvisols), the influence of this variation in the total quantity of organic C stock is insignificant.  

An example of calculating the variation of organic C stock from soil for a forest (Mediaş) is presented below:
Table 4
Example of calculation for Mediaş forest district (1987)

Quantity of org C (g/kg) /organic C stock (t/ha)

	Soil type
	0-10 cm
	10-20 cm
	20-40 cm
	40-100 cm
	Stock C (t/ha)
	Corrected Stock

	Preluvosol
	37.95 (37)
	19.84 (23)
	9.83 (24)
	4.48 (34)
	118.02
	

	Luvosol
	36.12 (34)
	18.18 (21)
	6.4 (16)
	3.31 (25)
	96.36
	

	Eutric cambosol
	33.57 (34)
	25.93 (29)
	14.77 (33)
	7.21 (54)
	150.48
	

	Phaeozem
	52.28 (47)
	27.74 (29)
	18.27 (41)
	12.2 (89)
	206.43
	


Total Stock OS =  32240*0.1*118 +32240*0.6*96 +32240*0.1*151 + 32240*0.2*206  =  380.432 + 1.857.024 + 486.824 + 1.328.288 = 4.052.568t

Example of calculation for Mediaş forest district (1998)

Quantity of org C (g/kg) /organic C stock (t/ha)
	Soil type
	0-10 cm
	10-20 cm
	20-40 cm
	40-100 cm
	Stock C (t/ha)
	Corrected Stock

	Preluvosol
	28.67 (30)
	5.92 (8)
	7.83 (19)
	5.52 (42)
	98.55
	

	Luvosol
	28.97 (31)
	11.62 (14)
	6.97 (17)
	5.3 (40)
	102.36
	

	Eutric cambosol
	29.2 (31)
	22.33 (25)
	10.3 (25)
	4.81 (37)
	118.23
	

	Phaeozem
	28.65 (31)
	10.01 (12)
	11.8 (28)
	3.57 (28)
	98.81
	


Total Stock OS =  32240*0.1*99 +32240*0.6*102 +32240*0.1*118 + 32240*0.2*99  = 319.176 + 1.973.088 +   380.432 + 638.352 = 3.311.048t

82  %in comparison with 1987

Example of calculation for Mediaş forest district (2007)

Quantity of org C (g/kg) /organic C stock (t/ha)

	Soil type
	0-10 cm
	10-20 cm
	20-40 cm
	40-100 cm
	Stoc C (t/ha)
	Corrected Stock

	Preluvosol
	27.99 (31)
	11.13 (14)
	6.67 (17)
	2.84 (22)
	83.2
	

	Luvosol
	24.32 (27)
	10.54 (13)
	7.21 (18)
	4.27 (33)
	89.99
	

	Eutric cambosol
	40.25 (39)
	17.79 (21)
	5.74 (15)
	7.6 (56)
	129.9
	

	Phaeozem
	32.16 (33)
	14.96 (18)
	10.43 (25)
	5.25 (40)
	115.56
	


Total Stock OS =  32240*0.1*83 +32240*0.6*90 +32240*0.1*130 + 32240*0.2*116  =  267.592 + 1.740.960 + 419.120 + 747.968 = 3.175.640t

78  %in comparison with  1987

96  %in comparison with 1998
The analysis of the variation in time of the organic C stock at the level of the entire country 
The soil analysis realized for the forest management activity in the period 2000-2009 were used for this analysis. All the analysis were verified both from the point of view of the already existent database, as well as with regard to the data from the respective forest management plans regarding the stational and tree condition. 

Data obtained each year from approximately 30 forest districts were used as well as approximately 2000 soil samples, sufficient data for a good statistic covering of the results.  


An example regarding the obtained results (the organic C stock for the year 2001) is rendered in the following table. 
Table 5
Organic C stock from Romanian forest soil for the year 2001 
	Soil type
	0-10 cm
	11-20 cm
	20-40 cm
	40-100 cm
	Total stock 

	
	C Quant
	C Stock
	C Quant
	C Stock
	C Quant
	C Stock
	C Quant
	C Stock
	

	Fluvisol
	12.5
	15
	16.5
	20
	4.6
	12
	4.0
	31
	78

	Chernozem
	34.77
	32
	17.91
	2
	13.18
	30
	8.28
	61
	143

	Dystric cambosol
	23.68
	25
	18.9
	21
	12.67
	29
	7.95
	38
	114

	Eutric cambosol
	23.38
	25
	16.0
	18
	11.06
	26
	7.26
	53
	124

	Phaeozem
	32.25
	33
	19.94
	22
	14.32
	33
	8.59
	63
	152

	Gleysol
	25.6
	27
	18.71
	21
	15.75
	36
	8.42
	62
	146

	Luvosol
	25.94
	28
	15.38
	18
	11.56
	26
	6.98
	52
	124

	Nigrosol
	14.4
	17
	7.36
	9
	7.67
	19
	2.87
	22
	68

	Haplic podzol
	29.43
	31
	
	20
	17.82
	40
	14.72
	53
	159

	Preluvosol
	23.97
	26
	16.33
	19
	12.46
	29
	8.31
	61
	134

	Entic podzol
	33.27
	33
	34.15
	35
	21.81
	47
	13.41
	47
	163

	Rendzic leptosol
	28.04
	29
	29.21
	30
	13.21
	31
	8.88
	21
	110

	Solonchak
	13.52
	16
	16.58
	20
	6.09
	15
	4.14
	32
	82

	Solonetz
	14.59
	17
	9.18
	11
	6.82
	17
	4.31
	33
	78

	Stagnosol
	27.86
	28
	
	
	14.81
	34
	10.56
	77
	140

	Vertosol
	35.21
	35
	23.41
	26
	18.52
	41
	10.54
	75
	177


CONCLUSIONS

The calculation formula for the organic C stock is hard to apply in the case of a large number of analysis and on different soils. The elaborated program (StOCS) facilitates this aspects and allows an automatic calculation of the organic C stock, differentiated on soil types. This program takes into consideration the distribution of organic C on soil profiles and the average depth of different forest soils from our country. 

Studying the variation in time of the organic C stock from soils is difficult to realize due to the lack of analysis realized in the same spot and at different period of times (a minimum of 3 periods is needed, at a minimum distance of 7 years). However, analysis of this variation were achieved in Romania, by using data from 3 successive forest management plans and by realizing averages of this stock on soil types with the help of our program.


Furthermore, the presented program was used for the analysis in time of the organic C stock from the entire country. The obtained results were extremely useful for the international reports that our country had to prepare. 
The program can be improved and used in each European country (for example in the reports for the United Nations Convention for Climatic Changes – UNFCCC or for the Kyoto Protocol – KP or for the analysis of data obtained as a result of soil monitoring inventories). 
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