Appendix B – Information on UK National Ecosystem Assessment Scenarios and Methods for Calculating Ecosystem Goods and Services Indicators


Information about the six UK National Ecosystem Assessment Scenarios
‘Go with the Flow’ is not strictly a business as usual scenario, since the UK National Ecosystem Assessment attempted to extrapolate current policy direction into the future. However in Wales, current policy in favour of low impact silviculture systems has influenced management for the last 10 years, and our ‘business as usual’ trajectory identifies and maintains low impact silviculture systems management units. The slow rate of change in forest planning and management, compared to agriculture, makes ‘Go with the Flow’ and business as usual very similar scenarios. Differences occur mainly in the rate of change from exotic conifer to native species as defined in the UK National Ecosystem Assessment scenario ‘Go with the Flow’. 
The ‘National security’ similarity to our business as usual is because high yielding conifers remain a priority through sustainable forest management. 
‘Green & pleasant land’ and ‘Nature@work’ have close similarities to our tree species diversity trajectory and whilst each retains an emphasis on sustainable forest management, the former has a strong biodiversity and recreation focus and the latter a strong ecosystem goods and services focus. The difference again reflects changes in species composition, with native broadleaved species promoted in the former scenario and a mix of higher yielding conifers with some broadleaves in the latter.  
‘World markets’ is an extreme scenario that takes forest policy objectives back to economics. The scenario assumes the UK’s timber needs will be satisfied by imports, and that UK forests will be transformed largely to short rotation forestry for biomass and fuel, with a reduced timber production requirement, and hence the similarity to short rotation forestry.  
‘Local stewardship’ defines a scenario in which devolution continues and local objectives predominate. We think that this would change existing forest as a result of less intensive management systems, with smaller interventions and increased transformation to low impact silviculture systems.  

Indicators
A series of 9 indicators were evaluated for each management unit of the study forests. On the public forest estate in Britain, the smallest spatial management unit is known as the sub-compartment, and this may have several constituent non-spatial components to represent a mix of tree species, age classes and/or open space. We assumed that the management units were comprised of a single tree species or an open space depending upon the area of the dominant component. 
The indicators are initially calculated per hectare then weighted according to area:
Indicator Score = Management Unit Area  Indicator Value (hectare-1)

Allocating FMA type to Management Units
A management unit was assigned a single Forest Management Alternative (FMA) (Duncker et al. 2012). FMA definitions are: FMAs include: FMA1 – ‘natural reserve’, FMA 2 – ‘close to nature’, FMA3 – ‘mixed objective’, FMA 4 – ‘intensive even aged’, FMA 5 – ‘intensive short rotation’. 

We used the FMA classifications to define and transform our adaptation management trajectories through time in the simulation, according to the following initialisation assumptions:
•	Initially stands were in only two categories, FMA 3 or FMA 4. Sub-compartments aged > 50 years where assumed to be FMA 3 management types under long term retention for aesthetic or conservation purposes (100 year rotation). Sub-compartments less than 50 years in age where assumed to be available for FMA 4 management and would be felled at age 50.
•	Broadleaved species were assumed to be FMA 3 sub-compartments with 100 year rotations, except birch which followed the conifer rules due to its shorter life.
•	The FMA 3 and FMA 4 stands also had the option to be managed as thinned or un-thinned sub-compartments according to the wind throw risk of the site. Sites with a DAMS score greater than 16 were assumed to remain un-thinned to avoid endemic wind disturbance, while those on more sheltered sites (DAMS score <= 16) were thinned every 5 years from age 20 until felling. 
•	For conversion to FMA2 a sub-compartment must have a DAMS score <= 14 and be less than 50 years in age to minimise the risk of wind damage. The transformation step was assumed to yield two component stands within the one sub-compartment, both under FMA2 type management, and each occupying 50% of the stand area. This assumption leads to the regeneration of a younger component aged 50 years younger than the over storey, and both components have a 100 year rotation. This simulates a shelterwood management system, classified as a low impact silviculture system.
•	FMA5 management can be applied to any species, though the overarching scenario includes some constraints to preserve areas for biodiversity and conservation.

Biodiversity Indicator
Based upon work assessing the biodiversity of forests (Humphrey et al. 2006; Humphrey et al. 2004) the two main factors identified were age and management accommodated in the following table which expresses the biodiversity index as a score, where higher values reflect greater biodiversity score. 

	Phase 
(Age)
	FMA 1
	FMA 2
	FMA 3
	FMA 4
	FMA 5

	Establishment (0-4 years)
	5.2
	5.1
	3.7
	3.1
	1.8

	Young 
(5-15 years)
	5
	4.1
	2.9
	1.6
	1.2

	Medium
(16-50 years)
	6
	4.5
	3.8
	2.1
	1.1

	Mature
(>51 years)
	7.5
	5.8
	5.4
	2.1*
	1.1*


* sub-compartments under this management by definition, are felled before this stage. In the event of a stand being in this category (e.g. due to delayed felling) the last value assigned is used as the biodiversity indicator.

Open space sub-compartments within the forest area were assigned a value of 2.
The biodiversity score was weighted according to the size of the management unit, and this was calculated by multiplying the above scores by the management unit area (hectare).

FMA2 stands have two components, each was assumed to occupy 50% of the area, as the younger component regenerates 50 years after the high forest is thinned. For a 1 ha FMA2 stand comprising components aged age 5 and age 55, the weighted biodiversity index would be:



 Operations Indicator
Operations were defined as felling and establishment operations, where the former includes clearfelling, thinning and respacing. This indicator gives a simple measure of the number of interventions and the associated employment required to support a particular FMA.

For FMA3 and FMA4 sub-compartments, we assumed that the number of operations was dependent upon whether of not thinning was scheduled to occur. The suitability of a stand for thinning was determined by the DAMS score of a site. Sub-compartments with a DAMS score greater than 16 were assumed to have no thinning taking place. 

The operations indicator was weighted by area so for a 2 ha FMA4 thinned sub-compartment with a 50 year rotation the following operations would take place:

	Age
	Operation
	Total

	0
	Establishment
	1

	20, 25, 30, 35, 40, 45
	Thinning
	6

	50 
	Clearfell
	1

	
	
	8



The weighted operations score for this stand would then be 2 (area) x 8 (number of operations) = 16.





Recreation Indicator
The recreation indicator was developed (Edwards et al. 2011; Edwards et al. 2012) as a method for quantifying the aesthetic qualities of different FMAs, species and age classes. The index score is for 1 hectare so it is modified according to the size of the sub-compartment area. 


	Phase 
(Age)
	FMA1
	FMA2
	FMA3
	FMA4
	FMA5

	
	Bl
	Cf
	Bl
	Cf
	Bl
	Cf
	Bl
	Cf
	Bl
	Cf

	Establishment (0-4 years)
	4
	3
	3.5
	3
	3.5
	3
	2.5
	1
	2
	1

	Young 
(5-15 years)
	6
	3.5
	6
	3
	5
	3
	3.5
	2
	2.5
	1.5

	Medium
(16-50 years)
	8.5
	5
	8
	5
	7.5
	6
	5
	3
	3.5
	2.5

	Mature
(>51 years)
	10
	6.5
	10
	7
	8
	6.5
	6
	4.5
	3.5*
	2.5*



Bl = broadleaf , Cf = conifer

* Normally felled by this age.

In FMA 2 management the values for each canopy component were weighted accordingly, and aggregated.

Wind Hazard Indicator
This indicator is based upon ForestGALES (Gardiner and Quine 2000) output, reported as the sum of accumulated Wind Damage Risk Status (WDRS) scores over a decadal period, according to the highest risk type (i.e. stem breakage or overturn). WDRS was accumulated over the time period to take account of peaks in risk associated with intervention events, for example thinning or conversion to LISS type management (FMA2). 

WDRS scores range from 1 where the risk of a damaging event is 1 in 200 years through to 6 where the risk of a damaging event is 1 in 10 years or less. The indicator was calculated both as a per hectare value and also as weighted score according to management unit size. 

Ecological Suitability

To assess the relative risks to tree growth associated with changes to site conditions (i.e. temperature and moisture deficit) the suitability score for each management unit was calculated every decade. This method used the Ecological Site Classification (Ray 2001; Broadmeadow et al. 2005) which returns a score between 0 and 1. The value 1 indicates no constraints upon growth while a 0 value represents no growth potential.  

Six site factors were considered for each species, four climatic factors namely accumulated temperature (AT), continentality (CT), DAMS (exposure score), moisture deficit(MD) and two edaphic (soil factors) representing soil moisture regime (SMR) and soil nutrient regime (SNR).

The response factor for a given species/site variable (e.g. AT, CT, DAMS, MD, SMR, SNR) combination is derived from the formula:



where a, b, c and d are species coefficients. Response Factors cannot be less than 0 or greater than 1.

The suitability index is defined as:



Where, next most limiting (smallest) factor is from the variables CT, DAMS, MD, SMR or SNR 

Results were presented per hectare and as area weighted values.


Felled Sawlog Volume (logs greater than or equal to 17cm top diameter class)

To measure the quantity of sawlog material produced the following equations were applied to the sub-compartment.  Firstly the yield class was determined by Ecological Site Classification according to the equation:

YC = maximum Yield Class for species * accumulated temperature response for species * next most limiting factor response for species.

The volume of a sub-compartment was given by the equation :



Where, g1 and g3 are species specific coefficients that vary according to whether the sub-compartment was thinned or not.

The top height was derived for a given yield class and sub-compartment age with the equation:



Where, coefficients a1 to a5 vary according to species.

The diameter at breast height (dbh at 1.3m) is calculated with the following equation:



Where, coefficients b1, b2 and b4 vary with species and management.

With those variables calculated it is possible to use the following equations to determine the sawlog volume at a given diameter class (where diameter is set to 17cm for our definition of sawlog material) :





The unit of the indicator is m3. The per hectare score was weighted for the related area and summed over a decade to give an aggregate output for a given reporting period (e.g. 2061-2070).

Felled Other Volume (material less than 17cm top diameter class)

The material extracted from thinning and clearfelling operations of top diameter class less than 17cm was recorded by this indicator. Results were recorded annually, weighted for the area of the operations and reported as totals per decade, using:

Other Volume TDC <17cm  = Volume  - Sawlog Volume to TDC  17cm

Note that when a stand was managed according to FMA 5, the branches and tops that would normally be retained on site as brash were also harvested. In this situation the volume was calculated as:

Other Volume TDC <17cm = Crown Volume + Volume - Sawlog Volume to TDC 17cm

Biomass Stored

To assess the general productivity of a stand at a given point in time the standing biomass was recorded at the end of every decadal reporting period. This was calculated by applying biomass expansion factors to the stem volume to account for crown and root biomass components, and was reported as oven dry tonnes. The calculations are outlined in the reference to the Woodland Carbon Code.

Carbon Stored

The carbon stored within trees in a management unit was calculated at the end of each decadal reporting period using the biomass volume and converting the result to tonnes of carbon stored. Note that this indicator did not factor in carbon fluxes associated with soil carbon and the disturbance associated with forest operations. 
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