



Supplementary material
Forest data 
This material covers data and GIS operations to arrive at the point layer and its further processing into stands. The original data forms the basis for creating a point layer with each point covering 12.5x12.5 m that is consistent with the original pixel data. Specific numbers refer to 10 areas representing Kronoberg County (Figure 1). They have a total area of 89,156 ha and a forest area of 59,593 ha representing 10.5% and 9.1% of the total and forest area of Kronoberg respectively, i.e. the forest is marginally less extensive in the 10 areas compared to Kronoberg as a whole. 
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Figure 1. The location of the 10 areas representing Kronoberg County.














Basic data
Table 1. Original GIS information. All original data is from Swedish Forest Agency (2018) if nothing else is stated.
	Data with pixel origin

	Basal area (m2 ha-1)

	Volume of pine trees (m3 ha-1)

	Volume of spruce trees (m3 ha-1)

	Volume of deciduous trees (m3 ha-1)

	Average height, basal area weighted (dm)

	Average diameter, basal area weighted (cm)

	Soil moisture (topographic wetness index - TWI)(1)

	Data with vector or polygon origin

	Year of notification of final harvest (year)

	Cadastral unit number (no.)(2)

	Stand type, code used in ‘Marktäckedata’ (3)

	Nature protection status (various layers on protection and agreements)

	Streams and lakes (2)


(1) Curtesy of William Lidberg, Department of Forest Ecology and Management, SLU, providing the TWI data.
(2) Lantmäteriet 2018.
(3) Metria 2018.

Comments on the processing of the original data:
· Owner ID was assigned to each point by linking cadastral number with owner ID(*) gives a common number for all cadastral units owned by the same owner.
· Year of notification of final harvest is used to identify points that are barren (height 0 and few years since notification) and points that have zero height but more time from notification and is assigned height, basal area and species based on a regression on NFI plots.
· Volume is not used as is, instead it is used to derive the relative share of each species/species group (volumes are all computed in the Heuerka system). 
· Soil moisture TWI data is converted to classes dry, mesic, mesicmoist, moist, and wet by setting breakpoints such that the distribution of area on classes coincide as close as possible with NFI data for Kronoberg.

(*) Curtesy of David Alger, department of Forest Resource Management, SLU, providing the data register.

Stand delimitation
Stands are delimited within sections. A section is defined as a contiguous area that has the same owner, is either formally protected or not, and that does not cut across lakes, major roads, and streams (>6 m wide; smaller streams have no width registered and most of them can be passed by harvesting machinery). 
The stand formation algorithm is done in two steps. In the first step a range of potential stand delimitation alternatives are created and in the second step the sum of within stand standard deviation is minimized. The first step uses a region growing method (see e.g. Grilli et al. 2017) to create alternative stands and the second step uses linear programming to combine the stand alternatives to a map of stands mapping the forest. The criteria used to guide the growth of each stand alternative and the measure of standard deviation in linear programming objective function is the first principal component of variables (factor loadings in parenthesis) height (-0.53), basal area (-0.56), and the relative volume shares of pine (-0.35), spruce (-0.14) and deciduous species (0.50) accounting for 47% of the variation. Thus, at one end you would find old or well stocked pine and spruce forests with large negative principal component values and at the other end you find barren land or young stands with predominantly deciduous forests with large positive values.
The algorithm was set for a minimum size of ½ ha and a maximum of 4 ha. However, due to “cleaning up” of pockets of unallocated points 23% of the area consists of stands larger than 4 ha, though none above 6.5 ha. The total number of stands is 50,721 with an average of 1.2 ha and median of 0.6 ha. Aggregation of point data to stand data is performed with the median function. 
Data for projecting stand development
The data of the stands are not used directly. Instead each stand is linked to an NFI plot and the projected development of this plot is used as data for the stand, i.e. an imputation method is applied. There are two reasons for that. Firstly, and the most important, the remote sensing data behind the stand data does not contain information on age and site index. Functions describing any of these variables are not available and tests of functions develop by the authors based on NFI data was discouraging. Secondly, making projections with the current growth simulator for each stand (for the 10 areas more than 50,000), would be computationally very demanding. A stand is linked to an NFI plot through the shortest Euclidean distance in a normalized space defined by the same variables used to define stands with the addition that the relative share of deciduous forest was differentiated on the sum of oak and beech and other deciduous species, respectively. The NFI plots are from Kronoberg and neighboring counties (Halland, Jönköping, Kalmar, Blekinge, Kristianstad) from the years 2008 to 2013 and count to 6,318 in total. When the stand is projected it will be turned into barren land once final harvest is simulated. Thus, each stand is, besides being linked to an NFI plot, linked to a barren land stand based on moisture (5 classes) and site index (6 classes). This also applies to stands that are barren already from the start of the simulation. 
Comparison of sampled area with NFI data for Kronoberg County
To verify that the procedures reflect conditions in Kronoberg County, a number of stand variables from the 10 areas were compared with the 1,334 NFI data plots for Kronoberg County inventoried 2008-2013, i.e. during the period when remote sensing data was acquired. The most conspicuous indication of a deviation is probably that that there is too much pine and too little of deciduous species (Figure 2). The deviation of the 10 area data from the NFI data for the site index class 30 m appears more to be a sampling error of the NFI data than a real misclassification of the 10 area data. Other distributions appear to follow similar trends for the two datasets. The average volume per ha is 144 m3 in both materials whereas the average age is 51 and 44 years in the 10 areas and NFI respectively.
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Figure 2. The initial state for forest variables for the 10 areas and for the NFI data of Kronoberg County. (a) Species distribution in terms of average stocking ha-1. (b) Age class distribution based on area (age class designated with upper closed bound). (c) Site index in 2 m classes (designated with lower closed bound). (d) The average stocking in different age classes (age class designated with upper closed bound).         
Example of results
Several typical features can be observed in the cut-out area of 130 ha area in Figure 3. One feature is that there are several small properties cutting through the landscape. There are also signs that previous harvests in many cases follow the property boundaries. There are spots of darker grey in many of the white and light grey stands. This is most likely the retention trees that are left at the harvesting sites. Another feature is the heterogeneity of stand conditions, resulting in stand delimitations with an average size of 1.2 ha and a median of 0.6 ha. The heterogeneity, in addition to small properties, resulted in small final felling sites, often not more than 1 to 2 ha, which are in line with recent official statistics (average 2,1 ha in Kronoberg) (Swedish Forest Agency, 2018). 
All GIS operations were done with FME (2018) and GIS based illustrations were produced with QGIS (2018).
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Figure 3. A 130 ha extract showing the resulting stand borders in white. Property borders are in thick white. Square point theme color is distributed on 10 classes with equal number of points in each class based on the principal component (PC) values (light corresponds to large positive PC values and dark corresponds to large negative values meaning that barren land is white and the most highly stocked stands are black).
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C02	0	15	30	45	60	75	90	105	120	999	4.5321559544642946E-2	0.19710044215315309	0.12398628511576737	0.17589839939127414	0.10121869738283391	9.1201276818935598E-2	0.11564598806242143	6.276862665900193E-2	5.3757003143546457E-2	3.3101721728423135E-2	NFI	0	15	30	45	60	75	90	105	120	999	4.6961776496972155E-2	0.13315997138576996	0.18858706760900704	0.19768930852023364	0.10638212960813234	9.5753718656245004E-2	0.10495941365554703	5.3806184477471812E-2	5.6963042323230254E-2	1.5737387267390761E-2	Age class




NFI	12	14	16	18	20	22	24	26	28	30	32	6.6029894156596758E-4	1.9819507378486558E-2	2.6515748324635213E-2	2.1906905441421938E-2	1.9696837745666711E-2	5.5617304166621737E-2	0.10461727727153917	0.12647921284002692	0.14328750638732521	0.32629505449172908	0.15510434701098155	Sample	6.8166271636231699E-4	1.4579154107455168E-2	1.8118658608628865E-2	8.0842229800375129E-2	2.9422810310917178E-2	9.6586200252469639E-2	9.2875484975724384E-2	0.1213675023395714	0.16838712293543259	0.17237479681972009	0.20476437713334325	Site index class (m)




NFI	15	30	45	60	75	90	105	120	999	10.302671891177598	67.862410949291927	156.01182812319766	184.57056412144453	204.45057118092001	239.72023788907538	333.34609942014288	217.60085312459793	286.23009637329352	Sample	14.554377189266962	68.078595003163642	179.0423738901018	188.72652528992356	183.0351569538002	243.53065793966729	294.14965756605892	254.33430622386999	260.83470379592785	Age class


m3 ha-1



Sample	Pine	Spruce	Birch	Oak	Beech	Other Dec	57.792999657358237	64.408046941922223	16.485754325852319	2.6238924104848378	1.4138713380161043	2.0359748158300497	NFI	45.121337813739117	70.639630365271358	18.170651397407926	3.713279883586714	1.90501460342271	4.6500517099841829	
m3 ha-1
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