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Abstract 

A trend of forest area expansion after decades of decline is taking place in many countries 

around the globe. In Switzerland, forest cover has been expanding since at least the mid-19th 

century. However, little is known about the patterns of forest area dynamics on a long-term, 

national scale, nor regarding the precise time of forest transition (FT). In the present study, 

we reconstruct the trajectories of forest cover over the past 150 years based on historical 

maps and contemporary national forest inventory (NFI) data for the purpose of analyzing 

forest area dynamics at multi-spatial scales. At the national scale, total forest area increased 

continuously from around 20% in 1850 to 30% in 2000, while ancient forest area, decreased 

from 20% in 1850 down to 11% in 2000. FT events occurred at the regional scale in the 

Eastern, Southern and Western Alps around 1880. Since then, forest area has almost doubled 

In the Southern Alps. In contrast, the Central Plateau is the biogeographical region with the 

most stable forest cover. The results from the analysis at the local scale confirm the high 

dynamics in forest cover throughout the study period, causing a steady decline in ancient 

forest area. These variations in forest cover dynamics confirm the crucial importance of the 

choice of spatial scale. Historical maps were essential for this long-term study. 
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Introduction 

In the course of the 20th century, in various regions around the world, deforestation has 

given way to reforestation (Mather and Fairbairn 2000). This change from shrinking to 

expanding forest area as well as its underlying processes and key mechanisms were first 

described in the Forest Transition Theory by Mather (1992), who analyzed long-term patterns 

in land-use change in several countries (Mather et al. 1998, Mather et al. 1999, Mather 

2004). The point at which forest decline halts and forest area begins to expand again, is 

called forest transition (FT). FT Theory offers a conceptual framework to explain long-term 

trends in forest area. Originally, FT was considered as a one-phase process with a U-shaped 

forest cover curve (Mather 1992). However, Grainger (1995) suggested that this forest cover 

curve is actually a two-phase process, separating deforestation from reforestation. He argued 

that the decline in forest area is related to the national land-use change process, whereas 

reforestation occurs separately in response to increasing demand for wood and other 

environmental services supplied by forests. More recently, Kauppi et al. (2006) developed FT 

Theory further into the forest identity concept which relates the carbon that is sequestered 

in forests to changes in forest area, growing stock and biomass.  

Other scientists have followed Mather and documented FT on regional scale in Europe 

(Foster et al. 1998; Krausmann 2006; Kozak 2003; Marey-Perez and Rodriguez-Vicente 2009), 

Central and Latin America (Farley et al. 2007; Izquierdo et al. 2008; Perz and Skole 2003) and 

Asia (Bae et al. 2012; Meyfroidt and Lambin 2008). Few studies have been carried out at 

continental (Mather 2001) or global scales (Rudel et al. 2005; Palo and Vanhanen 2000; 

Pagnutti et al. 2013).  

FT Theory has been well received and used by various scholars around the world, but it has 

also faced criticism. One point mentioned is that the documentation of FT is often restricted 

to the national scale (Perz 2007). At such highly aggregated scales, decline occurring in one 

location might be offset by forest recovery in another location (Redo et al. 2009; Yeo and 

Huang 2013a). Local and regional studies can therefore reveal significant forest dynamics 

which would otherwise go unnoticed. In addition to the spatial scale, the choice of temporal 

scale is decisive in order to be able to detect FT events and forest area dynamics. If the study 



period is too long, back and forth changes between forest and non-forest go by unnoticed, 

while overly short periods might be redundant (Fuchs et al. 2015a).  

A further point of criticism is the lacking distinction between primary and secondary forests 

(Perz 2007). Secondary forests usually occur in fragmented landscape mosaics which vary in 

terms of human disturbance and ecological value (Yeo and Huang 2013b). As FT Theory only 

considers net change, a loss in primary forest area with ecologically valuable primary forest 

species might be offset by an increase in secondary forest area. The term “primary” forest 

implies that it has never been cleared. In studies based on historical maps this status cannot 

be proved. Alternatively, terms such as “ancient” vs. “recent” forest may be used (Hermy and 

Verheyen 2007). Ancient forest area refers to that which has existed continuously since at 

least a specified threshold date (e.g., the oldest maps available), while recent forest area 

refers to secondary forest regrowth after that specified date.  

In Switzerland, the concept of FT was applied by Mather and Fairbairn (2000), who analyzed 

the forest area changes at national scale based on secondary literature and statistical data. 

These early forest statistics (date back to 1843) lack consistency due to dissimilar categories 

as well as limited information regarding the applied survey methods (Brändli 2000; Decoppet 

1912).  

To date, it has not been possible to determine the point in time of FT in Switzerland. This 

paper presents a multi-scale approach (Supplementary material, Fig. A) based on spatial-

explicit forest area data in order to reveal the patterns of FT and forest area dynamics in 

Switzerland between 1850 and 2000. The following questions are decisive for this study: 

• Did a FT event occur at the national or regional scale after 1850 in Switzerland? Does 

changing the spatial scale influence the observed FT and forest area dynamics? 

• Did the dynamics in forest area vary over space and time? 

o How did the proportion of ancient and recent forest area change? Did the 

decline in ancient forest area continue after the FT event? 

o To what extent are forest area dynamics underestimated by accounting only 

for net forest area changes in comparison to gross changes? 



 

• Are there significant clusters of forest area change that are independent of political or 

biogeographical borders at the local scale? 

 

Data and methods 

An alternative approach to searching for a FT event and forest area dynamics based on forest 

statistics is the reconstruction of forest area trajectories based on historical maps. Their main 

advantage is the spatially explicit representation of forests allowing for a stratified and scaled 

approach. Therefore, the data sources for this empirical study are two historical map series 

(1850-1940), a contemporary topographic map (2000), as well as spatial forest information 

from the National Forest Inventory (NFI) (1980-2000). The comparison of these sources 

enables the study of the spatio-temporal dynamics of Swiss forest coverage in considerable 

detail at various scales for a period of 150 years (1850 - 2000). At the national and regional 

scale, the gain and loss of ancient and recent forest area was calculated for five periods 

between 1850 and 2000. In this study forest area is considered to be ancient if it has been 

forested at least since 1850, independently of the type of forest management. Forest area 

which developed after 1850 is defined as recent forest area. A difference in forest area 

between any two years indicates a change in net forest area. To avoid the underestimation of 

forest area dynamics, the gross change in forest area was calculated as well. 

 

Study area 

The unit of analysis is the entire country of Switzerland covering an area of 41,285 km². 

Switzerland is characterized by a high variability in environmental and cultural conditions, 

ranging from densely populated lowlands to remote areas in the high mountains. Due to its 

topography, there is also high variation in climate (Rutherford et al. 2008). Based on the 

spatial distribution of flora and fauna, Switzerland can be divided into the following six 

biogeographical sub regions (Fig. 1): Jura Mountains, Central Plateau, Northern Alps, Eastern 

Alps, Southern Alps and Western Alps (Gonseth et al. 2001).  



 

Fig. 1: Distribution of ancient (light green, plots forested since at least 1850) and recent (dark green, plots 

forested after 1850) forest areas within the six biogeographical regions of Switzerland (1 = Jura Mountains, 2 

= Central Plateau, 3 = Northern Alps, 4 = Western Alps, 5 = Eastern Alps, 6 = Southern Alps). The grey parts 

indicate the areas with data gaps for one of the periods in the time series.  

 

Data 

In order to quantify forest area dynamics in Switzerland, forest trajectories were 

reconstructed for the past 150 years based on historical (1850-1940) and contemporary 

(1980-2000) forest data (Supplementary material, Fig. B). The required maps and forest 

inventory data are available at the Swiss Federal Institute for Forest, Snow and Landscape 

Research (WSL). In addition, most of the map series can be viewed online (Swisstopo 2015a). 

 

Historical forest data 

For the time prior to the advent of aerial photography, historical topographic maps are 

known to be one of the most reliable representations of past landscapes (Leyk 2005). For 

Switzerland, the only sources that represent forest cover at the national scale in the 19th 



 

century are the Dufour Original Survey Maps and the Siegfried Maps. Both map series were 

drawn at the same scale (1:25,000 in the Jura Mountains and Central Plateau, 1:50,000 in the 

regions of the Alps) and in repeated mapping campaigns. Due to the duration of these 

mapping campaigns, maps covering all of Switzerland, are based on map sheets drawn in the 

course of several years. 

Dufour Original Survey Map 

The sheets of the Dufour Original Survey Map were drawn between 1834 and 1863 

(Supplementary material, Fig. B). These sheets are the original drawings of the Dufour Map, 

published later (between 1845 and 1865) at a scale of 1:100,000 (Swisstopo 2015b). 

Guillaume-Henri Dufour worked together with scientists, topographers and copperplate 

engravers to create a topographic map of Switzerland. Field measurements were based on 

the traditional technique of graphical triangulation on ordinance survey maps (Imhof 1927). 

For the estimation of forest area around 1850, the Dufour Original Survey Map series was 

chosen because forest area is shown in green, in contrast to the black and white coloring of 

the Dufour Map.  

Siegfried Map (“Siegfried-Atlas”) 

Hermann Siegfried proposed 1867/68 to publish the Dufour Original Survey Maps in their 

original scale (1:25,000 and 1:50,000). At that point in time, part of the map series was 

several decades old and therefore, the maps required an update. Only a few maps in the 

Central Plateau could be published after minor changes, while most of the map sheets 

required major revisions (Grosjean 1996). The Siegfried Map series, published between 1870 

and 1949 (Supplementary material, Fig. B), comprises 462 map sheets at a 1:25,000 scale for 

the Jura Mountains and Central Plateau and 142 map sheets at a 1:50,000 scale for the Swiss 

Alps (Swisstopo 2015c).  

Map accuracy 

Historical maps provide a unique data source for studies on historical forest cover change. 

While such maps provide spatially explicit forest area representations, they have specific 

weaknesses as well. One weakness is that map inaccuracies can arise from the production, 



transformation and/or application process (Leyk 2005). Production-orientated uncertainty 

has its origin in data collection and map production (Goodchild 1991). Transformation-

orientated uncertainty is caused by data processing, such as digitalization and geo-

referencing (Goodchild 1991). The amount of application-orientated uncertainty depends on 

the intended application (Beard 1989), for instance, the comparison of historical with current 

data sources.  

In the Dufour Map production guidelines, no quantification of accuracy exists, other than 

that the landscape must be measured as accurately as possible. To quantify the distortion of 

the Dufour Map, Rickenbacher (2009) analyzed a part of the map based on more than 2,500 

control points and revealed a mean deviation of 153 m in natura (1.5 mm on the map). In 

contrast to the Dufour Map, the guidelines regarding the accuracy of the Siegfried Map are 

more precise. In the mapping instructions, it is specified that the mean deviation must not 

exceed 35 m in natura (0.7mm on the map) for the 1:50,000 scale and 12.5 m (0.5 mm) for 

the 1:25,000 scale (Swisstopo 2015c). 

Leyk & Zimmermann (2004) assessed the map accuracy of the first edition of the Siegfried 

Map in a case study for the municipality of Pontresina (Canton Grisons) located in the 

eastern Swiss Alps. As a reference, they utilized maps belonging to a map series that 

preceded the official cadastral maps. This series was produced at a scale of 1:5,000 or 

1:10,000 based on detailed mapping instructions (including forest). The results show that 

accuracy decreases with increasing slope or elevation. The root mean square error (RMSE) 

resulting from geo-referencing varied between 8.0 and 15.6 m (depending on the region – 

lowlands or mountains). The quantitative pixel-based comparison of the Siegfried Map and 

reference maps resulted in global accuracy measures which confirmed the relationship 

between topography and accuracy. Both the percent correctly classified (PCC) and Cohen’s 

Kappa decrease with increasing slope (Leyk et al. 2005).  

 

Contemporary forest data 

The data provided by the Swiss National Forest Inventory (NFI) was assessed to detect more 

recent changes in forest area. The NFI collects data about trees, stands and sample plots to 



 

record the state as well as changes in forest area based on field surveys and aerial photo 

interpretation (Supplementary material, Fig. B) on a regular grid of 1.4 x 1.4 km. So far, three 

surveys were conducted at an interval of approximately 10 years, 1983-1985 (NFI 1), 1993-

1995 (NFI 2) and 2004-2006 (NFI 3). For this study, the data from the NFI 1 and NFI 3 were 

analyzed. To evaluate the agreement between terrestrial NFI data and forest information 

from maps, NFI 2 and NFI 3 data were compared to the digital topographic map from the 

Federal Office of Topography from 2000 (Tab. 1) 

 

Spatially explicit reconstruction of forest area in Switzerland 

The calculation of forest area was made for six points in time. Due to the fact that the maps 

and NFI data were drawn or collected over a span of several years (Supplementary material, 

Fig. C), the respective points in time 1850, 1880, 1910, 1940, 1980, 2000 are based on certain 

mapping campaigns defined in Tab.1. For comparison, the forest area from the 

contemporary topographic map was available.   

Both historical map series are, unfortunately, partly incomplete as shown in Fig. 1. The 

Dufour Original Survey Map covers e.g. only 40% of the biogeographical region Jura 

Mountains around 1850. Out of the missing 60%, 23% were covered with forest in the 

following mapping campaign of the Siegfried Map. The missing forest area on further data 

gaps (Siegfried Map) is less than 4%. 

 

Tab. 1: Overview of available data for the estimation of long-term changes in forest area.  

Spatial  

Scale 

Temporal Scale 

Source 
Forest  

Information Year Mapping Campaign 

Sw
it

ze
rl

an
d

 

1850 1834-1863 Dufour Original Survey Map 

forest/non-

forest, forest 

edge, copse 

1880 1870-1895 Siegfried Map 

1910 1904-1925 Siegfried Map 

1940 1930-1949 Siegfried Map 

1980 1983-1985 National Forest Inventory 1 

1990 1993-1996 National Forest Inventory 2 

2000 2004-2006 National Forest Inventory 3 



2000 1994-2000 Topographic Map 

 

Forest/non-forest decisions on the 1880, 1910, 1940 and 2000 map series were made using 

the NFI forest definition on the NFI sampling grid (Ginzler et al. 2011). Sample raster sizes are 

1.4 x 1.4 km, resulting in forest/non-forest decisions for the 20,618 sampling plots 

(Supplementary material, Fig. D). In this study, the same procedure was followed to obtain 

forest/non-forest decisions for the 1850 map series. Changes or persistence in forest cover 

were determined by comparing each sample point over time.  

On the basis of this lattice grid, the total forest area, variance and standard error were 

calculated according to the NFI approach (Brassel and Lischke 2001). In a first step, the forest 

area proportion (p) was estimated using:  𝑝𝑝 =
𝑛𝑛𝑤𝑤𝑛𝑛             (1) 

where nw is the number of forest plots on the lattice grid and n is the number of all plots on 

the grid. The variance of the forest area proportion (v(p)):  𝑣𝑣(𝑝𝑝) =  𝑠𝑠𝑝𝑝2  ≈ 𝑝𝑝𝑝𝑝𝑛𝑛            (2) 

is the square of the standard error (sp) of p, which is equal to p multiplied by the proportion 

of non-forest area (q) divided by the number of all plots (n). The standard error (sp) was 

calculated as follow:  𝑠𝑠𝑝𝑝 =  �𝑣𝑣(𝑝𝑝)           (3) 

Finally, the total forest area (�̂�𝐴𝑤𝑤)) was calculated by multiplying the total area (A) of 

Switzerland by the forest area proportion (p): �̂�𝐴𝑤𝑤 =
𝑛𝑛𝑤𝑤𝑛𝑛 𝐴𝐴 = 𝑝𝑝𝐴𝐴          

 (4) 

together with variance (𝑣𝑣��̂�𝐴𝑤𝑤�) and standard error (𝑠𝑠��̂�𝐴𝑤𝑤�) of the total forest area:  𝑣𝑣��̂�𝐴𝑤𝑤� =  𝐴𝐴2𝑠𝑠𝑝𝑝2          

 (5) 



 

𝑠𝑠��̂�𝐴𝑤𝑤� = �𝑣𝑣(�̂�𝐴𝑤𝑤)          (6) 

For national and regional scales, the amount of total, ancient and recent forest area were 

calculated. In addition, national-scale net and gross changes were calculated. Net change 

refers to area gain minus area loss, and gross change refers to the total of all area gains and 

losses. The gross/net ratio is calculated to determine the underestimation of spatial changes 

when calculating net changes. The ratio is expressed as a percentage and is calculated by 

dividing gross change by net change and multiplying by 100 (Fuchs et al. 2015a). This ratio is 

especially important when the number of gross changes is high but net change is near zero.  

At the local scale, statistically significant spatial clusters of de- and reforestation in 

Switzerland were identified independently of political or geographical borders. This analysis 

was carried out in ArcGIS 10.2 using the hot spot analysis tool. Each of the 20,618 sample 

points was analyzed within the context of neighboring sample points for each period. The 

specified threshold for the Euclidian distance was set to 2000 m. This enables the inclusion of 

all eight direct neighbors of each sample point. This hot spot tool returns a z-score and p-

value for each plot measuring the statistical significance.  

 

  



Results – Swiss forest area dynamics over the past 150 years 

National scale 

In Switzerland, forest area increased continuously from 20% in 1850 to 30% in 2000 (Fig. 2).   

 

Fig. 2: Swiss forest area dynamics at the national scale. Ancient forest area (light green) decreased while 

recent forest area (dark green) and total forest area increased. These consecutive estimates of forest area are 

based on maps (continuous lines) and NFI data (dotted lines). 

 

The most rapid reforestation took place in the decades after 1940. Simultaneous to an 

increase in recent forest area, ancient forest area (plots forested since at least 1850) 

decreased continuously from 20% in 1850 down to 11% of total surface in 2000, when only 

43% of total forest area was of ancient origin. This percentage drops further to 39% in NFI 

data (Fig. 2). 

The gross/net ratio result for the 150-year period shows that gross changes in forest area 

exceeded net changes by 282%. The highest gross changes occurred from 1850 to 1880 

followed by the period 1940 to 1980 (Fig. 3). The highest net changes took place in the 

period 1980-2000 followed by the period 1940-1980. 



 

 

Fig. 3: Net and gross changes in Swiss forest area for five periods from 1850 to 2000. Bars illustrate the gross 

change in forest area per period. The filled part of the bars represents the net changes in forest area. 

 

Regional scale 

In contrast to the national trend of increased forest area in Switzerland since 1850, strong 

variation in the intensity of forest area dynamics was observed over time and space in the six 

biogeographic regions (Fig. 4). In the Eastern, Southern and Western Alps, FT events occurred 

around 1880. 



 

 

Fig. 4: Swiss forest area dynamics at the regional scale. Ancient forest area (light green) decreased while 

recent forest area (dark green) and total forest area increased. These consecutive estimates of forest area are 

based on maps (continuous lines) and NFI data (dotted lines). For the Jura Mountains no change is presented 

for the first period due to a considerable data gap for the year 1850 (details given in section 2.3).  

 

Forest area dynamics in the Northern Alps and Jura Mountains were very similar to those at 

the national scale as both areas show a steady increase in forest area over the entire study 

period. However, the percentage of land covered by forest is much higher in the Jura 

Mountains compared to the Northern Alps. In contrast, forest area in the Eastern Alps 

decreased by 2.6% from 1850 to 1880, after which forest cover increased continuously. A 

similar dynamic was observed in the Southern Alps, where forest area decreased slightly 

from 1850 to 1880 and increased afterwards. Out of all the biogeographic regions in 

Switzerland, the Southern Alps had the highest gain in forest area, from a low of about 20% 



 

forest cover in 1880 up to 37% in 2000. In contrast to the high dynamics in the Southern Alps, 

forest area in the Western Alps changed little (decrease/increase) from 1850 to 1940 and 

increased afterwards. Over the whole study period, forest area in the Central Plateau 

remained the most constant.   

Not surprisingly, all regions show a steady decrease in ancient forest area over the whole 

study period of 150 years. In 2000, the highest amount of ancient forest area was found in 

the Central Plateau, where almost 70% of the total forest area had existed since at least 

1850. Ancient forest was found to cover the Western Alps (40%) and Eastern Alps (41%) in 

similar proportions to that of the entire country (39%). The lowest level of ancient forest area 

in 2000 was found in the Southern Alps (21%).   

 

Local scale 

During the 150-year study period, significant clusters of deforestation were found in all 

biogeographic regions. The number of clusters with forest area loss, however, was highest 

from 1850 to 1880. Over the following decades, the number declined continuously (Fig. 5). 

 

Fig. 5: Spatial distribution of plots with significant forest area loss and gain at local scale in Switzerland 

between 1850 and 2000. 

  



Between 1850 and 1880, the two major clusters of significant gains in forest area were 

identified in the eastern and western part of the Northern Alps bordering the Central 

Plateau. In the following decades, significant clusters of forest area increase appear to be 

scattered randomly across the country. In the Central Plateau, the number of reforestation 

clusters decreased continuously over time to the point that no cluster of reforestation was 

found between 1980 and 2000. In contrast, especially in the Southern Alps, clusters of 

reforestation increased over time, peaking between 1940 and 2000. 

 

Reliability of changes over time 

The number of changes for each sample point from 1850 to 2000 was used as an indicator of 

the reliability of the results. Theoretically, sample points could change their status five times 

over the six points in time. From an economic and ecological point of view, frequent changes 

from forest to non-forest or vice versa are rather unlikely. Therefore, we consider up to two 

changes over the whole period of 150 years as quite possible, three changes as still possible 

but less likely, and four changes as artifacts caused by, for example, mapping errors (details 

given in section 4.2.). Our analysis revealed that about 80,6% of the 20,618 sample points did 

not change at all (Tab. 2). About 18.4% changed once or twice, and 1% of the points changed 

three to four times.  

Tab. 2: Number of changes per sample point (1850-2000). 

Possible number of changes 0 1 2 3 4 

Identified number of changes (%) 80.6 14 4.4 0.9 0.1 

 

 

Comparability of forest area estimation derived from different data sources 

As already explained in section 2.3, forest area estimations are based on maps for the years 

1850 to 1940. This time frame was extended with data from NFI for the years 1980 and 2000. 

The forest area estimates from these two data sources, i.e. NFI and map, were compared for 

the same point in time. This comparison revealed that the estimates based on the 

topographic map result in a lower forest area than when based on NFI data (Tab. 3). Given 

that the topographic map sheets were published from 1994 to 2000 (section 2.3, 



 

Supplementary material, Fig. C), total forest area should range between NFI 2 (1993-1996) 

and NFI 3 (2004-2006) values. The difference between map and NFI estimation was found to 

be highest for the Northern Alps.  

Tab. 3: Estimation of forest area (1000 ha) and standard error (sp) for the six biogeographical regions and in 

total for Switzerland based on different data sources. 

Biogeographical 

region 

Topographic 

map 

(1994-2000) 

NFI 2 

 

(1993-1996) 

NFI 3 

 

(2004-2006) 

Area sp Area sp Area sp 

Central Plateau 259 6 261 6 262 6 

Eastern Alps 109 4 117 4 125 4 

Jura Mountains 186 5 195 5 196 5 

Northern Alps 319 7 349 7 363 7 

Southern Alps 138 4 151 4 171 4 

Western Alps 87 4 100 4 108 4 

Switzerland 1097 13 1173 13 1225 13 

 

Discussion 

Forest area dynamics and driving forces 

National scale 

At the national scale, no FT event was detected, i.e. no point of inflection in forest area 

occurred during the 150-year period under analysis. This finding is in line with the study of 

Mather and Fairbairn (2000)  who estimated the forest cover in Switzerland based on 

statistical surveys. They proposed that the FT event occurred in the first half of the 19th 

century. We agree to that statement: FT events occurred around 1880 in parts of Switzerland 

on regional level, i.e. on national level it probably occurred few decades before. Regarding 

the amount of forest cover in 1850, the studies differ slightly due to different data sources. 

While Mather and Fairbairn (2000) estimated a forest cover of around 15%, the present 

study, based on spatial forest data, revealed 5% more forest coverage in 1850 (20%). Both 

studies, however, confirm a continuous increase in forest cover at national scale since at 

least 1850. 

Prior to this gain, the loss in forest cover continued over centuries due to a growing demand 

for wood as well as the demand for agricultural land (Schuler 1988, Stuber & Bürgi 2001). In 



the 19th century, deforestation had reached far up the alpine region (Richard 1999). Several 

heavy floods and landslides in the 19th century caused harm to people and damaged 

infrastructure. Despite extreme weather events were decisive for these events, they still 

contributed to a growing environmental awareness (Stöckli 2002), and as a consequence, the 

Forest Police Law, came into effect in 1876. Initially, these federal regulations only referred 

to the “high mountains”, but were later expanded to the whole country (Bertogliati 2014).  

 

Regional and local scale 

At the regional scale, FT events were detected for the Eastern, Western and Southern Alps. 

The change from decreasing to increasing forest area occurred during the mapping campaign 

of the Siegfried 1880 map. The highest gain in forest area overall occurred in the Southern 

Alps, were it has more than doubled according to our results. This is in line with Pezzatti et al. 

(2013) findings that forest area in the Canton of Ticino, which encompasses the lager part of 

the Southern Alps region, more than doubled from 1900 to 2000. What might have caused 

this pronounced development? In the 19th century, Ticino was a poor canton where people 

earned their money through traditional agricultural activities and wood exportation. The 

golden era of wood export was from 1830 to 1860 (Ceschi 2003), which is in line with the 

decrease in forest area which we found for the Southern Alps from 1850 to 1880. After 1880, 

the time of the FT event, the prices for wood decreased drastically and sales stagnated, as 

the new railway imported wood more cheaply (Ceschi 2003). Many young people were 

constrained to emigrate from Ticino also because agriculture did not supply staples for the 

whole population (Cheda 1993). As a result, the reduction of labor caused farm 

abandonment and forest re-growth began. During the last post-war period, the Canton of 

Ticino experienced a drastic socio-economic change towards a more service-orientated 

economy. While this ensured prosperity and stimulated a strong increase in the population, 

at the same time it caused the almost total abandonment of agriculture and a corresponding 

increase of natural re-forestation (Conedera 2009), which is in line with the strong increase in 

forest area found in our results after 1940 (Fig. 4). 



 

Parallel to natural regrowth on former alpine pastures due to agricultural abandonment 

(Gellrich et al. 2007), many afforestation projects began between 1880 and 1920 mainly in 

Jura Mountains and Northern Alps (Brändli 2010, Schuler 1988). Considering the possible 

time lag from reforestation to the creation of a new Siegfried map series, these afforestation 

projects could be an explanation for the visible higher reforestation rate after 1940, 

especially in the Northern Alps. Empirical evidence for the long-term trend of increasing 

forest area in the Northern Alps was documented by Hahn (2011) for the case study region 

Entlebuch. A further case study in the Northern Alps, conducted by Gerber (1989) for the 

catchment area of the river Emme, presents the forest area increase between 1860 and 

1980. In contrast, forest area in the Central Plateau is the most stable in comparison to the 

other five biogeographical regions. The results from Hersperger and Bürgi (2007) who studied 

changes in the Limmat Valley between 1930 to 2000, confirm the trend of stable forest area.  

 

Ancient forest area 

In addition to the overall trend of forest area expansion at the national scale, a decrease in 

ecologically valuable ancient forest area occurred during all periods. Undoubtedly, not all 

Swiss ancient forest areas, which have been continuously forested since at least 1850, are 

necessarily covered with ecologically valuable forests due to intensive forest management, 

especially in the Swiss lowlands (Bürgi 1999). While the purpose of the present study was not 

to identify ancient forests, the spatially explicit map which identifies continuously forested 

areas since at least 1850 (section 2.1, Fig. 1) can serve as the basis for the identification of 

ancient forests with high conservation value (Bütler et al. 2015). Continuity is a determining 

factor impacting, especially for ancient forest species with a low colonization capacity which 

limits their distribution and abundance (Hermy and Verheyen 2007; Norden et al. 2014), their 

adaptability to global changes (von Oheimb et al. 2014) as well as the storage of C and 

nutrient in soils (Leuschner et al. 2014). 

Net vs. gross changes 

Further indicators of forest area dynamics, in addition to developments in ancient forest 

area, are the net and gross changes. To avoid an underestimation of land-cover dynamics 



which may occur when considering only net changes (Wilkenskjeld et al. 2014), gross changes 

in forest area were also evaluated. On average, the gross change in forest area for the 150-

year period under analysis is about 282% higher than the net change. These fluctuations in 

forest cover affect, for example, timber growth as well as net carbon flux and storage (Vilén 

et al. 2012).  

We found that gross changes between 1850 and 1880 and from 1940 to 1980 are much 

higher than during the other periods (section 3.1). However, this higher gross change might 

be due to the different data sources used. Forest cover around 1850 was sampled from the 

Dufour Original Survey Map while the Siegfried Map was the source for forest cover 

estimations from 1880 to 1940. For 1980 and 2000, forest information was derived from 

terrestrial survey and aerial images within NFI surveys. An evaluation of the quality and 

accuracy of the data is crucial for reliable gross change analysis (Fuchs et al. 2015a).  

 

Data quality 

Over the years, measurement methods have become more accurate. A comparison with 

independent estimates of Swiss forest area from various sources (Fig. 6) revealed that the 

amount of forest area from the Dufour Original Survey Map slightly exceeds the estimation 

from the historical statistics. The forest area estimation based on the first edition of the 

Siegfried Map exceeds other independent estimations as well. Around 1920, however, the 

forest area equals other sources and in the last Siegfried Edition the estimation is slightly 

lower. Nevertheless, the general trend of increasing forest area since at least 1840 is 

represented in all sources.  

 



 

 

Fig. 6: A comparison of changes in Swiss forest area since 1840 based on different data sources, e.g. statistics, 

maps and National Forest Inventory (NFI). Source: Based on Ginzler et al. 2011 and Brändli 2000 

 

A comparison of NFI data with the topographic map shows that current maps show less 

forest cover (Tab. 3), especially in mountainous regions with open forests, where the 

definition of forest is of crucial importance (Ginzler et al. 2011). One reason for this 

difference in forest area might be that the definition of forest is precise for the NFI terrestrial 

field survey but vague for the map production. Many areas which are mapped in the 

Topographic Map as rock or scree actually fulfill the terrestrial NFI-forest definition.  

The reliability of the results of forest area loss and gain was assessed using the number of 

changes per plot (section 3.4). Only 1% of the sample plots have a rather unlikely number of 

changes (three to four times) from forest to non-forest area or vice versa. This confirms the 

high quality of the data base.   

Even though historical maps showed some inaccuracy, they are the most reliable sources 

representing past landscapes in a spatially explicit way for the time prior to aerial 

photography (Leyk 2005). Moreover, the Dufour Original Survey Map and Siegfried Map are 
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suitable for comparison as they were drawn at the same scale and based on the same 

technique of graphical triangulation. Fuchs et al. (2015b) showed that the accuracy of land 

allocation in historical reconstructions can be improved significantly by using historical maps. 

 

Conclusion 

Historical maps together with contemporary spatial forest information from National Forest 

Inventory (NFI) are particularly useful for the long-term analysis of forest area dynamics and 

Forest Transition (FT). The choice of spatial scale was found to be of crucial importance in 

such analysis. While at the national scale, forest area in Switzerland appeared to increase 

continuously, at the regional scale a decrease in forest area and subsequent FT events were 

found in several biogeographical regions for the earliest period under study. At the local 

scale, significant patches of decrease and increase in forest area draw a very dynamic picture 

of forest area changes in Switzerland. The overall constant loss of ancient forest area in 

Switzerland is in line with the findings of Fuchs et al. (2015a) who pointed out that despite a 

net trend of increasing forest area, the loss of (ancient) forest area is still a significant process 

in Europe. The spatially explicit results of this study can serve as the basis for further analysis 

regarding the underlying processes driving these changes in forest area, which could be 

cultural, economic, political, technological or natural in origin.  
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Supplementary material 

 

Fig. A:  The three spatial scales (national, regional, local) for the analysis of forest transition (FT) and forest 

area dynamics in Switzerland. 

 

 

Fig. B: Samples of historical and contemporary maps as well as one aerial photo on which the analysis of 

forest area dynamics is based. The forest area is represented in green color in the Dufour Original Survey 

Map, Aerial Photo and Topographic Map. In the Siegfried Map it is represented with small black circle-like 

symbols and thin black lines indicate forest boundaries.  

Source: Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), swisstopo (C) 2015 

(5704000000) 
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Fig. C: Number of sample points per mapping campaign for map series (grey) and National Forest Inventory 

(NFI) (black). Map series sample points include forest and non-forest points while NFI survey sample points 

contain only forest points (about 1/3 of the total points).  

 

Fig. D: Examples from the Dufour Original Survey Map (1845), Siegfried Map (1884) and Aerial Photo used for 

NFI (2002) (left to right) to compare the change in forest area over time. The squares in green (forest) and red 

(non-forest) are part of the sample raster (1.4 x 1.4 km) with a total of 20,618 plots across Switzerland. 

 


