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Supplementary material 4 

A. Overview of post-fire restoration approaches 5 

Post-disturbance management requires decisions and strategies to be based on a clear 6 

understanding of disturbance severity (i.e. the magnitude of the disturbance impact on the 7 

ecosystem) and its spatial pattern within the affected area, coupled with a sound knowledge 8 

of species ecology and regeneration strategies (Morresi et al., 2022). While biophysical and 9 

ecological assessments provide the foundation for post-disturbance management, 10 

intervention priorities should also incorporate socio-economic considerations, such as the 11 

main functions and ecosystem services, previously provided by the forest, public safety, land 12 

ownership, and funding availability. Despite this approach being widely advocated, land 13 

managers and policy-makers quite often still rely on past habits, promoting similar responses 14 

across different situations without a tailored management plan, with a preference for salvage 15 

logging (Müller et al., 2019). This practice involves the removal of damaged or dead trees 16 

following a large, high-severity disturbance and is often justified on economic grounds (e.g. 17 

timber recovery), although research suggests it may negatively affect biodiversity and hinder 18 

natural regeneration processes (Donato et al., 2006; Leverkuset al., 2018a; Lindenmayer et 19 

al., 2008b). When mountain forests with a direct protective function are involved, the need 20 

for post-disturbance restoration should be carefully assessed to mitigate the impairment of 21 

the stand protective role, limit degradation phenomena, and foster ecosystem recovery 22 

(Lingua et al., 2020; Moos et al., 2023). Among the available techniques, salvage logging is 23 

one of the most controversial as it can reduce ecological heterogeneity, limit habitat 24 

availability, and alter ecological cycles (Stein et al., 2014). Therefore, several studies 25 



 

 

suggest that its implementation should be carefully considered in order to reduce its negative 26 

impacts on ecosystems (Leverkus et al., 2020; Marzano et al., 2013). 27 

Indeed, removing deadwood elements from protective forests after a high-severity or stand-28 

replacing event can further reduce the residual protection still offered after the disturbance 29 

(Lingua et al., 2020). Lying deadwood has been shown to increase the surface roughness 30 

of the forest floor (Fuhr et al., 2015), exerting a protective function that could be even higher 31 

than in the pre-disturbance stand (e.g. Costa et al., 2021) and that could last for a very long 32 

time (Wohlgemuth et al., 2017). 33 

If deadwood is salvaged in protective forests, regardless of the rationale (e.g. partial 34 

economic recovery; phytosanitary felling, public safety), the need to install artificial 35 

infrastructure and rockfall nets should be considered to minimise the risk for stakeholders 36 

and guarantee the protection previously offered by the forest (Costa et al., 2021), with further 37 

costs to be considered, beside those of salvage logging. 38 

Thus, an alternative approach to salvage logging is to take advantage of deadwood, with 39 

potential beneficial effects also from the ecological point of view: leaving standing and lying 40 

deadwood on-site can result in a double positive effect in the management of protection 41 

forests, providing both eco-engineering structures and enhanced microsites for regeneration 42 

(Lingua et al., 2020). This practice has been shown to improve vegetation recovery and 43 

young seedling survival (Lingua et al., 2023), with preferential recruitment often occurring 44 

near deadwood elements, particularly under harsh post-disturbance conditions and in 45 

climatically stressed sites (e.g. Beghin et al., 2010; Castro et al., 2011; Marzano et al., 2013; 46 

Swanson et al., 2023; Taccaliti et al., 2025). These effects are explained for instance by the 47 

creation of safe sites with enhanced microsite conditions facilitating regeneration 48 

establishment and survival due to the presence of a shield object (i.e. the deadwood 49 

element) in close proximity (Callaway, 2007; Castro et al., 2011).  50 



 

 

Intermediate techniques, such as partial salvage logging, with strategic felling of dead trees 51 

without their removal, may represent a compromise between ecological and economic 52 

needs (Marzano et al., 2018). Despite scientific evidence, public opinion often demands 53 

immediate action to remove standing and lying deadwood to restore order and 'cleanliness' 54 

in disturbed areas. 55 

B. Full model explication 56 

In the MXL model, the parameters α and βj can be random and individual-specific (i.e. αn 57 

and βnj ). Therefore, the utility function can be rewritten as: 58 

                           𝑈𝑛𝑗𝑡 = −𝜆𝑛
∗ 𝑝𝑛𝑗𝑡 + 𝑤𝑛

′ 𝑥𝑛𝑗𝑡 + 𝜂𝑛𝑗𝑡                  (1) 59 

where 𝜆𝑛
∗ =

𝛼𝑛

𝜇𝑛
 is the preference-space coefficient for the cost attribute (𝛼𝑛 is the marginal 60 

utility of income and 𝜇𝑛 is the logit scale parameter); 𝑤𝑛 is the vector of the ratios 
𝛽𝑛𝑗

𝜇𝑛
; and 61 

𝜂𝑛𝑗𝑡 =
𝜀𝑛𝑗𝑡

𝜇𝑛
 is the i.i.d. error term.  62 

To account for respondents’ individual characteristics, we interacted the ASC with the 63 

individual-specific variables to ensure parameters’ identifiability. Within the RUM framework, 64 

the absolute utility level is irrelevant, as choice probabilities depend only on utility 65 

differences. Consequently, only parameters reflecting differences among alternatives can 66 

be estimated. For this reason, the individual characteristics - invariant with respect to 67 

alternatives - must be incorporated in the model through interactions with the ASC. In 68 

addition, to capture potential changes in respondents’ preferences after the intervention, we 69 

include an interaction between the ASC and the attributes with a post-treatment indicator. 70 

This specification allows preferences to vary between the pre- and post-treatment 71 

conditions. Finally, to investigate whether the treatment effect varies across individuals with 72 

different socio-demographic characteristics, we introduce triple interaction terms between 73 



 

 

the ASC, individual characteristics, and the post-treatment indicator. These interactions 74 

capture heterogeneous treatment effects across respondent groups. With the inclusion of 75 

these interaction terms, the indirect utility function can be written as: 76 

   (3) 77 

  78 

where 𝑝𝑛𝑗𝑡 denotes the monetary attribute associated with alternative j, 𝑥𝑛𝑗𝑡  is the vector of 79 

non-monetary attributes, and 𝐴𝑆𝐶𝑗  is the alternative-specific constant capturing the intrinsic 80 

utility of the policy alternative relative to the status quo. The vector 𝑧𝑛 represents individual-81 

specific characteristics (e.g. socio-demographic variables), which enter the model through 82 

interactions with the ASC. The parameter vectors w, r, and 𝛿 capture the marginal utilities of 83 

attributes, the effects of individual characteristics on the baseline utility of the policy 84 

alternative, and the shift in utility associated with the post-treatment condition, respectively. 85 

The error term 𝜀𝑛𝑗𝑡 captures unobserved factors affecting utility. 86 

Assuming that the error term follows a Type I extreme value distribution, the probability that 87 

individual n chooses alternative i in choice situation t, conditional on the vector of preference 88 

parameters 𝛽
𝑛
, is given by the multinomial logit formula: 89 

      (2) 90 

where  represents the deterministic component of the indirect utility function (equation 3). 91 

Assuming a continuous cumulative distribution function of parameters (𝐹(𝛽|𝜗)), we obtain: 92 

𝑃𝑛𝑖𝑡 = ∫ 𝑃𝑛𝑖𝑡(𝛽)𝑓(𝜗)𝑑𝛽                (3) 93 

where f is the density associated with F, and 𝜗 the vector of parameters. The coefficients in 94 

preference space are estimated using maximum simulated likelihood (Train, 2009), based 95 



 

 

on the indirect utility function in equation 3. Using the indirect utility function of equations, 96 

the marginal rate of substitution between the DCE attributes and income is a proxy of the 97 

marginal WTP of the attribute, and it is simply the ratio of the estimated coefficient of each 98 

attribute and the estimated coefficient of the monetary attribute (Hanemann, 1984). 99 

C. Model estimation results 100 

Table C1. Mixed Logit Model (MXL) estimates, whole sample. 101 

Attributes Levels Baseline Post-treatment 
effect 

  Change 

 ASC  2.555*** 
(0.127) 

-1.397*** (0.172)   1.158*** 
(0.130) 

Deadwood 
management 

Cut and release 0.006  

(0.088) 
0.026 (0.131)   0.032 

(0.098) 

 Partial salvage 
logging 

0.558*** 
(0.103) 

-0.991*** (0.157)   -0.433*** 
(0.132) 

 Salvage logging 0.407*** 
(0.037) 

-1.011*** (0.057)   -0.604*** 
(0.044) 

Installation of 

rockfall nets 
Yes 0.361*** 

(0.035) 
-0.226*** (0.052)   0.135*** 

(0.039) 

Reforestation 
With cluster planting 
scheme 0.824*** 

(0.105) 
-0.528*** (0.159)   0.295** 

(0.119) 

 With regular 
planting scheme 

0.925*** 
(0.106) 

-0.663*** (0.160)   0.261** 
(0.119) 

Tax  -0.013*** 
(0.0004) 

     

Standard Deviations Random Normal Coefficients     

ASC  3.075*** 
(0.076) 

      

 Partial salvage 
logging 

0.929*** 
(0.215) 

      

 Salvage logging 0.795*** 
(0.041) 

      

Reforestation With cluster planting 
scheme 

0.543*** 
(0.052) 

      

 With regular 
planting scheme 0.394*** 

(0.069) 
      

Log Likelihood  -11,739       

N. Observations  1,210       

Standard errors in parenthesis, * p < 0.1; * * p < 0.05; *** p < 0.01  102 



 

 

 103 

Table C2. WTP estimated from the Mixed Logit Model (MXL), whole sample (€) 104 

Attributes Levels Baseline Post-
treatment 

Differe
nce 

ASC  
185.80 

(165.45;207.1
6) 

84.24 

(65.30;103.3
7) 

-76.10*** 

Deadwood management Cut and release 0.46 

(-12.12;13.07) 

2.33 

(-
11.82;16.33) 

1.86 

 Partial salvage logging 40.45 
(25.92;54.91) 

-31.51 
(-50.20; -

12.47) 

-71.96*** 

 Salvage logging 29.56 
(24.13;35.07) 

-43.95 
(-50.75; -

37.42) 

-73.53*** 

Installation of rockfall 
nets 

Yes 26.24 

(21.08;31.44) 

9.85 

(4.19;15.45) 
-16.42*** 

Reforestation With cluster planting 
scheme 

59.86 

(44.85;75.31) 

21.40 

(4.29;38.82) -38.44*** 

 With regular planting 
scheme 

67.19 
(51.80;83.10) 

18.95 
(1.96; 36.25) 

-48.23*** 

Confidence intervals at 95% in parentheses. The statistical significance of WTP differences between baseline 105 

and post-treatment estimates was assessed using the Poe test (Poe et al., 1997). * p < 0.1; * * p < 0.05; *** p 106 

< 0.01 107 

 108 

Table C3. Mixed Logit Model (MXL) with interaction terms. 109 

Attributes Levels Baseline Post-treatment 
effect 

Change 

ASC 

 

-1.818** (0.648) 2.958*** (0.885) 1.139* 

Deadwood management 
Cut and release 

0.007 (0.088) 0.018 (0.131) 0.024 

 

Partial salvage logging 0.550** (0.104) -0.982*** (0.106) -0.431*** 

 

Salvage logging 0.410*** (0.037) -1.014***(0.058) -0.603*** 

Installation of rockfall nets Yes 0.360*** (0.035) -0.223***(0.053) 0.136*** 

Reforestation With cluster planting scheme 0.827*** (0.105) -0.532***(0.159) 0.295** 

 

With regular planting scheme 0.928*** (0.106) -0.665***(0.160) 

 
0.263** 



 

 

Tax 

 

-0.013*** (0.000)     

Interactions of ASC with Socio-demographic Variables   

ASC*Female 

 

-0.535*** (0.110) 0.510*** (0.138) 0.024 

ASC*Age 

 

0.003 (0.003) -0.025*** (0.004) -0.022*** 

ASC*Hill Areas 

 

0.138 (0.140) 0.040 (0.175) -0.178* 

ASC*Mountain Areas 

 

-0.191 (0.155) 0.036 (0.200) -0.155 

ASC*Middle school 

 

3.536*** (0.580) -2.569*** (0.802) 0.967** 

ASC*High school 

 

3.189*** (0.574) -2.564*** (0.798) 0.624 

ASC*bachelor’s degree 

 

3.069*** (0.600) -2.563*** (0.830) 0.505 

ASC*master’s degree 

 

2.568*** (0.583) -2.430*** (0.802) 0.138 

ASC*Postgraduate 

 

2.074*** (0.657) -1.642* (0.911) 0.432 

ASC*: North-East 

 

0.201* (0.120) -0.251* (0.150) -0.05 

ASC*Net household income 1,000-2,000 euro/month    
(1 = yes) 

1.092*** (0.207) -0.685*** (0.268) 0.406** 

ASC*Net household income 2,000-3,000 euro/month    
(1 = yes) 

1.614*** (0.216) -0.669*** (0.275) 0.944** 

ASC*Net household income 3,000-4,000 euro/month    
(1 = yes) 

1.891*** (0.238) -1.379*** (0.303) 0.512*** 

ASC*Net household income 4,000-6,000 euro/month    
(1 = yes) 

2.435*** (0.314) -2.274*** (0.382) 0.160 

ASC*Net household income > 6,000 euro/month        (1 
= yes) 

3.051*** (0.477) -1.597*** (0.596) 1.454*** 

ASC*Net household income does not answer (1=yes) 0.658*** (0.229) -0.337 (0.295) 0.321 

Standard Deviations Random Normal Coefficients   

ASC 

 

3.085*** (0.078)     

  Partial salvage logging 0.931*** (0.219)     

 

Salvage logging 0.788*** (0.041)     

Reforestation With cluster planting scheme 0.576*** (0.050)     

 

With regular planting scheme 0.348*** (0.073)     

Log Likelihood 

 

11,663     



 

 

N. Observations 

 
1,209     

Standard errors in parenthesis, * p < 0.1; ** p < 0.05; *** p < 0.01 110 

 111 

References 112 

Beghin, R., Lingua, E., Garbarino, M., Lonati, M., Bovio, G., Motta, R., and Marzano, R. 113 

(2010). Pinus sylvestris forest regeneration under different post-fire restoration practices in 114 

the northwestern Italian Alps. Ecological Engineering, 36(10), 1365–1372. 115 

https://doi.org/10.1016/j.ecoleng.2010.06.014 116 

Callaway, R. M. (2007). Positive interactions and interdependence in plant communities. 117 

Springer. 118 

Castro, J., Allen, C. D., Molina‐Morales, M., Marañón‐Jiménez, S., Sánchez‐Miranda, Á., 119 

and Zamora, R. (2011). Salvage Logging Versus the Use of Burnt Wood as a Nurse Object 120 

to Promote Post‐Fire Tree Seedling Establishment. Restoration Ecology, 19(4), 537–544. 121 

https://doi.org/10.1111/j.1526-100X.2009.00619.x 122 

Costa, M., Marchi, N., Bettella, F., Bolzon, P., Berger, F., and Lingua, E. (2021). Biological 123 

Legacies and Rockfall: The Protective Effect of a Windthrown Forest. Forests, 12(9), 1141. 124 

https://doi.org/10.3390/f12091141 125 

Donato, D. C., Fontaine, J. B., Campbell, J. L., Robinson, W. D., Kauffman, J. B., and Law, 126 

B. E. (2006). Post-Wildfire Logging Hinders Regeneration and Increases Fire Risk. Science, 127 

311(5759), 352–352. https://doi.org/10.1126/science.1122855 128 

Fuhr, M., Bourrier, F., and Cordonnier, T. (2015). Protection against rockfall along a maturity 129 

gradient in mountain forests. Forest Ecology and Management, 354, 224–231. 130 

https://doi.org/10.1016/j.foreco.2015.06.012 131 

Hanemann, W. M. (1984). Discrete/Continuous Models of Consumer Demand. 132 

Econometrica, 52(3), 541–561. https://doi.org/10.2307/1913464 133 

https://doi.org/10.1016/j.ecoleng.2010.06.014
https://doi.org/10.1126/science.1122855
https://doi.org/10.1126/science.1122855
https://doi.org/10.1016/j.foreco.2015.06.012
https://doi.org/10.1126/science.1122855


 

 

Leverkus, A. B., Gustafsson, L., Lindenmayer, D. B., Castro, J., Rey Benayas, J. M., Ranius, 134 

T., and Thorn, S. (2020). Salvage logging effects on regulating ecosystem services and fuel 135 

loads. Frontiers in Ecology and the Environment, 18(7), 391–400. 136 

https://doi.org/10.1002/fee.2219 137 

Leverkus, A. B., Lindenmayer, D. B., Thorn, S., and Gustafsson, L. (2018a). Salvage logging 138 

in the world’s forests: Interactions between natural disturbance and logging need 139 

recognition. Global Ecology and Biogeography, 27(10), 1140–1154. 140 

https://doi.org/10.1111/geb.12772 141 

Lindenmayer, D., Hobbs, R. J., Montague‐Drake, R., Alexandra, J., Bennett, A., Burgman, 142 

M., Cale, P., Calhoun, A., Cramer, V., Cullen, P., Driscoll, D., Fahrig, L., Fischer, J., Franklin, 143 

J., Haila, Y., Hunter, M., Gibbons, P., Lake, S., Luck, G., … Zavaleta, E. (2008b). A checklist 144 

for ecological management of landscapes for conservation. Ecology Letters, 11(1), 78–91. 145 

https://doi.org/10.1111/j.1461-0248.2007.01114.x 146 

Lingua, E., Bettella, F., Pividori, M., Marzano, R., Garbarino, M., Piras, M., Kobal, M., and 147 

Berger, F. (2020). The Protective Role of Forests to Reduce Rockfall Risks and Impacts in 148 

the Alps Under a Climate Change Perspective. In W. Leal Filho, G. J. Nagy, M. Borga, P. D. 149 

Chávez Muñoz, and A. Magnuszewski (Eds.), Climate Change, Hazards and Adaptation 150 

Options (pp. 333–347). Springer International Publishing. https://doi.org/10.1007/978-3-151 

030-37425-9_18 152 

Lingua, E., Marques, G., Marchi, N., Garbarino, M., Marangon, D., Taccaliti, F., and 153 

Marzano, R. (2023). Post-Fire Restoration and Deadwood Management: Microsite 154 

Dynamics and Their Impact on Natural Regeneration. Forests, 14(9), 1820. 155 

https://doi.org/10.3390/f14091820 156 

Marzano, R., Garbarino, M., and Lingua, E. (2018). Gestione post-incendio dei boschi alpini. 157 

Sherwood. 158 

https://doi.org/10.1111/geb.12772
https://doi.org/10.1111/j.1461-0248.2007.01114.x
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18
https://doi.org/10.1007/978-3-030-37425-9_18


 

 

Marzano, R., Garbarino, M., Marcolin, E., Pividori, M., and Lingua, E. (2013). Deadwood 159 

anisotropic facilitation on seedling establishment after a stand-replacing wildfire in Aosta 160 

Valley (NW Italy). Ecological Engineering, 51, 117–122. 161 

https://doi.org/10.1016/j.ecoleng.2012.12.030 162 

Morresi, D., Marzano, R., Lingua, E., Motta, R., and Garbarino, M. (2022). Mapping burn 163 

severity in the western Italian Alps through phenologically coherent reflectance composites 164 

derived from Sentinel-2 imagery. Remote Sensing of Environment, 269, 112800. 165 

https://doi.org/10.1016/j.rse.2021.112800 166 

Moos, C., Stritih, A., Teich, M., and Bottero, A. (2023). Mountain protective forests under 167 

threat? An in-depth review of global change impacts on their protective effect against natural 168 

hazards. Frontiers in Forests and Global Change, 6, 1223934. 169 

https://doi.org/10.3389/ffgc.2023.1223934 170 

Müller, J., Noss, R. F., Thorn, S., Bässler, C., Leverkus, A. B., and Lindenmayer, D. (2019). 171 

Increasing disturbance demands new policies to conserve intact forest. Conservation 172 

Letters, 12(1), e12449. https://doi.org/10.1111/conl.12449 173 

Stein, A., Gerstner, K., and Kreft, H. (2014). Environmental heterogeneity as a universal 174 

driver of species richness across taxa, biomes and spatial scales. Ecology Letters, 17(7), 175 

866–880. https://doi.org/10.1111/ele.12277 176 

Swanson, M. E., Magee, M. I., Nelson, A. S., Engstrom, R., and Adams, H. D. (2023). 177 

Experimental downed woody debris-created microsites enhance tree survival and growth in 178 

extreme summer heat. Frontiers in Forests and Global Change, 6, 1224624. 179 

https://doi.org/10.3389/ffgc.2023.1224624 180 

Taccaliti, F., Vitali, A., Urbinati, C., Marzano, R., and Lingua, E. (2025). Soil temperature 181 

and moisture near downed trees and log barriers 5 years after a wildfire. Fire Ecology, 21(1), 182 

26. https://doi.org/10.1186/s42408-025-00365-4 183 

https://doi.org/10.1016/j.rse.2021.112800
https://doi.org/10.1016/j.rse.2021.112800
https://doi.org/10.1111/conl.12449
https://doi.org/10.1111/ele.12277
https://doi.org/10.3389/ffgc.2023.1224624
https://doi.org/10.1186/s42408-025-00365-4


 

 

Train, K. (2009). Discrete Choice Methods With Simulation (Vol. 2009). 184 

https://doi.org/10.1017/CBO9780511805271 185 

Wohlgemuth, T., Schwitter, R., Bebi, P., Sutter, F., and Brang, P. (2017). Post-windthrow 186 

management in protection forests of the Swiss Alps. European Journal of Forest Research, 187 

136(5–6), 1029–1040. https://doi.org/10.1007/s10342-017-1031-x 188 


