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SUPPLEMENTARY MATERIAL 

 
Figure S1. Study area of Pinus spp. plantations in Sierra de los Filabres (Southern Spain) and location of sample plots. 

 
Figure S2. RGB visualization of the ALOS-PALSAR 2 data in the study area, R: HH, G: HV, B: NDBI. 
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Figure S3. Pearson correlations for NDVI (Landsat 8) and HV (ALOS PALSAR 2) with basal area and biomass of Pinus spp. planta-

tions in Sierra de los Filabres (Southern Spain). 

 
Figure S4. Recursive feature selection, Outer resampling method. 
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Figure S5. Variance importance ranking predictors in the best fit random forest models for AGB Wt, Basal area BA, N trees per 

hectare and dimeter of the tree for 2015. 
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Figure S6. Coefficients of model validation test of the final models ALOS PALSAR 2 – SENTINEL1 - LANDSAT8 for 2015, 
the red line shows the 1:1-line references, the blue line shows the random forest regression model. 

  



Remote Sens. 2023, 13, x FOR PEER REVIEW 5 of 15 
 

 

 

 
 

Figure S6. (Continued) 
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Figure S7. Basal Area (ba) change between 2015 – 2020 using ALOS PALSAR 2- Sentinel 1 -Landsat 8 Random Forest model and 

textures of second order in Pinus spp. plantations in Southern Spain. 

 

Figure S8. Assman Dominant Height (Ho) change between 2015 – 2020 using ALOS PALSAR 2- Sentinel 1 -Landsat 8 Random 

Forest model and textures of second order in Pinus spp. plantations in Southern Spain. 
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Figure S9. Δ Mean square diameter (Dg) change between 2015 – 2020 using ALOS PALSAR 2- Sentinel 1 -Landsat 8 Random For-

est model and textures of second order in Pinus spp. plantations in Southern Spain. 

 

Figure S10. Δ Difference Number of trees (ha-1) change between 2015 – 2020 using ALOS PALSAR 2- Sentinel 1 -Landsat 8 Ran-

dom Forest model and textures of second order in Pinus spp. plantations in Southern Spain. 
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Figure S11. a. Map of AGB biomass 2015, b. Map of AGB biomass 2020. 
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(b) 

Figure S12. a. Map of Basal Area 2015 b. Map of Basal Area 2020. 
  



Remote Sens. 2023, 13, x FOR PEER REVIEW 10 of 15 
 

 

 

 
(a) 

 
(b) 

Figure S13. a. Map of mean square diameter Dg  2015, b. Map of mean square diameter Dg  2020. 
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(b) 

Figure S14. a. Map of Number of trees per Ha 2015, b. Map of Number of trees per Ha 2020. 
  



Remote Sens. 2023, 13, x FOR PEER REVIEW 12 of 15 
 

 

 

 
(a) 

 

(b) 

Figure S15. a Map of Number of trees per Ha 2015, b. Map of Number of trees per Ha 2020. 
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Table S1. Height and diameter equations used for inventory data update (Guzmán Álvarez et. al., 2012). Diameter at breast height (Di, cm), number of stems (N, trees ha-1), height (Hi, m), Site 

Index (IS) competition index (ICi) tree age (Ei), biomass fractions (stem Ws, thick branches Wtkb, medium branches Wmb, thin branches Wtnb, roots Wr, thick-medium branches Wtkmb). 

Species Equations for inventory data update Equations for tree age update  Equations for biomass estimation 

Biomass fraction Equations 

Pinus 
halepensis 

𝐻௜ = 𝑒ିଷ,଻ଽଽଵା଴,ଽସ଼଻଺·௟௡ሺா௜ሻାଵ,଴ସହଽ·௟௡ሺூௌሻ 𝐻௜ = 𝑒ሺ௟௡ሺௗ௜ሻା଴,ଵ଴଻ଷ*௟௡ሺே೔ሻା଴,଴଴଴ସ଺*௟௡ሺூ஼௜ሻିଵ,ସଽ଻ଵሻ ଴,ଽଷଽ଼⁄  Stem Ws = 0.0139·d2·H 

Thick branches For d >27.5 cm  
Wtkb = 3.926·(d-27.5) 𝑑௜ = 𝑒ଵ,ସଽ଻ଵା଴,ଽଷଽ଼·௟௡ሺு௜ሻ–଴,ଵ଴଻ଷ·௟௡ሺே೔ሻି଴,଴଴଴ସ଺௟௡ሺூ஼௜ሻ 𝐸௜ = 𝑒ሺ௟௡ሺு௜ሻିଵ,଴ସହଽ*௟௡ሺூௌሻାଷ,଻ଽଽଵሻ ଴,ଽସ଼଻଺⁄  Medium branches Wmb = 4.257+0.00506·d2·H-0.0722·d·H 

Thin branches Wtnb = 6.197 +0.00932·d2·H-0.0686·d·H 

Roots Wr = 0.0785·d2 

Pinus 
pinaster 

𝐻௜ = 𝑒ିଷ,ଽ଻଻଻ାଵ,଴ଵ଺଺·௟௡ሺா௜ሻାଵ,଴ଵ଼ଶ·௟௡ሺூௌሻ 𝐻௜ = 𝑒ሺ௟௡ሺௗ௜ሻା଴,଴ଽଷସ*௟௡ሺே೔ሻା଴,଴଴଴ଶ଺*௟௡ሺூ஼௜ሻିଵ.ଵ଴ସଽሻ ଵ.ଵ଴଴ସ⁄  Stem Ws = 0.0278·d2.115·H0.618 

Thick-medium 
branches 

Wtkmb = 0.000381·d3.141 

𝑑௜ = 𝑒଴,଼଺଻ଵାଵ,ଵଷସଽ·௟௡ሺு௜ሻ–଴,଴ସଽଽ·௟௡ሺே೔ሻି଴,଴଴଴଴ହଷ௟௡ሺூ஼௜ሻ 𝐸௜ = 𝑒ሺ௟௡ሺு௜ሻିଵ,଴ଵ଼ଶ*௟௡ሺூௌሻାଷ,ଽ଻଻଻ሻ ଵ,଴ଵ଺଺⁄  Thin branches Wtnb = 0.0129·d2.32 

Roots Wr = 0.00444·d2.804 

Pinus nigra 

𝐻௜ = 𝑒ିସ,ଵଶ଺଻ାଵ,଴ସହସ·௟௡ሺா௜ሻାଵ,଴ଵ଼ଽ·௟௡ሺூௌሻ 𝐻௜ = 𝑒ሺ௟௡ሺௗ௜ሻା଴,଴ସଽଽ*௟௡ሺே೔ሻା଴,଴଴଴଴ହଷ*௟௡ሺூ஼௜ሻି଴,଼଺଻ଵሻ ଵ,ଵଷସଽ⁄  Stem Ws = 0.0403·d1.838·H0.945 

Thick branches For d >32.5 cm  
Wtkb = 0.228·(d-32.5)2 𝑑௜ = 𝑒ଵ,ଵ଴ସଽାଵ,ଵ଴଴ସ·௟௡ሺு௜ሻ–଴,଴ଽଷସ·௟௡ሺே೔ሻ–଴,଴଴଴ସଶ·௟௡ሺூ஼௜ሻ 𝐸௜ = 𝑒ሺ௟௡ሺு௜ሻିଵ,଴ଵ଼ଽ*௟௡ሺூௌሻାସ,ଵଶ଺଻ሻ ଵ,଴ସହସ⁄  Medium branches Wmb = 0.0521·d2 

Thin branches Wtnb = 0.0720·d2 

Roots Wr = 0.0189·d2.445 
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Species Equations for inventory data update Equations for tree age update  Equations for biomass estimation 

Biomass fraction Equations 

Pinus 
sylvestris 

𝐻௜ = 𝑒ିସ,଴଺ଵଽାଵ,଴ଵ଻଺·௟௡ሺா௜ሻାଵ,଴ଷଶଽ·௟௡ሺூௌሻ 𝐻௜ = 𝑒ሺ௟௡ሺௗ௜ሻା଴,ଵ଴ହ଺*௟௡ሺே೔ሻା଴,଴଴଴଻ଶଷ*௟௡ሺூ஼௜ሻିଵ,଻ସସଵሻ ଴,଼ଷ଴଺⁄  Stem Ws = 0.0154·d2·H 

Thick branches For d >32.5 cm 
Wtkb = 0.54·(d-37.5)2-0.0119·(d-37.5)2·H 𝑑௜ = 𝑒ଵ,଻ସସଵା଴,଼ଷ଴଺·௟௡ሺு௜ሻ–଴,ଵ଴ହ଺·௟௡ሺே೔ሻ–଴,଴଴଴଻ଶଷ·௟௡ሺூ஼௜ሻ 𝐸௜ = 𝑒ሺ௟௡ሺு௜ሻିଵ,଴ଷଶଽ*௟௡ሺூௌሻାସ,଴଺ଵଽሻ ଵ,଴ଵ଻଺⁄  Medium branches Wmb = 0.0295·d2.745·H-0.899 

Thin branches Wtnb = 0.53·d2.199·H-1.153 

Roots Wr = 0.13·d2 
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