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The soil is key!

Soil  hea lth is  foundational in al l  restoration areas –  agriculture ,  food 

forests , and natural forests –  because it  supports p lant growth, stores 

carbon and maintains water cycles essentia l  for ecosystem resi l ience. By 

improving soil  structure and biodiversity,  restoration ef forts enhance 

nutrient availabil ity and boost the ecosystem’s abil ity to  recover and 

susta in itself  over t ime.



Restoration is  crucial!

R es tora ti on  in  agr i cu ltu re,  f ood fores t s ,  an d n atu ra l  fo res t s  is  c ru c i a l  fo r  reb ui ld in g 

b i od ive rs i ty ,  e n h an c i ng e cosys tem  re s i l i en ce ,  an d com bat in g c l im ate  c ha n ge.  By  

re stor in g  de grade d are as ,  w e  i mprove  so i l  h ea lth ,  wa ter  re te n ti on ,  an d carb on stora ge,  

c re at in g  h e alth i er  en v i ron men t s  th at  su ppor t  both h u ma n a nd  e co l og ic a l  w el l -be in g .



Satellite Remote Sensing - Soil

Satell ite remote sensing enables eff ic ient ,  

large-scale  monitoring of  soil  propert ies , 

such as moisture,  organic content,  and 

degradation, by capturing spectral  data 

across vast areas. Its  ef fect iveness l ies in 

its  abil ity to provide consistent, long -term 

data,  al lowing for accurate tracking of  soil  

health and changes over time,  which is  

crucial  for sustainable land management.
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Bottom-Up Analysis

Soil samples from Food Forest (ROI), and 2 

comparison sites (natural forest and 

agricultural field)

Chemical Analysis

Physical Analysis

Spectroscopic Analysis

Top-Down Analysis

Sentinel 2 data collection on Food Forest 

(ROI) and a comparison site (agricultural 

field)

Indicators Analysis

Temporal Trends

Remote Sensing Score 

Soil Health Score 

Score Alignment

Unified Integration Model

Linking Scores

Soil Health Monitoring

Decision Support for Land 

Managers

Applications of the Integrated 

Model

Framework for Adaptive 

Management



Bethlehem of 

Galilee- Food 

forest (IL)

Heraklion 

(GR)

Pilot Areas



Bethlehem of Galilee Food Forest
A  food fore st  is  a  su sta i n ab l e ag r icu l tu ra l  sys te m de s i gn ed to  mi mi c  

a  n atu ra l  fo re st  ecos ystem ,  wh e re d i vers e l aye rs  o f  p l an t s ,  in c l u d in g 

t ree s ,  s hru bs ,  he rbs ,  a nd  g roun d cove r ,  work  tog eth er  to  produ ce 

food .  By  promot in g b i od ive rs i ty  a n d na tura l  so i l  h e alth ,  food f ores ts  

c re ate re s i l i en t  en v i ron m en t s  th at  su ppor t  a  var i et y  o f  c rops  an d 

re qui re m in i mal  hu m an  in terve n ti on .



Heraklion Forest
Th e He rak l i on  f ores t re storat ion  pro j ect  de mon st rate s  the  powe r  o f  

l on g -t erm  eco l og ic a l  re cove ry ,  wh e re re fores ta t ion  ef fo r t s  h ave  

su cc ess fu l l y  rev i ve d na t ive  spe c ie s  an d i mprove d b iod ive rs it y .  

Th rou gh  s us ta in a b le  ma na gem en t  an d con se rvat i on pra ct ice s ,  th e 

fo re st  n ow se rve s  as  a  mode l fo r  re s i l i en ce  an d ha bi ta t re storat i on  i n 

Me dite r ran ea n  ecos ystem s.



Major Differences in Pilot Areas

Purpose
F o od  f o r e s t ;  Na tu r a l  f o r e s t

Si ze
~3  a c r e s ;  H u n dr e d s  o f  a c r e s

Time of  Res torat ion
L es s  th an  1 0  y ea r s ;  S e ve r a l  d e cad e s

Plant  Composi t ion
D i ve r s i t y  o f  m o s t ly  e d ib l e  p l an t s ;  Na t i ve  M e d i t e r r an e an  f l o r a ,  w i th  a  f o c u s  o n  

t r ee s  

Management  Approach
A c t i ve  -  w i th  a  f o cu s  o n  p o l y cu l t u r e  an d  p e r m acu l t u r e  t ec h n i q u e s ;  F o cu s  on  

co n s e r v a t i on  an d  m i n i ma l  h u m an  i n t e r ve n t i on  to  a l l o w n a t u r a l  r eg e n er a t i o n

Biodiversi ty  Goal s
A i ms  to  i n c r ea se  b io d i ve r s i t y  w h i l e  p r o du c i n g  f o od  su s ta in ab ly ;  A i m s  t o  r e s to r e  

an d  m a i n t a i n  n a t i v e  b i o d iv e r s i t y  sp e c i f i c  t o  M ed i te r r a n e an  f o r e s t  e co s y s te m s
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Structure 

Insensitive 

Pigment Index 

(assess the 

amount of 

chlorophyll in 

vegetation)

SIPI SAVI

Soil Adjusted 

Vegetation 

Index

(how healthy 

and dense the 

vegetation is, 

considering soil 

brightness)

NDWI

Normalized 

Difference Water 

Index

(useful for 

mapping 

moisture)

PSRI

Plant Senescing 

Reflectance 

Index

(Identifying 

plants getting 

older or 

entering a 

senescent stage)

NSDI

Normalized 

Shortwave 

Infrared 

Difference 

index

(identifies soil 

salinity)

NDII

Normalized 

Difference 

Infrared Index

(water stress / 

stuffiness 

moisture in 

plants)

Top-Down Indicators



Results

SIPI

A s se s s  th e  a mo u n t  o f  
ch lo r o p h y l l  i n  
v eg e ta t i on

Restored Area

Control Area

Heraklion Forest

Food Forest



Results

SIPI

A s se s s  th e  a mo u n t  o f  
ch lo r o p h y l l  i n  
v eg e ta t i on

Restored Area

Control Area

Heraklion Forest

Food Forest



Results

SAVI

H o w  h e a l th y  a n d  de n se  
t h e  ve g e t a t io n  i s ,  
co n s id e r i n g  so i l  
b r i gh tn e s s

Restored Area

Control Area

Heraklion Forest

Food Forest



Results

SAVI

W i n t e r s  –  
A l mo s t  n o  d i f f e r en ce

Restored Area

Control Area

Heraklion Forest

Food Forest



Results

SAVI

S u m m er s  –  
No t ic e d  d i f f e r e n ce

Restored Area

Control Area

Heraklion Forest

Food Forest



Comparison sites
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Bethlehem of Galilee Food Forest

Alonei Aba Natural Forest

Neve Ya’ar - Agricultural



Methodology – BU Analysis
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Soil Sampling and Laboratory Analysis

Sampling Sites:

• FF – Food Forest: 40 samples at various depths (restoration site)

• AA – Natural Oak Forest: 20 samples (reference for healthy ecosystem)

• Conventional Field: 20 samples from a nearby, non-restored agricultural site

Soil Parameters Tested:

• Total Organic Carbon (TOC%), Total Nitrogen (NO2-N, NO3-N, NH4-N), C/N ratio

• pH, Electrical Conductivity, Active Carbon

• Bulk and Particle Density, Porosity



Results – TOC% Comparison
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Organic Carbon Levels Reflect Restoration 

Progress

• FF samples exhibit TOC% levels that fall 

between the degraded (conventional) and 

natural (AA) conditions.

• Several FF samples reach or even surpass 

the TOC% values observed in the natural 

forest.

• Indicates an improvement in organic 

matter accumulation—a key indicator of soil 

restoration.



Results – Total Nitrogen comparison
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Nitrogen Dynamics and Ecosystem Function

 Total Nitrogen:

• FF and AA soils show significantly higher 

nitrogen availability than the conventional 

field.

• Indicates nutrient retention and 

cycling are improving in the FF.



Results – C/N Ratio
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C/N Ratio:

• The carbon to nitrogen ratio in FF and AA 

falls within biologically expected ranges 

(typically ~10–20).

• FF's values trend toward those of the 

natural forest (AA).

• This reflects a restored balance between 

organic matter input and microbial 

decomposition, supporting soil health 

recovery.



Results and Conclusions

• Notable Differences in the restored areas, compared to the control 

areas in both pilots

• Ability to detect changes and restoration impact in different scales 

and in small areas

• Ability to overcome the lack of data over time, using the compared 

area

• Forecasting seasonal changes over time

• Covering large areas over long timeseries to understand patterns



What`s Next?
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