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The ALICE project

What is Green/Blue Infrastructure Network (BGIN)?





The ALICE project

Blue-Green Infrastructures Networks: towards an adaptive territorial management

Stakeholders-
Managers

Ecological
models

Global 
Change
(LULC-

climate)

In our Global Change context, BGINs design should be respond to the main drivers that 
control the landscape evolution.

Biodiversity and 
ecosystem functioning 

(supply)

Ecosystem services 
(demands)



What do we need?

Developing a methodology to design BGINs for following two main criteria:
the optimization of the landscape structure and the improvement of ecosystem services



What do we need?

Developing a methodology to design BGINs for following two main criteria:
the optimization of the landscape structure and the improvement of ecosystem services



What do we need?



The ALICE project



The ALICE project

Provisioning

Regulation and Maintenance

Cultural

BGIN
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Why ??

Ecosystem

degradation at the

EU level

Climate (Global) 

change

Biodiversity

losses
EU strattegy for GI

Year 2013
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National Level advances

Law 33/2015, of September 21, which modifies Law 42/2007, 

of December 13, on Natural Heritage and Biodiversity (BOE 

227, 2015), incorporates into the Spanish legal system the 

concept of " Green Infrastructure ", and more specifically 

introduces in Chapter III, a new article (article 15)," From the 

Strategic Framework of the Green Infrastructure and the 

ecological connectivity and restoration ", in Title I, relating to 

the" State Strategy of Green Infrastructure and the Ecological 

Connectivity and Restoration ", title that establishes the 

objective, content and elaboration of it.

Based on the guidelines of the National Strategy, the 

Autonomous Communities are obliged to develop, within a 

maximum period of three years from the approval of said 

Strategy, their own strategies, ...

First steps at the regional level





Landscape mapping

Classification of land cover using a Landsat image from 2010 (see Álvarez-Martínez et al., 2017)

Patterns, process and dynamicsLandscape structure
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Landscape structure Business as Usual

Socio-economic
inputs

LANDSAT (1985 – 2010)
Land uses changes (píxel)

Obtaining: trend lines
and land change rates

2010

1985 Spatial resolution: 
30m

Land cover/use legend

Mature broadleaf forest

Young broadleaf forest

Coniferous forest/plantation

Shrubs Pastures

RocksAgrarian

Urban Water

Landscape mapping



Landscape mapping

20122010

SIOSE: Sistema de 

Información sobre Ocupación 

del Suelo de España (CNIG)

CLC (CORINE): CoORdination

of INformation of the 

Environment (EEA)

Land use-land cover typologies

Vectorial format

‘Homogeneous’ land cover 

patches

Restricted or null temporal 

resolution

Traditionally: visual interpretation and digitalization



Habitat mapping

Many classes are similar in structure but not in composition and function



Habitat mapping

Remote Sensing (RS)

Satellite imagery:

Landsat 5TM and 8OLI 30m

Sentinel 2 A and B, 10-20m

DEIMOS-2, 4m

LiDAR derived data, 5-30m

ENV. LIMITING FACTORS 

topography, climate, soil



Habitat mapping

Jose A. Prieto

Borja Jiménez-Alfaro 

(U. de Oviedo)

Fermín del Ejido

(U. de León)

2016-2018
25000 puntos

Training

TestingTesting



Habitat mapping

A DATA MINING method or modelling algorithm for habitat mapping relates

occurrence data and the process-based environmental and RS predictors

MaxEnt: SWD format, Tunning parameters, Phillips et al (2006)

SDM: Multiple algorithms, Bootstraping, Naimi and Araújo (2016)

SPATIAL 
MODELLING

OCCURRENCE 
DATA

PREDICTORS

SPATIAL 
PREDICTIONS

MAPS

3



Habitat mapping

4030 –European dry

heathlands

EUNIS (level 4): Sub-Atlantic

[Calluna] - [Genista] heaths F4.22

0                      1E 1:50 000



Habitat mapping

0                      1E 1:25 000

9120 – Atlantic 

acidophilous beech 

forests with Ilex and 

sometimes also Taxus

in the shrublayer



Habitat mapping

Teselado de la 

vegetación en unidades 

fisionómicas (manchas 

homogéneas mayores 

de 5hectáreas)

E 1:25 000 UNCERTAINTYDOMINANCE +



Habitat mapping

Temporal dynamics, spectral uncertainty

Landsat 8 OLI (30 m)



Habitat mapping



Habitat mapping

High 

suitability

Low 

suitability

Landsat 8 MVC 

Landsat8 x2

Sentinel2 x2

Deimos2 x2

+LiDAR +MDT

Locally monitored acid fens



Habitat mapping

High 

suitability

Low 

suitability

Landsat 8 MVC 

Landsat8 x2

Sentinel2 x2

Deimos2 x2

+LiDAR +MDT



Habitat mapping

Landsat 8 MVC 

Landsat8 x2

Sentinel2 x2

Deimos2 x2

+LiDAR +MDT

High 

suitability

Low 

suitability



Habitat mapping

Landsat 8 MVC 

Landsat8 x2

Sentinel2 x2

Deimos2 x2

+LiDAR +MDT

High 

suitability

Low 

suitability



Habitat mapping

Hábitat 4030 (b)
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Hábitat 6510 (a)

B

A

Hábitat 4020

Soectral library: 

HABITAT TYPES



Habitat mapping

Spectral library: PHENOLOGY

Hábitat 9120
(F. sylvatica)

Hábitat 9230
(Q. pirenaica)

Verano OtoñoVerano Otoño

B C DA



Habitat mapping

Deep learning with multispectral imagery and limiting factors

Promising… but what more actually matters??

Deep learning spatial outputs



Agriculture and farming

Puerto model (J. Busqué)



Current Situation
Hydrological
functioning

Conceptual and distributed model
Spatial resolution: 100 m
Temporal resolution: dialy

Vegetation INPUT:

Landscape
structure

Current Situation
Hydrological models OUTPUTS:
Series: flow

Maps of state variables: soil humidity, snow…

Maps of flows: Surface flow, subsurface flow, aquifer

recharge…

Physical and distributed model
Spatial resolution: 30 m
Temporal resolution: hourly

Hydrological model Hydrological model

1985 – 2005 
(precipitation and 

temperatura)

Climate INPUT

Ecological functions



Business as Usual

Hydrological
functioning

Vegetation INPUT:

Landscape
structure

Business as Usual

2045 – 2065 (RCP8.5) 
(precipitation and temperatura)

Climate INPUT:

Ecological functions



Segovia (Eresma river)

Peñamellera Baja (Deva river)

Current Situation

Business as Usual

Hydrological
functioning
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P.N Sierra de Guadarrama

P.N Picos de Europa

51% reduction in rivers contribution  

37% reduction in rivers contribution  

Ecological functions



Streams

Differences: Rivers are dendritic and open ecosystems with an 
important role of stochastic processes (e.g. flood 
disturbances), while forest are more closed ecosystems in 
which deterministic processes dominate (competition).

Dependencies: Both ecosystems interchange water, nutrients, 
sediments and C-sources (e.g. Leafy debris, LWD, DOM). 

Water
Sediments
Nutrients

LWD

Leafs

Forests

A need for conecting
models and services

Ecological relationships



Forest MaturityForest cover
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Unexpected ??

See Belmar et al., 2018

Rivers and Forests



Land use intensification produces a lost of mature native forests, while land abandonment opens 
opportunities for the natural vegetation to recover and mature through secondary succession.

2-5 years 10-30 years 50-150 years

Land abandonment: Secondary succession

10-30 years

Reforestation

Secondary succession generates properties that differentiate young and mature 
forests, while traditional forestry practices will not achieve this properties…

≠

Mature forest

Forest plantation

Young Forest

Rivers and Forests



Mature Forest

There is a strong need to better understand the role of old unmanaged forests (i.e. Mature forests) 
on hydrological processes versus the role of novel forest or tree plantations…
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Stand Age (Years)
20 40 60 80 100 120 140

NPP, Evapotranspiration

GPP

Adapted from Chapin III et al., 2002

A dangerous message: All forests dry rivers ?? Or is it just young forest and plantations?

Harvest

Rivers and Forests



Mountain ash forest (Eucalyptus regnans) in Maroondah Reservoir Region, Victoria, Australia, reduce 
water to streams during the rapid years of growth (up to 40 years), but then recover after forest maturity 
is reached (>150 years).
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Vertessy et al., 1998

The increase in runoff comes from changes in:
• Leaf area index (transpiration, interception)
• Sapwood area (transpiration)
• Reduction of soil evaporation because of 

accumulation of woody debris and leaf litter..

Rivers and Forests



Large Woody Debris Leaf litter & Horizon 0

A dangerous message: Do we need to clean forests? Or just tree plantations?

Forest maturation increases the inputs and stocks of large woody debris and leafy 
debris, increasing the depth of Horizon 0 and many ecosystem functions..

Erosion control

Increased 
Biodiversity

OM storage

Increase 
Heterogeneity

Water retention

Reduced 
Evaporation

Increased 
infiltration

Temperature 
Buffered

River

Forest

Rivers and Forests



N
u

m
b

e
r 

o
f 

Sa
lm

o
n

id
s 

(I
n

d
iv

id
u

al
s/

h
a.

)

Forest Maturity

Base Flow Index

Forest and Fish

A need for conecting
models and services



Ecosystem services

Current Situation
Functional
Hotspots

Potential 
floodplain 
extent

1- Floodplain extent 2 - Thermal loading 3- Recruitment of large woody debris
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Maximum potential Shade-
Thermal Energy (watt . hour 
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Woody debris (m3

/ year)

Current 
floodplain 
extent



4 - Potential habitat for salmonids

Habitat quality

5 - Hillslope surface erosion

Erosion potential

Relative sediment 
yield for adjacent 

hillslopes

Current Situation
Functional
Hotspots

Ecosystem services



Socioecosystems

Meetings with 
managers - stakeholders

Products from modelling

1. Probable areas of forest expansion/regression

2. Localization of mature native forests

3. Localization of functional hotspots

4. Hydrology: reduction in the average flow
Picos de Europa

Forest expansion (evapotranspiration)
Sierra de Guadarrama and Sierra Nevada

Climate change (snow and precipitation reduction + 
temperature increment)

Criteria for designing BGINs (from managers)

Picos de Europa

Rewilding
Protection of the most productive pastures

Riparian buffers in headwaters

Sierra de Guadarrama and Sierra Nevada

Rewilding of shrublands and native forest
Afforestation in the most problematic areas

Gradual replacement of pine plantations:
Riparian corridors, thinnings…

Connectivity and spatial coherence to design
BGINs in each National Park

Hydrological models: relationship between
soil – water - vegetation



Model integration



Model integration

Puerto model (J. Busqué)



Model integration



The ALICE project

http://aries.integratedmodelling.org



The ALICE project

http://aries.integratedmodelling.org



Model integration



MODEL INTEGRATION



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

MeatP MilkP ForestryP CarbonU ErosionC TRecreation Water RiverWQ RFisheries RRecreation Wpurification FloodP EstuarineWQ EFisheries ERecreation TBiodiversity RBiodiversity EBiodiversity Heritage HabitatCS RiverES EstuarineES

1 Meat Production X Input Input Input Input X Input

2 Milk Production X Input Input Input Input X Input

3 Forestry Products Input Input Input Input X Input

4 Carbon Uptake Output Output Output Input Input X Input

5 Erosion Control Output Output Output Output Input X

6 Terrestrial Recreation X X

7 Amount of Water Output Output Output Output X Input Input Input Input Input Input X Input X X X

8 River Water Quality Output Output Output Output Output X Input Input Input Input Input X Input X Input X

9 River Fisheries X X Input X X Input X Input

10 River Recreation X X Output X X

11 Water purification X X X Input X X X X

12 Flood protection X Input

13 Estuarine Water Quality X X Output Input Input X Input X Input

14 Estuarine Fisheries X X X X X Input X Input X Input

15 Estuarine Recreation X X X Output X X X

16 Terrestrial Biodiversity Input Input Input Input Input Input Input Input X

17 River Biodiversity X X X Input Input X X X Input X

18 Estuarine Biodiversity X X X Output X X X X Input

19 Heritage

20 Habitat Conservation Status X X X X Input Input** Input** Input** Input** Input** Input Input X X X X X

21 River Ecological Status X Input Input /* Input /* Input /* Input* Input* Input Input X Output X X X

22 Estuarine Ecological Status X X X Input* Input Input X X Output X X

Model dependencies

Model integration



Model integration



The ALICE project

http://aries.integratedmodelling.org



Stakeholders



The ALICE project

Scientists in the past collected data in notebooks. In the digital age, we need scientific 

data and models to be Findable, Accessible, Interoperable, and Reusable, helping 

individuals, businesses, and governments make better informed decisions.

www.integratedmodelling.org



The ALICE project

Source areas

Beneficiaries

Spatial scales

Flows

K
n

o
w

le
d

ge

www.integratedmodelling.org



Stakeholders



Surveys: collect the impressions of the agents.February 2019

March 2019

January 2020

June 2020

First Workshop: Recognize Strengths and Weaknesses 

in the territory for adaptation to Climate Change and 

the main environmental problems.

Second Workshop: Presentation of results of the 

models for the current time and approach of 

solutions.

Third Workshop: Presentation of results of the 

scenarios and approach of alternatives.

Stakeholders



The ALICE project

Sociecological networks

Providers (e.g. forests, 

watersheds) are first 

identified and built by the 

AI engine.

The ontologies define 

types of Transactors (e.g. 

wells, crops, atmosphere), 

identified last.

Beneficiaries (e.g. 

farmers, coastal dwellers) 

are identified next.

The model for the system then creates and classifies all relationships, starting with provision (provider->transactor)…

…and following with use (beneficiary <- transactor), building a (potentially) differently scaled model for each flow.

Intermediate transactors (e.g. markets) are brought in according to the ontologies. They can be local or remote.



The ALICE project

Benefits to 
land users

Costs to 
downstream 
populations

Deforestation 
and use for 

pasture

Conservation

Payment

Conservation 
with payment 

for service

Important!
This logic is repeated every 

year

» Need annual payments
» Need sustained financing



The ALICE project

Protected Area

Private lands

Payments can go to:

• Private landowners: including 

buffer zones and biological 

corridors, among others

• Protected Area budgets

PES

Users

PES



The ALICE project

 Not a universal solution

 One size does not fit all

 Identify the services being provided clearly

 Understand and document the links between ecological processes and 

services

 Include the demand side, not only the supply side

 Monitor effectiveness

 Design flexible mechanisms

 Mix and match with other mechanisms

 Getting the science and institutions right



The ALICE project

GUI - k.EXPLORER



Thanks a lot for your attention!


