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REPOBLACIONES FORESTALES: TRIPLE ENCRUCIJADA
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UNITED NATIONS DECADE ON

ECOSYSTEM
RESTORATION

2021-2030

UN &

environment
programme

Food and Agriculture
Organization of the
United Nations

El momento: Consenso Internacional

RESTORE &
OUR FUTURE

BONN CHALLENGE

Z

United Nations

Convention to Combat
Desertification

La Decada de restauracion de ecosistemas (ONU 2021-2030)

https://www.decadeonrestoration.org

m European |
Commission

Home > Strategy > Forest strategy

New EU forest strategy for 2030

To improve the quantity and quality of EU forests

« Framework for Ecosystem Restoration Monitoring (FERM) : http://www.fao.org/national-forest-monitoring/ferm/en/

Compromiso internacional de restaurar hasta 1000 Mha, (aprox China, UN 2021)

The Drylands Restoration Initiatives Platform (DR'P) http://www.fao.org/in-action/dryland-restoration-initiative-platform/en/

UE: Estrategia forestal europea, Nature-based Solutions

https://ec.europa.eu/environment/pdf/forests/swd 3bn trees.pdf



https://www.decadeonrestoration.org/
http://www.fao.org/national-forest-monitoring/ferm/en/
https://www.unep.org/news-and-stories/story/countries-commit-restore-global-land-area-size-china
http://www.fao.org/in-action/dryland-restoration-initiative-platform/en/
https://ec.europa.eu/environment/pdf/forests/swd_3bn_trees.pdf

El momento: Plan de R., T. y R.

https://www.lamoncloa.gob.es/temas/fondos-recuperacion/Documents/16062021-Componente4.pdf

C4R2; C4.13
Inversion: 551.500.000 €.

Lineas C4.13:

1. Restauracion de ecosistemas

* ..ecologica, hidrolégica, mejora del C organico en
suelos y acciones contra la desertificacion... habitats
vulnerables, terrenos degradados, creacién de
corredores de alta montaia, ecosistemas litorales y
marinos, restauracion hidroldgico forestal y
recuperacion de terrenos agrarios.

* ...impulso a actuaciones de conectividad a gran
escala, aprovechando vias pecuarias o proyectos
interautondmicos.

2. Recuperacion zonas afectadas por la
mineria

3. Infraestructura verde: fomento de la
conectividad y reverdecimiento urbano

Calendario de implementacion: 2021-2026

Aprox 40 Kha/afno ( x 4 la media anual actual)

Enumeracion de las reformas
e inversiones

Conservacién de la

Plan de Recuperacion,
Transformacion y

A\

Resiliencia

C4.R1 | biodiversidad terrestre y
marina COMPONENTE 4
Restauracién de
C4.R2 | ecosistemas e Conservacion y restauracion de
infraestructura verde. . .
ecosistemas marinos Yy
Gestion Forestal terrestres y su biodiversidad
C4.R3 .
Sostenible
., 05.4 Proteccién
Restauracion de de Ia
C4.13 | ecosistemas e 551.500.000 33,59% | . ,. .
. biodiversidad y
infraestructura verde. .
del paisaje
05.4 Proteccidn
Gestion Forestal o, | dela
C4.14 Sostenible 401.100.000 24,43% biodiversidad y
del paisaje
Inversiones totales 1.642.000.000 100,0 %



https://www.lamoncloa.gob.es/temas/fondos-recuperacion/Documents/16062021-Componente4.pdf

= Las estadisticas: EXPANSION Y CRECIMIENTO BOSQUES

- Superficie forestal. Comparacion IFN2, IFN3, IFN4, 2018 (MAPA, 2020)

COMPARACION DE EXISTENCIAS ENTRE INVENTARIOS
volumen maderable: millones de m3 c.c.

B IFN4
B IFN3
OIFN2

millonesde m3 c.c.

Grafico 2.5: Comparacidn de existencias en volumen maderable con corteza.

R. de Vol maderable (m3 | N pies
Murcia | cc) mayores

1987 3.1 Mm3 43 M
1999 6.9 Mm3 84 M
2010 9.1 Mm3 91 M

R. de | Superficie forestal arbolada Superficie
Mur | FCC>5% forestal
cia Desarb.

Arbolado ralo + TOTAL FCC < 5%
disperso FCC 5-20%

2010 32.860 + 11.486 318.878 197.318

2014 34.429 308.223 203.074




In France, Spain and Italy, reforestation was particularly visible

ORTUGAL  SPAIN

https://www.washingtonpost.com/news/worldviews/wp/2

o)

014/12/04/watch-how-europe-is-greener-now-than-100-years-ago/

Areas used for farming in
France, ltaly, Spain and
Portugal have decreased
dramatically

Spain and southern
France saw widespread
reforestation R
with Apennine regions of

Italy

Forest harvesting intensity
[%]
. o-2s
B 2550
e $0-78
75+ 100
100 - 300
B 300 - 500
B 500 700

Las estadisticas: EXPANSION Y POCA GESTION

Volumen
madera cortada
con respecto al
incremento
anual para
2000-2010

(Levers et al.,
2014, FORECO
315:160-172)


https://www.washingtonpost.com/news/worldviews/wp/2014/12/04/watch-how-europe-is-greener-now-than-100-years-ago/
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‘e Las estadisticas: EXPANSION Y CRECIMIENTO BOSQUES

e oh

Erosion (MAPA, 2021)

{ "zzzE INVENTARIO NACIONAL DE
— EROSION DE SUELOS

EROSION LAMINAR Y EN REGUEROS
Pérdidas de suelo (t - ha - afio )
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Ldminas de agua superficiales y humedales
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El

- El Cambio Global/Climdtico

El cambio
climdtico

)

9 ‘ Y
S Ball-and-cup model of system stability
elative rainia
trend (%) Ball=Current state of system :
ki B (-21.0,-17.5) I
ﬁﬁ [-17.5,-14.0) Cup = Current stability domain :
3 \ | [~14.0,-108) Forest Non-forest or
Eg [-10.5, -7.0) different forest
[-7.0, -3.5) current
[-3.5, 0.0) Stabi/ity the stability
(Vayreda et al., 2012) i domain alternative
speed at which dsitiain
the ball returns stability @
to homeostasis; - W
. Los dominios de estabilidad: corvelated with |
« Dominio productivity <resilience»
- Estado B —————— I
ops |
- Estabilidad Resilience, the amount of energy that the system
- Resiliencia can absorb without leaving the cup for an

- No bosque o bosque # alternative stability domain.




= El Cambio Global/Climdtico

FORESTAL

El cambio
regeneracié
climético nataral

- Cambio en los regimenes de perturbaciones: sequias

(a) (b)

i) Novel disturbance

ii) Increased disturbance frequency, size, or severity
iii) Compound disturbances

Disturbance and environmental context are well
aligned with information and material legacies

N

Historical climate

Critical transition

iv) Warmer climate

Stability dom 1 Stability dom 2 Stability dom 1 Stability dom 2
Forest Non-forest or Forest Non-forest or
different forest different forest

Figure 2. Conceptual representation of forest ecosystems (black ball) within a theoretical
landscape of alternative ecosystem states (walleys separated by peaks). (a) Forests are
resilient to disturbances lying within the safe operating space, indicated by disturbances
that may mowve the system but not cause it to shift to another state. (b) Forests are likely
to shift to a different state in response to four hypothesized mechanisms (i—iv) that

mowve a system outside its safe operating space and trigger a shift to a different forest or
non-forest state.

Johnstone et al., 2016.



El Cambio Global/Climético

- Cambios zonas biogeograficas para mitad de s XXI - Cambios
distribucion habitats de spp = Debate de migracion asistida de

spp/poblaciones

. Always Appeared
Sometimes Appeared
Not Appeared & A A
.Always Disappeared °:_ SN
. . - 2 5 ‘e
Sometimes Disappeared * ' \ ) -
Not Disappeared L‘ - r
» g o' & . ’
\ % X, v, = ' -
e ‘ & \.. [ . S “ % ' )
- ’ - ] % . . :‘ {
t\ »
N “ . :
b it A b Area mantenda
TRy & Disminucion de drea (extincion)
flot 25 Area expandida (colonizacian)
&R
R W

Soteriades et al 2017 Environ. Res. Lett. 12 084002
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Aspectos hidro

RELACIONES Bosque-agua

ogicos en Repoblaciones For.

Figure 3.8 The water cycle. Water can follow a number of different pathways through a river basin.

SISTEMA
BIOFISICO =
: ) Precipitation
I ')
G2
A \ Evaporation: interception
\ and transpiration
| )
| ‘ i
Infiltration , , b
into soil N \ AP
; [ L% r
“o_  Overlandflow o NEFS
Water table — L X
3 Sollinterow o5 g
-\\ ’,' |‘. P
Groundwater flow \ o ¢
Forestry Commission, 2011 Stream

. &’}w .

Evapotranspiration 524 mm

\ 4

Precipitation 647 mm

78 mm

P: 647 mm

ET: 524 mm (81%)
R-O: 78 mm
G-W:45 mm

Surface runoff

[

Evapotranspiration 18 mm

Groundwater
45 mm
1
/
&
o
A ~___6mm o g';?’f,
5 &/
2E ¥
ElE &
Wfﬁ Human use
18 mm 27 mm
A
Indoor ‘Outdoor
4 mm 23 mm
/
g A N A
= 4
o =
3f 2
Snow ) =
<
/ ['4 <
/

A
AANANAAANN it AAAN
AAAA)\/\AAAA/\%“’\%\ AAAAA

........

aquifers

a
Stream ﬂow/
82 mm
Instream flow

SISTEMA
SOCIO-ECOLOGICO

Valley lakes &
Okanagan River

W needs:
Stream flow
82 mm

27 mm




Aspectos hidrolégicos Bosques-agua en drylands

A . 1.2
o | & Water limit
[ I 10
- < O
[ - — -‘---"
2| 2
w | € 06f
c Q
@ =
o| B 04r . PET/P>1
E S g3 energy-limited;  water-limited
o catchments catchments
0.0 .
0 1

Dryness index (PET/P)

>

Warmer and/or drier

Limite de energia: AET = PET
Limite hidrico AET =P

Una cuenca no puede superar la linea azul
a menos que haya una entrada adicional

de agua mas alla de P.

« En climas semiaridos,

> JVP+PMTMET=>

> Bosques tienen un > impacto relativo
enla ET

- Agua Verde >>> Agua azul
P:305 mm; ET: >90%; RO: < 5%; GW: resto

ET=T+It+Es+Eo

Evaporation &
transparation
(254 mm)

Groundwater recharge

Drainage area = 150 km? Sics. Ehdisised



Aspectos hidrologicos en Repoblaciones For.

Global distribution of study cases providing data on changes in water yield following forest restoration or forest cover expansion. The pie charts indicate the distribution of
water yield responses reported in the studies from the different regions. Red represents a negative response, green a positive response, and purple mixed results. Neutral
response is represented by light blue. Source for the world map is the US National Park Service (Natural Earth physical map; https:/iwww.arcgis.com/home/item.htm(?

id=cdec722a1cd34cf0a23904aadf8923a0).

(A) (B)

" Positive ®Negative ® Mixed ® No change ®Unclear

Fig 3. Water yield responses measured directly. Percent distribution of results in
measured changes in annual water yield/channel runoff (n = 308) (a), and baseflow

https://doi.org/10.1371/journal.pone.0183210.9003

Water yield response
Positive

Negative

Mixed Oceania »
Neutral

Unclear

doi: https://doi.org/10.1371/journal.pone.0183210.g011



Aspectos hidrologicos: Repoblaciones maduras La Hunde (V)

C_84%
L_68%
M_50%
H_22%
H98_41%

100
100
100
100
100

39.6
33.5
25.9
12.4
27 1

T 1>30c
m
20.7 BRR

17.1
11.7
16.9
10.9

E

26.3
23.8
32.9
28.8
29.6

0.15
0.34
0.42
0.72
0.48

P: gross rainfall; It:
interception loss;
T: stand
transpiration;
l,30em: deep
infiltration; E:
evaporation from
soil, litterfall and
grass/scrub
transpiration. ET
total: summing up
of the
evapotranspiratio
n terms; B/G: blue
(deep infiltration)
to green (total
evapotranspiratio
n) ratio

Soil water content, proportion of Field Capacity

Soil water content, proportion of Field Capacity
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Aspectos hidrologicos. Ej. Recarga de acuiferos




Aspectos hidrologicos. Ej. Recarga de acuiferos
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Fig. 93. Numero medio de dias con precipitacion > 10 mm en invierno.
Numero médio de dias com precipitagao = 10 mm no Inverno.
Average number of days with precipitation = 10 mm in winter.

Gulf of Cadiz

D. Pulido-Velazquez et al. / Journal of Hydrology (2017)

174 254 334 413 493 573 653 733 813
Mean recharge (mm year")

Min.: 15
Med.: 116
Mean: 139

5
<

(\/) Balearic Isl:

b
@O Om © (@m (a) low to moderate permeability pre-Triassic
metamorphic rocks, granitic outcrops, and Triassic to
loow ” Miocene marly sedimentary formations;
i AW ’ (b) moderate to high permeability Palaeozoic to Tertiary
/\ Europe carbonates;
S (c) moderate to high permeability Plio-Quaternary
; { detritic materials;
''''' e (d) Triassic to Miocene evaporitic outcrops.

Maditerrancan S



» Espesuras, especies/procedencias, superficie no forestal,..

* Momentum + CC + densificacion bosques = revisar dogmas para:

* Proteger el suelo

* Mejorar el balance hidrico

* Biodiversidad,

e Secuestro de C en suelo,

* Conectividad, etc.

* Mejorar la resiliencia al clima y adaptacion climatica

* Disminuir la susceptibilidad al riesgo de incendios forestales y otras perturbaciones con

regimenes alterados

Rey Benayas, et al., 2016. Guia para la
plantacion de setos e islotes forestales en
campos agricolas mediterrdneos.



https://www.custodia-territorio.es/sites/default/files/recursos/fire_guia_restauracion_setos_md.pdf

Elements of the Forest Landscape Restoration Framework

« e 7/ RESTORING Benefits for people such as:
ReVISlon de dogmas Products for food and raw materials;
Reducing risk of landslides;
Providing recreational areas;
Providing clean water.
Environmental functions such as:
Hydrological cycles;

..... accepting the trade-offs that Habitats;

Nutrient cycling;
result. Soil stabilisation;

Carbon sequestration.

Timothy Pearson, T., Walker, S., ' CONNECTING Forest fragments and creating links
Brown, S. 2006. Guidebook for the between pfotected areas and
Formulatiqn of Aﬁforestation and well-managed forests.
Reforestation Projects under the |
Clean Development Mechanism REDUCING Vulnerability of forests and biodiversity
ITTO Technical Series 25 to threats such as: i cha ’
disease and fires.
PLANNING, IDENTIFYING Solutions that are acceptable to all; Root
AND ADDRESSING causes of forest loss and degradation

in order to reverse trends through:
Consulting and involving local people;
Changing policies related to land use;
Replacing harmful incentives with
more positive ones;

Informing and training people;
Building capacity;

Recognising traditional values.

| VALUING Forest goods and services in order to
quantify and evaluate how stakeholders
can directly benefit from these.




Revision y congruencia de objetivos

Aspectos biofisicos 12

Vulnerabilidad 2>
margen de accidn

- Forest Non-forest or I
different forest

current

stability
domain
stability @

alternative
domain

<—resilience»

Nagel et al., 2017; Peterson & Nagel, 2018

Spectrum of Adap

Promote
change

Maintain
current
conditions

istance

tation Options

Intentionally accommodate

change and enable ecosystems to

adaptively respond to changing

ransition

(Response)

and new conditions

esilience

Accommodate some degree
of change, but encourage a

I I § II or

desired reference conditions
following disturbance

Improve the defenses of the forest against
anticipated change, or directly defend the
forest against disturbance, in order to

maintain relatively unchanged conditions

Reduce climate

change impacts

>
Facilitate adaptive

responses




Revision y congruencia de objetivos

Aspectos socio-ecoldgicos

S.C Cunningham et al / Perspectives in Plant Ecology. Evolution and Systematics 17 (2015) 301-317

a) Carbon cycling
BIODIVERSITY

FIELD NPP
(LOtChatyrt)®

REFORESTATION

biomass
(150t ha?)?

NPP
(0.5t Chatyrip®
biomass litter inputs '
(5 thatf \ ’ A

05tha®)® (sthat)f

WATER
QUALITY
b) Water cycling evapotranspiration
(+ 100-450 mm yr?) &
FIELD t REFORESTATION

evapotranspiration

CARBON SEQUESTRATION

Cunningham et al., 2015

rodels of (a )utboncydtnz nd(b)w mcythnunneldund after reforestation. Differences in arrow width between an agricultural |

ack) indicate the relative a stock fi rdmoon. NFP “net pnmxy wodunm Estimates for stocks and
s are given in brackets whereas nlychami water cycling f ol d. These were d from lhe fol

al. (2011 “Bondean et al (2007 Previtzer and Euskirchen (2004): *Hagen et al (20101 "Benfield (1997 £Zhane et al. (2001 Macks




Aspectos Técnicos Revision de técnicas

PLANTATION MAIN SELECTING

PERFORMANCE FACTORS METRICS

Technical project

l E (decisions & stipulations)
e.g., species selection,
DESIGN ecological zoning, etc.

Works implementation

[ < Site preparation
= ) ¢ riaptine quaity
e Cultural treatments

Stock Quality
* Seed source

Performance Indicators * Material attributes
= Mortality rate * Performance attributes
= Poor growth
= Failure to address Site Quality
specific goals, etc. = Physiography
Soil
* Pre-existing Vegetation

‘ Weather

Planting weather
= Post-planting drought




Revision de técnicas. Un ejemplo en Vlcia.

=g s < : J,,J ‘:‘ = 4 \, (1N ) = ’5’," .- s g S ~ _ jJ "/" N NS N - oz = = ‘J'!‘; N \7\7\‘ . “ ; =8
: \ orog,i \ ( N
T 2008 | MORT7200§ = ”MOR\T 2018
— —§
= N . - e B
B « . [ 40
% :Z £ % 50
\",,_Fffgo“PE na | o % EE % o
| / ‘ I NG 7- 100 i = ?ZD

)/
0 187,5375/ 750 1.125 1.500
L= m

Del Campo et al., 2021

* El margen de mejora técnica = del 10-22 %
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Revision de técnicas: Seleccion de especies con base ecofisiologica (no
ﬂoristica) Choat et al., 2018, (10.1038/s41586-018-0240-x)

Tr_*

Physiological traits (leaf) Morphological traits (shoot) o 98
* Stomatal regulation * Stomatal anatomy 90 9(
* Turgor loss point * | eaf vein density . ::Adgg g;l?y);?rs =
* Cuticular conductance * Total leaf area 80 gmgg {:: %‘r“éfgfo"n
* | eaf shedding/drought deciduous e
e | eaf to sapwood area ratio = 70 - 41]
Physiological traits (common) Efc,
* Vulnerability to cavitation %‘ 60 |
(¥ Yo Yoo) Xylem anatomical traits ‘g‘
* Maximum hydraulic conductance * Xylem conduit size, number and S 30 1 81]
* Capacitance and water storage connectivity =
* Cell membrane permeability * Pit membrane thickness/porosity 40 -
(aquaporin regulation) ¢ Wood density o 30 - m
Physiological traits (root) Morphological traits (root) A T A
¢ Cortical lacunae formation * Root to shoot ratio 10 - r 2 21
* Root shrinkage/hydraulic isolation * Rooting depth 2 6 12
* Soil-root hydraulic conductance * Fine root loss 0 . ) . 2 : - :
ARUN FROR JUPH PIHA PIPR QUFA QUIL
Fig. 3 | Tree hydraulic traits associated with drought-induced mortality.  relationships exist between traits, for example, variation in xylem
Trees use a variety of interdependent and coordinated morphological, anatomical traits (pit membrane porosity, conduit size and connectivity)
anatomical and physiological traits to mitigate water loss and the determine species and population-level vulnerability to cavitation.
development of increasingly negative xylem sap pressures during Note that this figure does not represent an exhaustive list of hydraulic
drought. This includes tissue-specific traits that function in the unique traits relevant to the response of trees to drought and drought-induced
microenvironment of roots, stems and leaves, as well as traits that are mortality.

common among most tissue types in trees. Many structure-function




Revision de técnicas: Seleccion de especies con base ecofisiologica (no

floristica)

Rasgos que relacionan las estrategias de sequia
y estrés hidrico con el rendimiento en
plantacion.
* Tipo de xilema: PR: anillo poroso, DP:
difuso-poroso y T: traqueida.
W50, potencial de agua que causa una
pérdida del 50% de conductividad.
*  Wmd potencial de agua al mediodia en
verano y / o plantas con estrés hidrico.
* gs, conductancia estomatica bajo estrés
hidrico.

Arbutus Juniperus Pinus Quercus ilex
unedo phoenicea halepensis
Type of xylem DP T T DP
Mean diam of early 20-502 22b 177, 22°b 50-1007?, 80¢
wood conduits, pm
Inter-conduit pit >10° 2% (0.6 torus 4-7°
membrane diam, um to pit apert.
overlap)
W50, -MPa 3.1 > 8 4.7 2.0
W . -MPa 4.0k 3.69, 7.5! 0.7 9,0.8% 1.99, 3.0,
3.5nm
gs, 20 27-35 12-15 65
mmol m2s1
Rooting depth Shallowk Shallow! Shallowacad Deepk
Embolism repairment Yes No No Yes-no




Revision de técnicas: tratamientos ajustados especie-sitio

e Zonificacion =2
Seleccion de especies

* Preparacion del sitio

* Plantacion — p——

uOR DF GANCIA

rostsiaL
esconits PORESTALEE

e Tratamientos culturales



* Hidrologia y Repoblaciones

SE relacionados
con agua

El
momento

REPOBLACION
FORESTAL

La

regeneracié
n natural

El cambio
climdtico

CC es ante

Las superficies a
todo agua

reforestar deben
velar porun
equilibrio hidrico

Conclusiones

: mas unidos que nunca
* La técnica se ha de basar en el agua

e Zonificacion

* Densidad de plantacion y la mezcla de

especies

e Justificacidon de tratamientos de

proteccion

* Optimizacion ejecucion segun fechas,
topografia, condiciones de humedad del

suelo, etc.

e Seguimiento (cuantificacion) del efecto
del proyecto y sus objetivos en el
sistema socio-ecologico
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