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Y Tt .
® Introduction

® The RVDM model description
® Model implementation in a case study

® Exploitation and discussion

Vegetation {WRV) Terrestrinl
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ggax ) INTRODUCTION

-

® Riparian ecosystems are important by their self
and for their ecological services

® River hydrodynamics determines the riparian
vegetation distribution ...

® ... and viceversa

| RIVER
HYDROLOGICAL AND
MORPHOLOGICAL

L CHANGES

RIPARIAN
VEGETATION
DYNAMICS
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sga ' INTRODUCTION
¢

Different recent modelling approaches available:

Hooke et al., 2005

Camporeale and Ridolfi, 2006

Perona et al., 2009

Benjankar et al., 2011— CASiMiR-veg (humid climates)
Maddock Ill et al., 2012

Garcia-Arias et al., 2013 — CASiMiR-veg (semi-arid
climates)

Ye et al., 2013

Garcia-Arias et al., 2014 — RibAV (semi-arid climates)
Etc.
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ggax _ SCIENTIFIC OBJECTIVE:
5

Y e To develop a flexible dynamic model of riparian

vegetation, with focus on Mediterranean semi-
arid conditions

® Merging and improving of two models:

& CASiMiR-veg, humid climate, retrogression by
flood destruction

& RibAv, semi-arid, retrogression by water stress

RIVER
HYDROLOGICAL AND
MORPHOLOGICAL

CHANGES

RIPARIAN
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888{ _ SCIENTIFIC OBJECTIVE:
5

Y e To develop a flexible dynamic model of riparian

vegetation, with focus on Mediterranean semi-
arid conditions

® Merging and improving of two models:

& CASiMiR-veg, humid climate, retrogression by
flood destruction

& RibAV, semi-arid, retrogression by water stress

The Riparian Vegetation Dynamic Model (RVDM)
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ggax ) THE RVDM MODEL DESCRIPTION

-

® Modular structure
® Temporal resolution - daily time step

® Distributed in small cells > 0.5 - 2 metres
(height influence)

® Vegetation state variables:

A o o o —

® Biomass estimations
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g(éax > SUCCESSIONAL PLANT FUNCTIONAL TYPES (SPFTs)

| . .
& SPFT — Main state variable of RVDM

& 2 Riparian succession lines: Reed (RE) and
Cottonwood (CW)

¢ 1 Terrestrial (TV) — zonal vegetation

PSel Pee W
— Potentiol Reed M  Pioneer » Herbaceous [-——-——-——- g
seltlernent conditions Reed Reed !
¥
BS FSuC Frw Hew Wiy J Woeer
soil » Potentiof Cotbonwood — Pioneer |—» Herboceous [— Woody Woody Mixed
setifernent conditfons Coltornwood Cotonweood Cottonwood vegetation
¥
PSC Pry Hyy Wiy
—» FPotentiol Terrestricl | —» Ploneer |—» Herbaceous | Woody
settfermnent conditions Termestrial Terrestricl Terrestrial
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ggax _ THE RVDM MODEL DESCRIPTION
5

YV~ & RVDM — Modular structure

_________________ - @ ————————— e
E INITIALCONDITION : E TIME SERIES AND MARS i
: SPFTs Map ' ; Hydro ogical, hydraulic, meteorological :
! Bicmass Map ! ! and morphclogical 1
Lboooooos T _______ =t loocoooooo oot e e o oo 1
1
|
e N N B
i IMPACTS EVOLUTION COMPETITION
! 1. REMQVAL 3Y FLOOD 4. RECRJITMENT 7. CHANGES BETWEEN RIPARIAN
: 2. ASPHYXIA BY FLOOD — 5. GROWTH —> SUCCESSIGN LINES
: 3. WILT BY DROJGHT 6. SUCCESSION / 8. TRANSITICN TO TERRESTRIALS
I RETROGRESSION
O\ J J y,
|
[

e e e 4 FINALCONDITION i
: SPFTs Map I' 2
L Biomass Map :
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888.‘ _ THE RVDM MODEL DESCRIPTION
o

I ® MODULE 1.- IMPACTS —s effect of the hydrological

extremes over the vegetation

KM PACTS\

1. REMOVAL BY
FLOOD 5

2. ASPHIXIA BY
FLOOD

QLT BY Dnouy
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888.‘ _ THE RVDM MODEL DESCRIPTION
o

I ® MODULE 1.- IMPACTS —> effect of the hydrological

extremes over the vegetation

& Biomass remain — B(t) = B(t-1) - (t)
@ Parameters: minimum and critical values to mark
out the impact
& No impact
& Limited growth
& Biomass loss
& Plant death => retrogression to bare soil

& Biomass loss function, (t) — linear
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888{ _ THE RVDM MODEL DESCRIPTION
o

extremes over the vegetation

o
o
o
o

& Effects of the removal - f(water shear stress)

I ® MODULE 1.- IMPACTS —> effect of the hydrological

No
impact Biomass loss Death
LINEAR @ ;
BIOMASS LOSS g ¢ r(t) T,
FUNCTION 08 | gz (t) = .
=06 5
np !
0.4
= ~ Minimum
Critical
' /m?
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g(é‘ax _ THE RVDM MODEL DESCRIPTION
ra

Y& ASPHYXIA BY FLOOD — number of days thatZ,, > Z,

® 7 >or<Z?— SPFTs parameter

T ;” 7 T Q;o -7
S\ QY
XNE SN ZE
S 4 Z. SSWC7 Z,,(1)
Z,— Zs
: A : —,
radills o] =
s s Z(t)

Mg,
i
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88&‘ _ THE RVDM MODEL DESCRIPTION
r

E

1 @& WILT BY DROUGHT — number

of days that T(t)=0

E(1)

=> Hydrological submodel l‘

WATE R F LUXES —> Static storage

b4 —————— e e
5 A l
Green arrows !
|
represent the 2 p|!
o e |
actual ET 3 |
I |
E - l ______
1]
L
o
Cwi(t)
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888{ _ THE RVDM MODEL DESCRIPTION
5

Y & MODULE 1.- IMPACTS — effect of the hydrological

extremes over the vegetation

& Effects of asphyxia — f(Z,,)
& Effects of wilt — f(T)

Limited
growth Biomass loss Death
LINEAR < >< ><
BIOMASS LOSS
FUNCTIONS
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888.‘ _ THE RVDM MODEL DESCRIPTION
5

" ® MODULE 2.- EVOLUTION - colonization and
development of the vegetation

GO LUTIb

4., RECRUITMENT
5. GROWTH
G. SUCCESSION/

"/
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888.‘ _ THE RVDM MODEL DESCRIPTION
'l

& MODULE 2.- EVOLUTION - a) RECRUITMENT

® Presence of available seeds: BS = PSC
& Germination of the seeds: PSC> P
& Establishment of the seedlings: P 2> H

PRESENCE of available seeds — controlled GERMINATION of seeds — requirements of
by seasonal timing and floods occurrence temperature, oxygen, moisture and light
(time and magnitud) . 1emperat“re = Temax > Tmaxlt) > Tin(t) >
& Autumn-winter floods are destructive ® og)T\l,ngen —2Z.22Z,,(t)
& Seeds dispersal & Moisture — H(t)2H__..
& REED — requires spring flood @ Light — PAR thresholdsPRE_T\, or Pew.tv

ESTABLISHMENT of seedlings — controlled by pioneer’s transpiration , the number of
days necessary for establishment (NDE) and the time since germination (TSG)

# TSG 2 NDE — There are possible cases: ZT(t)ge vs ET(t)7y vs ET(t)cw
# P - H then Successful RECRUITMENT
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ggax _ THE RVDM MODEL DESCRIPTION
ol

& MODULE 2.- EVOLUTION = b) GROWTH
& Leaf biomass dynamic based on Light Use Efficiency
z—? = (LUE - ET,, (t)- APAR(t) - Re(t))- ¢, (t —1) -k, - B(t 1)
j T(t) WATER Logistic component
ETio(t) = cv ET, (t) - E, (t) < @ LAI (t)
' @ (t)=1- LAl
Particular cases where biomass does not grow
& Ift(t) 27, > B(t) from 1a.REMOVAL BY FLOOD
& Ifz,, 22 - B(t) from 1b.ASPHYXIA BY FLOOD
& IfT(t) = 0 - B(t) from 1c.WILT BY DROUGHT
L; lilama
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) THRESHOLDS 1

SUCCESSION RETROGRESSION

B_. minimum biomass Age . maximum num. days

min

Age, minimum num. days

& Affects to each succession line
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ggax _ THE RVDM MODEL DESCRIPTION
5

Y @& MODULE 3.- COMPETITION — changes between
successional lines and transitional areas

G

COMPETITION

7. CHANGES BETWEEN
RIPARIAN SUCC, LINES

8. TRANSITION TO
@ESTRIALS /
<
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888.‘ _ THE RVDM MODEL DESCRIPTION
'

SUCCESSION LINES

Hy

Herlecpouw  [-—————— g
Feed !
v
Wy
Whady
Cottomwoed

l Coexistence
HRE - Pcw
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1 ¥ COMPETITIDAL:

# Seeds presence
* Tgmax > Tmax(t) > Tmin(t) > Tgmin
¢ 227,01
® H(t)2H,,,
Wow WS
. |A
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ZTHRE A ZTHCW
B(t) vs Bminycy

<

'@ MODULE 3.- COMPETITION — a) CHANGES BETWEEN RIPARIAN

& TSG=NDE

i

Competition

HRE' ch
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888.‘ _ THE RVDM MODEL DESCRIPTION
'

V@& MODULE 3.- COMPETITION — b) TRANSITION TO TERRESTRIALS

Wor [ W
lerborenus Woody [ Woody Mixed
¥
Wy
Woody
Terrestriol
W cW q AgeTransi‘ » W cWwW
2ET 4 \
W
Wy 4 t . toTV AV 'w
Sineniitogtinh = WTV — WTV
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STUDY SITE DESCRIPTION

o Yo
/j,

N

BS - PSC
Pre

FPow

| Ptw

Hra

How

U Htv

Wiow
Wmwv
Wity

BE

Terde reach (Mijares River, Spain)

# Altitude: 850 m.a.s.l. “; o
® Length: 228.5m Ty
& Basin area: 665 km? 3_35
& Average Qg : 0.855 m3/s \
® Near natural conditions: ;:-f
p—— Willows and poplars are dominant "~---..\_%

=
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gté‘ag MODEL INPUTS DEFINITION

P
\,j‘ Hidro-meteorological data

J 2 pom | | Time period:  P=506 mm/year
! o mm} |
. | 1949 - 2009  ET, = 843 mm/year
| —‘:
T ﬂ _‘! Typical Mediterranean and
y semiarid environment
15| | V) 7 7
J ."\N' ]II! .\.'I"LR -.-il.’i.l. \i.u‘l."l" -J.E .".;4: IJ.I-‘I:.. :'Lh“ HII’ Ill?t' - I'. !?;151-\4-" III:IEI '.l.'
|T5' T T T T T T T T T EEEE
150 o |
_ bs| - — Qi) 1900 °
= 100] 1400 2
S 751 1300 -
50! 1200 ~
25 1100
wa m \ ud J--- Il; 0
1950 1955 1960 1965 1970 1975 1980 1985 1990 19495 2000 2005 2010
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égax > MODEL INPUTS DEFINITION

Legend
X soil sample

I soittype 1
I scittpe 2
Solltype 3
[ saittype 4
Il scitoes
B sittype &
B soittpe 7
I scittype s
I soitype e
[ soittype 10

Soil types
parameters
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N\ —" # The substrate is varied: fine gravei, gravel, cobbles, scattered boulders

Soil samples
Mijares-Terde

(30-60 cm soil depth)

Field Capacity Moisture [ ] (Typical value, moisture to 33 Kpa)
Porosity | ]

Soil Saturated Hydraulic Conductivity [mm/hr]

Bubble pressure [Kpa]

Porosity index
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> MODEL INPUTS DEFINITION

VX Yo
/j,
1:-

G49.8
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Topographic and hydraulic maps

*‘__ DEM (m.a.s.l.)

h_

T (N/m?)
Z,.(m.a.s.l)

: H PG
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Sg3[ ) _CALIBRATION AND VALIDATION METHODOLOGY
/—/;#G I‘l\l A l 'I'II\IIE DEDIARNC
\ AL/ V 1HIIVIL FERIVUO
& CALIBRATION: FT—

& |Initial condition: 2000 - 2006
« SPFTs map — Jul-2000

» Biomass map — internal rules Validation
. ... . 1985 - 2000
& Final objective condition:
SPFT — Aug-2006 1985 = 2006
‘ > Map = Alg- 1985 — 2009

& VALIDATION: 2000 - 2009

& Initial conditions:
« SPFTs maps — Jul-1985 and Jul-2000
« Biomass maps — internal rules (1985,2000)

& Final objective conditions:
« SPFTs maps — Jul-2000, Aug-2006 and Dec-2009
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\ IVIODEL PERFURIVIANCE EVALUAITION
SIMULATED SPFTS Correctly classified
Instances:
&
& 1 &
Ll
: . CCl = | 22X
O Confusion N <= ™
g matrix
Kappa coefficient of £ _ ¢ £ —CCl :Zn:X--
agreement: k= 0 e =
1— fe fe:in-C-
CONSOLIDER = N I =1 | |
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883; ,)Q : RESULTS
N MODEL PERFORMANCE
ME PEriop  CBVECTIVE STATE VARIABLE
FUNCTION  SPFTs  PHASES LINES  RI-TV
2 0002006 0.679 0.761 0.726 0.805
U KAPPA 0.602 0.474 0.617 0.588
2000 - 2008 C 0.497 0.656 0.551 0.618
KAPPA 0.382 0.248 0.356 0.367
5 1085 - 2000 C 0.407 0.789 0.452 0.454
E KAPPA 0.313 0.605 0.279 0.339
g 1685 — 2006 ccCl 0.473 0.759 0.525 0.565
g KAPPA 0.349 0.472 0.311 0.339
1085 - 2000 0.380 0.654 0.439 0.508
KAPPA 0.273 0.248 0.191 0.247
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RESULTS

/_/; MODEL PERFORMANCE : CALIBRATION 2000 - 2006

wn

PFTs

BS - PSC
PRE
PCW
PTV
HRE
HCW
HTV
WCwW
WMV
WTV
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Sga[ > RESULTS

\/j MODEL PERFORMANCE : CALIBRATION 2000 - 2006

PHASES

185 - PSC \.
[ ]PIOMEERS

[ IHERBACEOUS

B v O0DY




ggax ,)‘ RESULTS

/_f; MODEL PERFORMANCE : CALIBRATION 2000 - 2006

LINES

[ IMIXED
[IREED

B COTTONWOOD
I TERRESTRIAL
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-\/_/; MODEL PERFORMANCE : CALIBRATION 2000 - 2006

RI-TV

[ IMIXED
B RIPARIAN
B TERRESTRIAL
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ggax f), DISCUSSION

2\
& Natural variability of the river hydro-morphological

conditions — temporal and spatial variability of
vegetation — model with a high spatial and temporal
resolution

& RVDM integrates and improves the strengths of
previous models
& Physical and ecological processes are efficiently represented
& Morphological changes can be included off-line

& Satisfactory performance once the influent parameters are
calibrated

# Good quality of the validation results — robust model
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ggax})‘ DISCUSSION

1 & The model implementation is not difficult — data

requirements are limited and accessible in general

& But, a standardized method to obtain vegetation
maps from aerial photographs is desirable

¢ Model exploitation: necessary to have a tool capable to
predict the riparian vegetation response to its driving
forces, as far as these drivers can change in the future:
& Analyze global change impacts
& Meet environmental objectives
& Compare restoration initiatives
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ggag ) EXPLOITATION
xﬁ/‘ Riparian Vegetation under upstream dams

Drivers of change
¢ Hydrological regime change
¢ Floods magnitude reduction

CONSOLIDER
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# Floods frequency reduction SPFTs # Riparian areas reduction
. resence and biomass
& WTE stabilization % e (p )

Final SCARCE Int. Conf. 20-21 Oct. 2014, Tarragona, Spain.

Impacts and Vulnerability

¢ Increase of terrestrial
vegetation presence

# Aging of the ecosystem
# Reduction on plant diversity

= Changes on the shadowing
capabilities of the canopy

= Worsening of the ecological
status of the river
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g

=
o

Drivers of change

¢ Temperature increase

¢ Precipitation regimes change
¢ Flow reduction

¢ Changes in extreme events
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Riparian Vegetation under Climate Change

Impacts and Vulnerability

¢ Riparian areas reduction

¢ Increase of areas with bare
soil

# Increase of terrestrial
vegetation presence

# Earlier successional phases
unfavoured

— Reduction on ET capabilities

= Gradual changes in riparian
ecosystems
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