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Agua y sedimento cambian con el paso
del tiempo, y como una consequencia,
la forma del canal del rio cambia
tambien. Los canales de hoy son
diferentes a los del pasado.

La decision para cambiar las condiciones
actuales es una decision hecha por
ciudadanos informados por la ciencia.

Condicon actual
Condicon actual

deteriorados

El reto de revertir las condiciones
no deseadas

The challenge of reversing
undesired conditions

para la restauracion

Condicon actual
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data source:

Riggs and
Harvey, 1990
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Rio 27.2 m3fs -
Grande /
Rio Bravo !

37.3m3fs

Hubo bastante
reduccion del
caudal en la region
alta del rio antes de
1915.

Flujo annual antes de
1915 (avg.)
35.2m3/s
(IBWC/USGS data)

Rio Grande at Otowi, NM (Natural Flows) | Rio Grande / Rio Bravo
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! Rio Colorado.
80% Confidence Interval
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(Woodhous
eetal,

2006; Meko
et al., 2007)

29.5 M3/s

Lowest Observed = 87% of 19062004 mean
L L

nual runoff
m/yr

Areas de mayor
escurimientos :

Monfafias Rocosas
Centrales y del Sur(nieve)

Lianos del Sur (E.U) y
Planicies de la Costa
Atlantica (Golfo de Mexico
y Oceano Pacifico)

! erminar !

forma precisa el
regimen de
caudales natural
de algunos rios ...

23.9 m3/s (z

73-9 M3/s (2902-1913)

Context for gaging
station
measurements:

well described free-
ring hydrology has
been extended
back to 762 AD for
the Colorado

,/

1200

L
1600 1800

Rio Colorado

Gaging measurements began in the early
20" century and preceded large-scale water
development; thus, the characteristics of the
3 = s wild river are known.
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Monthly mean discharge at three gaging
stations on the Colorado River
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de que se instalaron estaciones afol

Santa Fe

1815 - imigation near Socorro

90 - 50% more imigated land in San Luis
Valley than in all of New Mexico

Rio Grande / Rio Bravo

Earfiest gages began in 1889

oservaqones !

campo, y escritos
son una
perspectiva
importante

1860s to 188

Side-wheel steamboats,
with draft < 0.6 m, were
primary means of
hauling freight on lower
river until Santa Fe
rairoad reached Yuma
in 1877 and Needles in ‘e
1889. el foSm bl
T Rio Colorado

(Mueller and Marsh 2002)
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Rio Colorado

ientificos y i
constituyen una buena
evidencia delrio en el
[efeNeleloN

Green River, Canyon of Lodore (1871)

o,
Marble Canyon, 1872

Colorado River
delta (Sykes, 1937)

naturales

—>

Cuanto difieren la condicion
actual de la pasada?
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(Grams and Schmidt, 2005)

Green River in Browns Park

WAy oame

Green River near mouth of the San Rafael

(Allred and Schmidt, 1999)

Santa Elena Canyon (1901) ; ; : " .
o (9 Vista aguas arriba de Boquillas, Mexico

Hot Springs @anyon (1901)

Green Riverin
Browns Park; no
bed incision; large
flood reduction;
20-30% narrowing

Narrowing in the Green River



Green River, Canyon of
Lodore, Dinosaur National
Monument

Pre-dam to post-
dam: 22% narrower

(Grams and Schmidt, 2002)

Rio Grande / Rio Bravo

s Rio
completed in 190 so on the
Gil N si

created the first major storage reservoir asin
and was completed in 1911.

The first dam spanning the Colorado River was Laguna
Dam (3 m high), built in 1909 to divert water to the Yuma
Main Canal.

ndo fueron construidas.
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Cambio del
paisaje del Rio
Bravo

Rio Grande / Rio Bravo

deteriorados

S EE—

3Cudndo cambid el canal?

Mean annual runoff
Major dams and
diversions in the

Colorado River basin

There is more water in the
upper basin than in the
lower basin. Most of the
water still flows
downstream to meet the
needs of large diversions

54% of total runoff at Lees Ferry in
already in the channels of the upper

) Schmidt (2008), data adapted from loms et al. (1965)
15% of the basin
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en los caudales han ocurrido.
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DAY OF THE YEAR

Rio Colorado

Grandes Represas terminadas
en 1916

La Bogquilla
2.90 X 109 M3 capacity

USBR photo

Elephant Butte Dam
2.93 X 10% m3 capacity

Rio Grande/Rio Bravo

El Rio Bravo y el Rio
Colorado tenian una
carga grande de
sedimento antes de
la agricultura. Esto los
convertia en rios
cuyos ecosistemas
eran altamente
dependientes de la
fluctuacion de
sedimentos y
caudales.

emision de sedimentos de la cuenc

Estimated average suspended sediment discharge ~1700, before
significant human impact (Meade et al., 1990)

5/26/11

Colorado River at Yuma
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illustration

Factors that induce Factors that induce aggradation:

degradation: less stream flow; smaller floods

decreased sediment supply

increased grain size of
sediment supply




sediment is released downstream, but in some places

alesfory
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— Annual fine-sediment load
03mmt  (25km n
4mmt  (170km
— Pre-dam loads were 35-407
(Topping et al., 2000) o

Rio
Colorado

bevm:uucién acumulacién
~a = T

e
sedimento  sedimento
Sediment Supply

-«

Sediment

(amount and Transport

size of sediment Capacity
supply) (flood

La region alta del rio corto su lecho hasta1 m
dentro de 225 km abajo de Elephant Butte Dam
entre ~1917 y ~1933. Abajo de El Paso/Juarez, el
lecho agrego ~o0.25m.

(Stevens, 1938)

... los afluentes contintan a contribuir sedimento.

Thus, the channel continues to fill with sediment.

flujos reducidos

flujos reducidos

vacuacién  acumulacién

- “‘"‘ 9

(amount and
size of sediment
supply)

de sedimento  d
sedimento
Sediment Supply

Sediment
Transport
Capacity
(flood
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Cambios al cauce cerca de Ojinaga, arriba del Rio Conchos

=Estos cambios ocurrieron
porque la region alta del rio

Superdvit de
sedimento

natura

2Coémo cambid el canal?

Large spatial scale analysis -- precise
evaluation of air photos helps in
interpreting channel change and the need
for restoration.
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Measured sediment evacuation and
accumulation, lower Colorado River
(Stanley, 1951; Borland and Miller; 160)
e ——————————— T
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o4z

‘Soptember 1849

250 200 150 100

Aerial Photograph Analysis

Stratigraphic and Dendrogeomorphic
Analyses of Floodplain Deposits

oo o e e e e e |

Detailed scale analysis: dendrogeomorphic
analysis of floodplain deposits

Rio Grande / Rio Bravo
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contacts are d

Guadaquavir

Friedman et al. (2005) — Stem-burial metho Dendrogeomorphic Anc”ysis of

Inset Floodplain Deposits

d anatomy to Castolon Trench
d anatomy
ertically
plain or bar La =
S ishment elevation, but do e Mexico
not ablishment elevation
"""’"’“‘\ _ et Flcodgian
requires more analysis time = less ; — ~
samples — = = h‘fsﬂac‘.m, —_—— =
I
* requi higher resolution floodplain NoversculBaggennden

stratigraphy

g 4 v
« isolation of individual flood events = M .‘\"‘"“'& ,_,__}’ ,Mj == g Jf»

more useful for scientists and managers o—— Bored Gerent

(Dean and Schmidt, 2011)
Rio Grande / Rio Bravo

¢;Como se estrecha el cauce ?
Invasive riparian vegetation enhances sedimentation,
decreasing channel capacity,

2008 creating a positive feedback of enhanced vertical aggradation

Grande / Rio Bravo Bend

« Channel narrowing resulted in increases in stage

*Overbank deposition resulted in additional vertical floodplain accretion

5m
No Vertical Exaggeration

« Dense vegetation increases sedimentation
Rio Grande / Rio Bravo

Dean and Schmidt, 2009



Rio Grande / Rio Bravo
General Model of Channel Change

@ Wide Complex Channel IO Before 1942
®) Channel Narrowing 1942-1970S

1978/1991
G2 Channel Resets V.Q> 1000 9781199

Erosion
Channel Reset
Gravel Bar

@ Rapid Narrowing and Veg Establishment 1991-2008

V200< Q<000

Rio Grande / Rio Bravo

The 2008 floods also widened the channel again!

General Model of Channel
Transformation

Do Consnciion
Historic Flooding, Narrowing + Vegetation [Narrowingl  Rapid Narrowing, vertical
maintanance 79 R floodplain accretion
channel of wide channel + + * non-native vegetation
T T
Positive Feedback
Reconstructed Trajectory of
Changes in Channel Width I\
?
Nogative Feedback Nogative and Positive Feedbacks IR
Relative Vegetation Density
[
900 1920 1940 1960 1980 2000

Dean, 2009

Inundaciones en el otofio de 2008 fue la 7 ° mds
grande y la duracién mds larga desde 1901. Etapa de
la inundacién era inusualmente alto.

Rio Grande / Rio Bravo

* Aguiding image exists

— Adynamic ecological endpoint is identified and used to guide the project

(Palmer at al,, 2005)

5/26/11
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Big Bend Region

NATIONAL
GEOGRAPHIC 1, 2007
(proposed international peace park)

International

UNITED STATES

UNITED STATES ~

TEXAS

Rio Grande

MEXICO

Lt Loon Dum

Mexican and U.S. stakeholders in
meetings to discuss a vision for the
river and its future

Proposed
Ocampo Protected
Aea

Reversing channel narrowing
and sediment surplus

Zosotros, gente de dos naciones unidas anhelamos: oy Visién del rio Bravel Rio Grande
. - it osotros, gente de dos naciones unidas anhelamos:
% cauce de rio lateralmente inestable y dindmico, de miltiples <~ P osotros gemiERHE oS as as 0
ramificaciones, donde exista regularmente conversion entre los 0’0 o ) ) e -
hébitats del canal y la planicie de inundacién. Cuya amplitud de ” o) chnveaes il oo iierallente anesistile p dianmey d ol
movimiento lateral inestable no amenace a las comunidades o . A T Gt s coretsiilentrellog
b e e e hibitats del canal y la planicie de inundacién. Cuya amplitud de
- ~ movimiento lateral inestable no amenace a las comunidades o -
” . . estructuras historicas;
n rio cuyo corte transversal sea relativamente amplio y somero; N A A N
. stna comunidad de plantas riberefas diversas y distribuidas en 2n vio cuyo corte transversal sea relativamente amplio y somero;
mosaico donde no domine ninguna especie no nativa: a S
y Zma comunidad de plantas riberefias diversas y distribuidas en
2n hibitat acuitico que mantendrd y mejorar la presencia y ’ ‘ D G DGR L oo et TO TR
distribucion de la biota riberefia nativa, incluyendo las comunidades de : ) » N )
peces, macro invertebrados acudticos y otros componentes clave, 7n habitat acudtico que mantendrd y mejorard la presencia y
Tndicadores de I salud y funcion del sistema: distribucion de la biota riberefia nativa, incluyendo las comunidades de
peces, macro invertebrados acuticos y otros componentes clave,
%tn rio cuyos caudales mantenga la capacidad de su lecho, ezl el i Al ciéerm
consecuentemente reuciendo asi la amenaza de inundaciones de las o v o 7 iy
Tt I G rio cuyos caudales mantenga la capacidad de su lecho,
consecuentemente reuciendo asi la amenaza de inundaciones de las
2n rio que mejore el bienestar de los habitantes que viven a su orilla: TRl a b EpeHlshs
T - a %n rio que mejore el bienestar de los habitantes que viven a su orilla;
turistica y educativa, y promueva actividades de bajo impacto, como lo - ) ) \
son la pesca y paseos n balsas: rio cuyas cara naturales m A
turistica y educativa, y promueva actividades de bajo impacto, como lo
7n vio cuyas caracteristicas de calidad de agua cumpla o exceda los G R ey D S
estéindares estatales y federales de ambos lados de la frontera; ) )
%n vio cuyas caracteristicas de calidad de agua cumpla o exceda los
e S — estiindares estatales y federales de ambos lados de la frontera;

Laboratory experiments show that riparian vegetation
leads to transformation from a braided channel fo a
single-thread channel
Forma del canal de
proyeccion horizontal

(Brierley and Fryirs, 2005)

Empirical studies show that decreased flows lead to changes
from braided to single-thread channels

10
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Complex, heterogeneous habitat (aggregation of pools and riffles,
backwater) provide areas for spawning and rearing (Pearson et al, 1992)
sediment surplus

Channel-floodplain connection provides source of biological activity,
organic matter, and nutrients and habitat for rearing (Sparks et al, 1990)

+ Local scale solutions:

— Remove non-native riparian vegetation

emoval

— Remove excess sediment that is now in the channel

+ Watershed scale solutions:
— Reduce delivery of sediment to channel
— Increase the magnitude and duration of floods (pulsed flows)
— Change the timing of floods to favor native vegetation

Strategies for restoring lost channel habitat on the Platte River in Riparian vegetation in_CfeC'SG.S when ﬂ"e"e_ are steady
Nebraska (murphy et at., 2004) baseflows that are high during the growing season

1) Restore part of the former flood flows

2) Remove vegetation from part of the channel

3) Restore part of the former supply of medium sand

4) Widen part of the river in specific places

5) Block some secondary channels and focus flow elsewhere.

make base flows
| bl sy
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i -

Platte River Width Versus 1.5-Year Flood Peak
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DISCHARGE, IN CUBIC METERS PER SECOND
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+ Pre dam flood timing and seed windows for cottonwood and tamarisk and
reestablish floods

Timing of Annual Peak Discharges for Differing Managment Practices

25000

* Hand excavation

Pre-Dam - + Large equipment
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Trinity River, California
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1998 pre-freatment

2001, following a large dam release

Measurement of sediment mass
balance helps determine scheduling
of pulsed floods

Can erosion of steep hillslopes used
for agriculture be reduced?
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