
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ponencia del experto internacional en ríos Jack Schmidt 

sobre " Regulación de caudales, sedimentos y restauración 

fluvial" ofrecida en la Jornada sobre restauración de ríos 

organizada por la Consejería de Medio Ambiente de la 

Junta de Andalucía. Sevilla (26 de mayo 2011) 
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John C. Schmidt 

Utah State University 

The challenge of restoring 
rivers 

  
  

•  Caudal 
–  cantidad 

–  frecuencia 

–  Duracion 

–  momento 

•  Sedimento 
–  Cantidad 

–  tamano 

Forma del cuace fluvial y de 
la llanura de inundacion 

Vegetacion 
riparia 
nativa 

Usos del suelo 
locales 

exoticos 

Freatico 

Organismos 
acuaticos 

Confinamiento 
del valle Vegetacion no 

nativa 

Efectos de presas y derivaciones … 

Calidad del 
agua 
 
Temperatura 

Desconexion 
longitudinal 
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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. 

naturales deteriorados 
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mitigación 

rehabilitación 

restauracion 

? 

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

El reto de revertir las condiciones 
no deseadas  

 

The challenge of reversing 
undesired conditions 

naturales 
deteriorados 
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El contexto fisico de los rios 
naturales define las 

oportunidades y restricciones 
para la restauracion 
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data source: 

Riggs and 
Harvey, 1990 

Areas de mayor 
escurrimientos :  

 
Montañas Rocosas 
Centrales y del Sur(nieve) 
 
Llanos del Sur (E.U) y 
Planicies de la Costa 
Atlantica (Golfo de Mexico 
y Oceano Pacifico) 

 

Mean annual runoff 
> 10 mm/yr 
 

rio 
Colorado 

rio 
Grande / 
rio Bravo 

rio 
Conchos 
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Monthly mean discharge at three gaging 

stations  on the Colorado River
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Lees Ferry

Yuma

Topock

Rio Colorado 
Gaging measurements began in the early 
20th century and preceded large-scale water 
development; thus, the characteristics of the 
wild river are known. 

Es imposible 
determinar de 

forma precisa el 
regimen de 

caudales natural 
de algunos rios … 
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Hubo bastante 
reduccion del 

caudal  en la region 
alta del rio antes de 

1915. 

 
Flujo annual antes de 

1915 (avg.) 
  

(IBWC/USGS data) 
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… porque la gente ha manipulado el caudal de algunos rios antes 
de que se instalaron estaciones aforo 

1580 -- First observations of Pueblo Indian 
irrigation made by Spanish 

1598 -- irrigation ditch constructed near Rio 
Chama/Rio Grande confluence 

 
1610 -- diversions near Santa Fe 
1659 -- first diversions in El Paso/Juarez valley 
 
1700s -- expansion of irrigation after 

Reconquest 
1750 -- irrigation near Presidio 
1760s/1770s -- reports of overallocation on Rio 

Santa Fe 
 
1815 -- irrigation near Socorro 
1843 -- irrigation in Mesilla Valley 
1875 -- extensive irrigation begins in San Luis 

Valley 
1890 -- 50% more irrigated land in San Luis 

Valley than in all of New Mexico 
 
 Earliest gages began in 1889 Rio Grande / Rio Bravo 
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Context for gaging 
station 
measurements:  
 
well described tree-
ring hydrology has 
been extended 
back to 762 AD for 
the Colorado 

(Woodhous
e et al., 
2006; Meko 
et al., 2007) 

10/1/09 2:52 PMGoogle Image Result for http://treeflow.info/riogr/images/riogr.png

Page 3 of 4http://images.google.com/imgres?imgurl=http://treeflow.info/riogr/i…hydrology%26hl%3Den%26client%3Dsafari%26rls%3Den%26sa%3DN%26um%3D1

 TreeFlow Home - Basin Data Access - Background Info - Applications - Workshops - Colo. River
Paleo Perspective - Analysis Toolbox - Other Resources - About TreeFlow

Figure 2. Observed (black) and reconstructed (blue) Rio Grande annual flow, 1958-2002. The observed mean
is illustrated by the dashed line.

^ return to top of page

Long-Term Reconstruction

Figure 3. Reconstructed annual flow for the Rio Grande (1450-2002) is shown in blue. Observed flow is shown
in gray and the long-term reconstructed mean is shown by the dashed line.

 

Figure 4. The 10-year running mean (plotted on final year) of reconstructed Rio Grande flow, 1450-2002.
Reconstructed values are shown in blue and observed values are shown in gray. The long-term reconstructed
mean is shown by the dashed line.

^ return to top of page

 

(Woodhouse, Lukas) 

Rio Grande / Rio Bravo 

Rio Colorado 

(Mueller and Marsh 2002) 

1860s to 1880s: 

Side-wheel steamboats, 
with draft < 0.6 m, were 
primary means of 
hauling freight on lower 
river until Santa Fe 
railroad reached Yuma 
in 1877 and Needles in 
1889. 

Rio Colorado 

Los mapas, las 
observaciones de 
campo, y escritos 

son una 
perspectiva 
importante 
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Marble Canyon, 1872 

La literatura, los escritos 
cientificos y las fotografias 
constituyen una buena 
evidencia del rio en el 
pasado. 

Green River, Canyon of Lodore (1871) 

Rio Colorado 

Green River in Browns Park 

Green River near mouth of the San Rafael 

El Rio Colorado del 
pasado … 

(Grams and Schmidt, 2005) 

(Allred and Schmidt, 1999) 

El Delta del Rio 
Colorado en Mexico  

What was … 
! … a vast gallery forest of cottonwood and willow 
in the north, interspersed with wetlands containing 
cattail and common reed in low areas and 
mesquite bosques on higher terraces.  
!   
! Large expanses of salt tolerant vegetation such 
as salt bush, salt grass, and arrowweed were found 
throughout the delta 
! endemic salt grass, D. palmeri, dominated the 
estuarine zone.   

! Beaver, jaguars and deer were still found in the 
delta when Leopold visited [in the 1920s] 

(Glenn et al. 2001) 

Map of the 
Colorado River 
delta (Sykes, 1937) 
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Cual es la condición actual? 
 
Cuanto difieren la condicion 
actual de la pasada? 

   

   

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

(Grams and Schmidt, 2005) 

Narrowing in the Green River 
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Green River, Canyon of 
Lodore, Dinosaur National 
Monument 

(Grams and Schmidt, 2002) 

1871 

1993 

Pre-dam to post-
dam: 22% narrower 2008 

~1945 

Cambio del 
paisaje del Rio 

Bravo 

Rio Grande / Rio Bravo 

1937 

2008 

Rio Grande / Rio Bravo 

naturales deteriorados 
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¿Por qué cambio de cauce? 
 
¿Cuándo cambió el canal?  
 

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

Main Canal. 

Granite Reef Diversion Dam on the Gila River was 
completed in 1908.  Theodore Roosevelt Dam, also on the 
Gila, created the first major storage reservoir in the basin 
and was completed in 1911. 

Es necesario comprender las infraestructuras y 
cuando fueron construidas. 

Rio 
Colorado 

Schmidt (2008), data adapted from Iorns et al. (1965) 

Upper 
Basin 

Lower 
Basin 

54% of total runoff at Lees Ferry in 
already in the channels of the upper 
15% of the basin 

Major dams and 
diversions in the 

Colorado River basin 

Mean annual runoff 
> 100 mm/yr 

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 
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Pre-1915 

1932-1940 
1995-2005 

La hidrología moderna del Rio 
Bravo: 

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

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. 

Es necesario comprender los cambios en la 
emision de sedimentos de la cuenca. Factors that induce 

degradation: 

decreased sediment supply 

Factors that induce aggradation: 

less stream flow; smaller floods 

increased grain size of 
sediment supply 

Channel change caused by dams is determined by changes in the 
sediment mass balance which is caused by changes in water flow and 

sediment supply.   

Borland’s 
illustration of 
Lane’s (1955) 
concept, drawn 
by Vitaliano 

QsD !QS
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–  Annual fine-sediment load  
•  57 --> 0.3 mmt    (25 km blw dam) 
•  83 --> 14 mmt    (170 km blw dam) 

–  Pre-dam loads were 35-40% sand 
(Topping et al., 2000) 

Large dams may trap large amounts of sediment. No 
sediment is released downstream, but in some places … 

Rio 
Colorado 

X$E/($2YB5395($I/39.3Z23$2$I/391.CB.1$(54.%539/#$
$

LQB(F$9Q5$IQ2335E$I/39.3B5($9/$[EE$\.9Q$(54.%539#$

YB]/($154BI.4/($
^(_$

^(_$

YB]/($154BI.4/($

Sediment 
Transport 
Capacity 

(flood 
regime) 

Sediment Supply 

(amount and 
size of sediment 

supply) 

Cerca de la presa -- el cambio del canal es causado 
por cambios en el suministro de sedimento así como 

cambios en el flujo de corriente 

acumulación 
de 
sedimento 

evacuación 
de 

sedimento 

Sediment 
Transport 
Capacity 

(flood 
regime) 

Sediment Supply 

(amount and 
size of sediment 

supply) 

Lejos de la presa -- demasiado  sedimento  

acumulación 
de 
sedimento 

evacuación 
de sedimento 
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Cambios al cauce cerca de Ojinaga, arriba del Rio Conchos 

1933 

1972 

! Estos cambios ocurrieron 
porque la region alta del rio 
tuvo poco flujo pero tributarios 
efimeros del desierto 
continuaron el flujo de 
sedimento al rio . El cauce se 
lleno de sedimento. 

Everitt (1993) 

Superávit de 
sedimento 

!
!
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¿Cómo cambió el canal?  

Scientific Tools to Determine 
Processes of Channel Change 

3+#,)%45+$0+(%4!+()&%
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Detailed scale analysis: dendrogeomorphic 
analysis of floodplain deposits  

 Rio Grande Village Castolon 

Rio Grande / Rio Bravo 
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 Stratigraphic contacts are described 

• uses changes in wood anatomy to 
identify burial events in a vertically 
accreting floodplain or bar 

•  uses establishment elevation, but does 
not require establishment elevation 

•  requires more analysis time = less 
samples  

•  requires higher resolution floodplain 
stratigraphy 

•  isolation of individual flood events = 
more useful for scientists and managers              

root-w
ood 

st
em

-w
oo

d Pith (start 
of primary 
growth) 

starting 
locations of 
annual growth 
rings 

Friedman et al. (2005) – Stem-burial method 

1983 

1984 

stem 
damage 

Dendrogeomorphic Analysis of  
Inset Floodplain Deposits  

 
Castolon Trench 

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



!"#$"%%&

+&

053512E$G/45E$/h$=Q2335E$=Q23<5$
65h/15$+)n!$

+)n!M+)",($

+)"o'+))+$
=Q2335E$-5(59($

=Q2335E$p211/\.3<$

q.45$=/%;E5H$=Q2335E$

-2;.4$p211/\.3<$234$A5<$J(92CE.(Q%539$ +))+M!,,o$

J+1-/(K$$#(

Rio Grande / Rio Bravo 

Inundaciones en el otoño de 2008 fue la 7 º más 
grande y la duración más larga desde 1901. Etapa de 

la inundación era inusualmente alto. 

Rio Grande / Rio Bravo 

LQ5$!,,o$Y//4($2E(/$\.45354$9Q5$IQ2335E$2<2.3r$

Rio Grande / Rio Bravo 

1955 2008 

2009 

J7.453I5$/h$=Q2335E$-5(59$

Rio Grande / Rio Bravo 

General Model of Channel 
Transformation 

J+1-/(K$$#(Rio Grande / Rio Bravo 
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Visión del río Bravo/ Río Grande  
 
Nosotros,  gente  de dos naciones unidas anhelamos: 
 
Un cauce de río lateralmente inestable y dinámico, de múltiples 
ramificaciones, donde exista regularmente conversión entre los 
hábitats del canal y  la planicie de inundación. Cuya amplitud de 
movimiento lateral inestable no amenace a las comunidades o 
estructuras históricas;   
 
Un río cuyo corte transversal sea relativamente amplio y somero; 
 
Una comunidad de plantas ribereñas diversas y distribuidas en 
mosaico donde no domine ninguna especie no nativa; 
 
Un hábitat acuático que mantendrá y mejorará la presencia y 
distribución de la biota ribereña nativa, incluyendo las comunidades de 
peces, macro invertebrados acuáticos y otros componentes clave, 
indicadores de la salud y función del sistema; 
 
Un río cuyos caudales mantenga la capacidad de su lecho, 
consecuentemente reuciendo así la amenaza de inundaciones de las 
comunidades a lo largo del río; 
 
Un río que mejore el bienestar de los habitantes que viven a su orilla;   
 
Un río cuyas características naturales magnifiquen  la experiencia 
turística y educativa, y promueva actividades de bajo impacto, como lo 
son la pesca y paseos en balsas;  
 
Un río cuyas características de calidad de agua cumpla o exceda los 
estándares estatales y federales de ambos lados de la frontera; 
 
Un río con puentes, no muros. 
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Visión del río Bravo/ Río Grande  
 
Nosotros,  gente  de dos naciones unidas anhelamos: 
 
Un cauce de río lateralmente inestable y dinámico, de múltiples 
ramificaciones, donde exista regularmente conversión entre los 
hábitats del canal y  la planicie de inundación. Cuya amplitud de 
movimiento lateral inestable no amenace a las comunidades o 
estructuras históricas;   
 
Un río cuyo corte transversal sea relativamente amplio y somero; 
 
Una comunidad de plantas ribereñas diversas y distribuidas en 
mosaico donde no domine ninguna especie no nativa; 
 
Un hábitat acuático que mantendrá y mejorará la presencia y 
distribución de la biota ribereña nativa, incluyendo las comunidades de 
peces, macro invertebrados acuáticos y otros componentes clave, 
indicadores de la salud y función del sistema; 
 
Un río cuyos caudales mantenga la capacidad de su lecho, 
consecuentemente reuciendo así la amenaza de inundaciones de las 
comunidades a lo largo del río; 
 
Un río que mejore el bienestar de los habitantes que viven a su orilla;   
 
Un río cuyas características naturales magnifiquen  la experiencia 
turística y educativa, y promueva actividades de bajo impacto, como lo 
son la pesca y paseos en balsas;  
 
Un río cuyas características de calidad de agua cumpla o exceda los 
estándares estatales y federales de ambos lados de la frontera; 
 
Un río con puentes, no muros. 
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Laboratory experiments show that riparian vegetation 
leads to transformation from a braided channel to a 
single-thread channel 
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A second regime diagram by Leopold and Wolman (1957) is shown in Figure 4.24.  This diagram 
does not incorporate grain size but relates plan form, braided or meandering, to bankfull discharge 
and channel slope.  This figure does not use transition areas and gives one simplistic divide 
(S=0.06Q-.44) between a braided and meandering condition.  Based on this relation, the 1900 Platte 
River is braided at 10,000 cfs and a 0.00126 slope, and at the year 2000 shifts to the divide of 
braided and meandering conditions with a discharge of 4,000 cfs. 
 
 
 

  
Figure 4.24 A regime diagram for natural channels based on channel slope and bankfull discharge, 
taken from Leopold and Wolman (1957).  Points shown are a slope of 0.00126 and a flow of 10,000 cfs 
for the Platte River in 1900, and a slope of 0.00126 and a flow of 4,000 cfs for the Platte River in 2000. 
 
 
A third regime diagram by Lane (1957) is based on channel slope and mean discharge as shown in 
Figure 4.25.  Lane’s diagram is not as simplistic as the Leopold and Wolman diagram (Figure 4.24) 
and recognizes a transition range of conditions between the braided and meandering stream.  The 
Platte River in 1900, with a slope of 0.00126 and a mean discharge of 3,700 cfs, is in the 
intermediate stream region, near the border of braided condition.  At the year 2000, with the same 
slope but a mean discharge of 2,100 cfs, the Platte River remains in the transition zone, but slightly 
more distant from a braided condition. 

Empirical studies show that decreased flows lead to changes 
from braided to single-thread channels 
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Complex, heterogeneous habitat (aggregation of pools and riffles, 
backwater) provide areas for spawning and rearing (Pearson et al, 1992) 

Channel-floodplain connection provides source of biological activity, 
organic matter, and nutrients and habitat for rearing (Sparks et al, 1990) 
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Strategies for restoring lost aquatic habitat on rivers in 
sediment surplus 

•  Local scale solutions: 

–  Remove non-native riparian vegetation 

•  Mechanical removal 

•  Herbicides 

•  Biological controls 

–  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 
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Figure 5.1 Future potential for sustained average channel width with mechanical clearing and 
leveling of wooded islands and pulse flows. 
 
 

Strategies for restoring lost channel habitat on the Platte River in 
Nebraska (Murphy et al., 2004) 
 
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.  
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Platte River Width Versus Mean River Flow
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Figure 4.2a Exponential correlation of Platte River Width to the mean flow rate for locations near 
Cozad, Overton, and Grand Island, Nebraska. 

Platte River Width Versus 1.5-Year Flood Peak
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Figure 4.2b Linear correlation of Platte River Width to the 1.5-year flood peak for locations near 
Cozad, Overton, and Grand Island, Nebraska. 
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Platte River looking east near 
Gothenburg, Nebraska. RM 284 

 
 

Platte River looking west near Cozad, 
Nebraska. RM 267 

 

 
 

Platte River looking east near Highway 10 
bridge, Buffalo/Kearney Co., Nebraska. 

RM 208 
 
Figure 1.4 Photos of the central Platte River illustrating spatial variations in the narrowing of 
unvegetated widths and spatial variation in plan form. RM denotes river mile measured upstream from 
Plattesmouth, Nebraska (RM 0). 
 
 
1.4 STUDY APPROACH 
 
This study of the central Platte River, addressing geomorphic, hydraulic, and sediment transport 
concerns, incorporates a three-level analysis.  This approach to analyses of river management 
options was developed by Simons, Li & Associates (1982), and the ASCE Task Committee on 
Hydraulics, Bank Mechanics, and Modeling of River Width Adjustment (1998b).  The first level by 
Simon’s Li & Associates is a qualitative or theoretical geomorphic analysis.  A second, and more 
detailed level, includes quantitative engineering and geomorphic analysis, while the third most 
detailed level of analysis includes numerical (computer) modeling.  This paper summarizes 
findings of the first two levels2, while the third level of analysis using numerical modeling is 
introduced in Murphy et al. (Draft 2001), and applied in the Platte River Recovery Implementation 
Program Draft Environmental Impact Statement (U.S. Department of the Interior, 2003). 
 

                                                 
2 The authors have pursued the third level of analysis by developing the SEDVEG numerical model (Murphy et 
al, 2001) that integrates channel hydraulics, sediment transport and vegetation growth and mortality to analyze 
historic and future trends in channel width for central Platte River habitat.  
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Figure 2.5 The following photograph of the Platte River, opposite Platte City (near present-day Cozad, 
NE), was taken by John Carbutt in October 1866.  This photograph was obtained from the collection of the 
Union Pacific Railroad, “Union Pacific Railroad Excursion to the 100th Meridian.”  
http://www.uprr.com/aboutup/photos/carbutt/jc211.shtml 
 

http://www.uprr.com/aboutup/photos/carbutt/jc210.shtml 
http://www.uprr.com/aboutup/photos/carbutt/jc212.shtml 
http://www.uprr.com/aboutup/photos/carbutt/jc214.shtml 
http://www.uprr.com/aboutup/photos/whjackson/187.shtml 
http://www.uprr.com/aboutup/photos/steampassengeraction/jes1090.shtml 
 

 

Riparian vegetation increases when there are steady 
baseflows that are high during the growing season 
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Shift the timing floods to favor native 
vegetation 

•  Pre dam flood timing and seed windows for cottonwood and tamarisk 

 

Timing of Annual Peak Discharges for Differing Managment Practices
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and 
reestablish floods 

•  Hand excavation 

•  Large equipment 
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2001, following a large dam release 

Reintroduce pulsed flows 
where vegetation has been 
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