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Outline of Talk

1. New Mexico —
Ecohydrology,
Evapotranspiration
(ET), Water Budgets,
and Climate Change

2. Florida - River and
Floodplain Restoration
and Setting
Environmental Flows

3. Australia— Arid Land
Rivers, Healthy
Waterways Initiative,
and Tropical Rivers
and Coastal
Knowledge (TRACK)

“The Next Season” — Barbara Coleman




What Is Ecohydrology?

- Ecohydrology seeks to elucidate (1) how
hydrological processes influence the
distribution, structure, function, and
dynamics of biological communities and (2)
how feedbacks from biological communities
affect the water cycle.

- From Newman et al. (2006) Ecohydrology of
water-limited environments: A scientific
vision. Water Resources Research 42,
WO06302, doi:10.1029/2005WR004141



Why Do We Need Ecohydrology?

An example from the Rio Grande of central New Mexico

b} Mean total Middle Rio Grande depletions (including depletion from groundwater storage).under
present land use and groundwater development conditions
Reservolr

Evaporation

(1950-1998 average)

Riparian

Urban
(groundwater depletion
with wastewater offset)

Total Mean Basin
Depletions:
Approximately

674,000 acre-feet per year

Crops
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Middle Rio Grande - Evapotranspiration

"
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« What are the annual
rates of water use
(evapotranspiration or
ET) by riparian forests
(bosque)?

e How much water does

native and non-native
bosque use?

« What is the water use
In bosque that floods
regularly versus areas
Isolated from the river?

MIDDLE RIO GRANDE -
BASIN 50 0 0 100 150 Kilometers __.:k.__,




Riparian Zone ET
3-D Eddy Covariance

*Direct measurement of ET

Self-test for accuracy

e Consistent with the application of
atmospheric physics
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Saltcedar flooding site
_Boggue del Apache NWR

#“.;—35‘" e : > e

!

Photo: Bosque del Apache



Seasonal ET
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Bosque del Apache ET — 2000-2005
Interannual Variability

2000 2001 2002
Bosque del Apache NWR Bosque del Apache NWR Bosque del Apache NWR
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Saltcedar or Cottonwood?

(ak/wo) 1A

SC+grass (SEV) 2000-2004

RO (LARO) 2003-2004

SC (BDAS) 2000-2004

CW (BLN) 2000-2003

CW+SC+RO (SHK) 2000-2003
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Populus deltoides Class June 4, 2001 Class June 16, 2002
heterogeneous understories  June 4. 2001 U June 16, 2002 .

represents a relatively represents a dry
Total Area ~ 3750 ha

wet period. period.

Drought conditions
prevented a release
from the Cochiti
reservoir and parts of
the river went

A controlled release
from the Cochiti
reservoir ocourred in

Elaeagnus angustifolia 155,51 ™
homogenous large patches

completely dry in late

Note: This section of the June,

MRG surrounds the

Total Area ~ 600 ha o e

southern part of the MRG.

Tamarix chinensis
homogenous (mostly south)

Classification Legend

P. deltoides
I T.chinensis
B E. angustifclia

Classification Legend

Total Area ~ 5200 ha =EM:‘Z

P 5. exigua — scrub P 5. exigua — scrub

- Grags-sarub-mix Grass-sorub-mix
. mey - . . N vegetation o vegetation
{ V,”/ Salix exigua & other scrub EL:‘;:}:;% i Emﬂ‘:ﬁ‘i
AR e . N ow density agr, nsity agr.
highly variable oty 4 e Shallow water

I !rigation

Total Area ~ 3150 ha

Scrub-grass-mix N o
% low density - highly variable A A
' Total Area~ 6400 ha | (ometer i e T



Scaling Evapotranspiration (ET)
Methodology — Peak Growing Season

3-D Eddy Covariance Shirk/South Valley 2001
Tower .
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Classification Jun 4. 001 LAl June 4, 2001

Classification Legend ” LAI

Populus deltoides (cottonwood) | X
B Tamarix chinensis (salt cedar) ; B
B Elaeagnus angustifolia (Russian olive) & T BE
[ Salix exigua (coyote willow) 3.4

Scrub grass mix s

No vegetation
B High density agriculture Cdse
B Medium density agriculture o
I Low density agriculture B 7
Bl Lakes/river | B

[ Shallow water

i -
September 17, 20(]1 ‘
ET = evapotranspiration
LAI = total leaf area
index (m2/m?2)
one-sided LAl does not
account for cylindrical

shaped leaves
(i.e. salt cedar)




Otowi Gauge

1419

(370-2714)

San Juan-Chama 68
Inflow

Tributary Inflow 117

(gauged)
Municipal 86
Waste Water

Albuquerque 6
Storm Drain
Inflow

San Acacia Gauge

74  Open Water
37-111) Evaporation

123  Irrigated Agriculture
86-160) & Valley-Floor Turf

Discharge
rom Aquifer
to Surface
271
Shallow
Aquifer

167
(93-241)

364
Recharge
to Aquifer
123 Riparian ET,
99-222) & Open Water
Evaporation

Freshwater
Biology
Dahm et al. 2002
47:831-843

173 EleRphant B.u'l'-te
eservoir
49-281) Evaporation

To Downstream

(370-1770) Users

Rio Grande
Water Budget
(1972-1997)
(106 m?3 yr-l)

Riparian Zone ET ~
127-165 (2001-2006)

Irrigated Agriculture,

Major Depletions
1.Evaporation
2.Riparian ET
3.GW Recharge
4.Agriculture



Global Change & Snowmelt Rivers

e Snowmelt Rivers
R » Particularly vulnerable
N R LR to global warming
\L\ \ B 55 (timing and quantity)
TS RN » Relied upon by one-

sixth of Earth’s
human population

e Smaller snowpack
throughout the Rocky
Mountains

 Western US will warm
on average by 5°C by
2100

(Al Rango — NMSU/ARS)

Rio Grande Headwaters



Warming and
Riparian ET

e Ramp-up period most
Impacted

— Days are longer

— Leaf area plus longer
days = increased ET

* For atypical water year
(e.g., snow melt and
monsoon), ET would
Increase ~20 % with +2
°C warming

e Actual impacts depend
upon meteorological
conditions

ET mimvday

ET mmiday
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ET mmidiay
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Urban Water Use

« City of Albuguerque Rio
Grande Water Diversion

e Divert 116 x 105 m3 y-1

neginning in 2008

 Return flow credit for half
of the diverted water

e Alternative to non-
sustainable use of
ground water

« First major effort to use
surface water for drinking
water supply




Groundwater Recharge

Streambed Infiltration Rates in Arid-land Rivers
Ronan et al. 1998 Water Resources Research 34:2137-2153
“The increased infiltration rates are attributed to viscosity
effects on hydraulic conductivity from increased temperatures.”
Water viscosity changes ~2% per degree C from 15-30 °C
Field studies of infiltration rates often produce variation with T
larger than predicted by viscosity (Lin et al. 2003 SSSAJ).




Agricultural Water Use

ET and CO, Flux - Alfalfa

Dominant Crop is Alfalfa
Irrigated Land ~ 20,000 ha
Water use approximately
1.2 m annually

Warmer conditions already
allowing 5-6 cuttings per
year of alfalfa



San Juan-Chama
Inflow

Tributary Inflow
1 (gauged)

Municipal
? Waste Water

Albuquerque
*  Storm Drain
Inflow

San Acacia Gauge

68

117

86

1419 1
(370-2714)

(370-1770) Users

Otowi Gauge

Estimated Water Budget

Middle Rio Grande
(10° m3/yr)

Albuquerque San Juan-Chama withdrawal

74 Open Water
37-111) Evaporation

Arrows indicate the direction
of change for source waters

123  Irrigated Agriculture 7
86-160) & Valley-Floor Turf

Discharge and depletions with a
rom Aquifer -
to Surface warmer climate.

Cid Shallow 93162741 Riparian EvapotranspirationT
Aquifer( -241) (ET)

Re?:?':;r.'ge ] .
fo Aduifer | piparian €T, Major Depletions
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Evaporation ° Ag riculture
 Urban Use
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Drought and Temperature - 1

“The most severe future droughts
will still occur during persistent
La Nifla events, but they will be
worse than any since the
Medieval period because the La
Nina conditions will be perturbing
a base state that is drier than any
experienced recently.”

Seager et al. (2007) Model
Projections of an Imminent
Transition to a More Arid Climate
In Southwestern North America.
Science — April 5, 2007

316:1181-1184.




Drought and Temperature - 2

2003 Pinyon pine Mortality

«‘ @ Pinyon Pine

~l1z6 324 61 133 384 [
vy

1997 1998 1999 2000 2001 2002 2003

Year

D.D. Breshears et al.
2005 PNAS 102:15144-

15148

“This recent drought episode in
southwestern North America
may be a harbinger of future
global-change-type drought
throughout much of North
American and elsewhere, in
which increased temperature in
concert with multidecadal
drought patterns associated
with oceanic sea surface
oscillations can drive extensive
and rapid changes in
vegetation and associated land
surface properties.”



Drought and Temperature - 3

i1

T
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“The possibility that the

enhanced greenhouse
effect Is increasing the
severity of Australian
droughts, by raising
temperature and hence
Increasing evaporation,
even If rainfall does not
decrease, needs to be
considered.” N. Nicholls
2004. Climatic Change
63:323-336.



Restoring Ecological Integrity in the
Kissimmee River, Florida:
Applying Restoration Expectations

Increase d dissolved oxygen
#9

e

) Floodplain inundation Forage base Forage fish
Restoration—=| #4 frequency & duration [~ #30 gl 32 | > densgi]

#5 stage recession

.

Habitat structure
#15-17 wetland coverage
#19-22 vegetation characteristics

T e )

=8 February 9, 2001 e

Restoration of the Kissimmee River.
Applying restoration expectations.
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60 Restoration Expectations

 Hydrology - 6  Algae -2

e Geomorphology -2 ¢ Herps-2

 Water Quality -4 e Fish -7
 Vegetation - 10  Birds - 11

* |Invertebrates - 11  Listed species -5

Emphasis was placed on defining testable expectations
with current measurement techniques

Three percent of the restoration costs were budgeted
towards a robust evaluation program




A Testable Restoration Expectation

_.10.0

|

=

£ 80

c 2001
S 6.0

<

S 40

(D)

2 20

§ - 1998
D 00

J J M A M M A S O N

Month




Southwest Florida Water Management
District (SWFWMD) Mandate

“The minimum flow for a given
watercourse shall be the limit at
which further withdrawals would
be significantly harmful to the
water resources or ecology of the
area.”

Section 373.042
Florida Statutes




Setting Flow Requirements

"There is no universally accepted method or combination of methods
that is appropriate for establishing instream flow regimes on all rivers or
streams. Rather, the combination or adaptation of methods should be
determined on a case-by-case basis; . . . In a sense, there are few bad
methods — only improper applications of methods. In fact, most . . .
assessment tools . . . can afford adequate instream flow protection for all
of a river's needs when they are used in conjunction with other
techniques in ways that provide reasonable answers to specific
guestions asked for individual rivers and river segments. Therefore,
whether a particular method 'works' is not based on its acceptance by all
parties but whether it is based on sound science, basic ecological
principles, and documented logic that address a specific need."

Instream Flow Council 2002




Basic Principles and Ecological Consequences of
Altered Flow Regimes for Aquatic Biodiversity

— Bunn and Arthington. 2002. Environmental Management 30 (4): 492-507

Principle 1: Flow is a major determinant of physical habitat in
streams, which in turn is a major determinant of biotic
composition.

Principle 2. Aquatic species have evolved life history
strategies primarily in direct response to the natural flow
regime.

Principle 3: Maintenance of natural patterns of longitudinal
and lateral connectivity is essential to the viability of
populations of many riverine species.

Principle 4: The invasion and success of exotic and
Introduced species in rivers is facilitated by the alteration of
flow regimes.




Setting Minimum Flows and Levels
(MFLS)

Flow Regime — Building Block Approach
Multiple MFLs - address seasonality
Percent of Flow Reduction Technique
Physical Habitat Simulation (PHABSIM)

e Significant Harm - 15% reduction in
avallable habitat iIs assumed

 River-floodplain-groundwater
connection is examined carefully



Modeling Tools

Hydrograph Characterization (richter et al. 1996 -

Magnitude, Timing, Flow Duration, Frequency)

HEC-RAS Model (U.S. Army Corps of Engineers

Hydrologic Engineering Center — River Analysis System)

nundation Analysis (FLOW2D)

Recent and Long-Term Positional
Hydrograph (RALPH) Analyses

Physical Habitat Simulation (PHABSIM)
Analysis

HEC-RAS/Sandia SDM Analyses

HEC-RAS/Ecosystem Functions Model
(EMF)

Prescribed Flow Hydrographs




An Example from Florida
The Hillsborough River

Recommended Allowable Flow Reductions

600

8%
500 -
=~ 400 - 15%
T s00 10%
5
T 200
100 - Low Flow Threshold = 60 cfs

0 -

100 150 200 250 300 350

Julian Davs




An Australian Perspective

Three Major Programs
1. Dryland Rivers

2. Healthy Waterways
3. TRACK

HEALTHY < =
WATERWAYS TRack .

Tropical Rivers and
Coastal Knowledge




Australia’'s freshwater resources

83,320 GL Do 95,615 GL
(48 6L diverted) \"21.5% | / (52 GL diverted)
1 GL = 811 acre-feet 24.7%
| 12% 0.4% 2.2% l e
" 1.8% | ?'.“-,':% 6.2%

Mew South Vales

23,850 GL

Victoria

11.8%

" (12,051 GL diverted)

Queensland
South Auscrale Big users:
* dairy - 2,834 GL
- cotton - 2,908 GL

0o 5 10 15 20 25 30 35 40 * rice - 1,951 GL

Population and water use (%)

T .
MNerthern Territory

Australian Capital Territory




Extreme variability - arid zone




High flow variability

*®1 Summary medians
0.7 { (23 hydrological measures) Cooper
0.6 Diamantina
.\
- Burdekin
0.4 lepopo
- Fltzrox\‘
., |Mekong  Mississippi Colorado Vaal
- Danube l Rhine/ Darling,
v v

0 ONX>0zZ< 1 Z2F 2 2> 200 0O0Tf=0p="sZAX<IIXzzZO0<CO <N =Z2W XWX < X < O

0o UL 35 =2 OR,UESS3C2F 03832203525 533222 5383555553358

from Puckridge et al. (1998). Mar. Freshw. Res. 49, 55-72



Cooper Creek . 296000 km?

* ~35% floodplain

ML/day
2,500,000 -

2,000,000

1,500,000

1,000,000 -

500,000 -
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All waterholes connected



Water holes - refugia




Food webs in waterholes

. | 3,650
:‘- ® Gross Primary Production (P) | 1,960
® Respiration (R,,)
(g C  day)

AP Riparian
! S —285 %o
Smelt Yellowbelly Snails  Algae
-24.7 Yoo -20.8 %o -16.7 %o -17.5 %o

Stable isotope

signatures CPOM: -27.4 %o
FPOM: -26.2 %o

)

Yabbies
-20.8 %o

Gudgeons
-21.9 %o

Bunn et a/ (2003)
Benthic algae = 70-80% consumer biomass



Healthy Waterways Program - SE Queensland

<

15 major catchments
22,672 km?

19 local government areas
Population 2.5 m

Fastest growing region in
Australia

Caloundra

p . Tt y : TANLEY RIVE
h & &5 ] CATCHMENT

Redclfte

CATCHMENT

BRISBANES

Eoc| CATGHMENT

Tooweuiba 5
CRE
CATCHMENT

BREMER RIVER
CATCHMENT

MORETON BAY |



Formation of the Partnership

3 levels of government

* Local councils (19) ' EALTHY Community &

+ State Government industry advisory

agencies (6) WATERWAYS groups (>40)

* plus Federal funding = /

Strong research support
» 3 Universities

» indigenous

* conservation

- catchment & landcare
- commercial industry

- CSIRO Because we're all * rural industry
- 3 Cooperative Research in the same boat
Centres

e vy O B €

Ill e L

-
1 L1 o
P l--' lgmwmch



Ecosystem Health Monitoring Program

Freshwater EHMP
- Designed stage 3 ; Implemented 2002

nonLtoring for
sland

&,:u,m \\ STAWLEY
CATCHMENT
Kick),
UPPER .
BRISBANE

CATCHME NT

WID- BRISE i

CATCHMENTS g IHER

Eco Processes

LOGKYER
GATCHMENT oumw

gl
BREMER
GATGHMENT
i

e - 120 freshwater sites
’ ¥ (sampled 2x/yr)




Adaptive management framework

Wider Applications - B Similar situations
Value Added from 2.g. other catchments
Adaptive Management B \Wider public

B Decision-makers

Improved
mReport card - Understanding
B Science o= i -

roadshow
B Audit reports
B Annual report
B Market research il L.
report - —
B Science
Expert Panels
B Review
workshops

Adaptive
Management

Cycle

Evaluation

W Ecosystern Health Momitoning
B Implementation audits

B Financial tracking

B Market rasearch

Monitoring

W Update of strategy
B Input to other plans
B Project plans
B Foresighting

Policy

Planning

Implementétinn

B On-ground actions
{e.g. STP upgrades,
ri;}arlan I'l'lﬁﬁijﬁﬁ'l'l'lE'r'lrJ

W Healthy Waterways
CHF‘!"I:IHIQH

W Science & research
pragram

ongoing knowledge
acquisition

critical role of
monitoring

continuous
improvement in the
identification and
implementation of
management.

effective
communication of
knowledge for
policy/planning




Report cards on progress

B W e
EEcusysiemHe

E2EcosystémH&alth
e

A comprehensive monitoring program
Tha Ecosystem Health Manitaring Program [EHMP] defve

= ragional azzezzmant of scosystem hasith for the watar
wway=: of South East Qussnciand. Wit it “catchment to
cosst” philesophy, the program targets both freshveater and
estuarine/mering snvirenmens. in an area sxtending fram
Mossa in the nerth, south 1o the NSW border and west 1o
Tocweomba. The EHMP uses rigarous science 1o ide
\eatarwmy hasith incorparsting a range of biclagical, phy:
cal and chemicsl indicatars. The mentaring of sperssriate
indicstars for the estusrine/merine companent of the EHMF
Staried in Moreton Bay in 1392, sxpanded north 12 the
Sunzhine Cosst in 2001 snd zouth to the Gaid Comst in
2002, and now inchsdes 250 monitaring sites. The EFMP
expandad ins the frezhester catchments in 2002, with =
108l of 120 frashwster naw being moniored in Scuth
Eazt Quasnziand’s fivers and streams.

A parmership approach
Tha EHMP wes estebizhed in responze to requasts by the
15 Local Governments and other staksholders in Sauth
East Quesnsiand for provision of an independent sudit of
the sffectivensss of snvironments! protection and man-
egement massures undertakan by their egencies. The
program iz mansgad by the Marston Se

Environmental Fratection Agency, Quesnsiand Health
ific Sarvices), univarsities (Univarsity of Qusansland,
Griffith University) and CSIRO.

Integeated ints an adaptive management framework
The EHMP raporss on ragional scozystem hesith candi-
tion, which can be uzsd to provids lang-term fesdsack an
the sffoctivensss of mansgemant sctions underteken to
protect South East Qusansland catchmants, waterweys
i Morston Sey, and to identify smerging izuss that
may recie management interventica. To achieus thiz, the
program iz smbeddad into ths Fartnership's adsptive man-
gament framewark that inks manitering 1o menegamant
abjectives and regular ravisw and ovelustion of the sffec-
tivmnesz of our actions.

Tha EHME has rscsived national and intamationel racag-
nition, and iz censidarsd ane of the best comprehanzive
rrarine, estusrine snd frachuster scosystem hesith monitor
ing programs in Australis

Detailad information an the indicators and meth-

s employed i the EHMP can be found in the
Haalth Menitaring Program 2002

- 2003 Annusl Technical Report published By the

MBWEE. or by visiting the Healthy Waterways

wiebsite st wwwehesittywatsrways.on.

alth

ortCard2004

for the waterways uf‘outFEa_st ﬂyegns_léﬁd’ i"

,_
13

Q@
=
2
2

Good
Fair
Poor
Fail

F30063en /7

Winterway

Catchment border

Moritaring sites
Excellent

No Grade

£

2003 2004
WA e

Stanley-Kiloy Caichmens

Usser Brisbane Caichment

Ecezvztem hesih naticzaby

tently in better
heaizh than these in the Maroachy

catehment, but streams in both
cmtchmentz gereraly i medsrsts ta
goac candition

Fine Catchments

B Markeaty poar resuits scrons
mast ngicatars of hesth for

Lower Brisbane Catahment
B The high degrs

Gold Cosst Catchments.

b zutstan-

rade from © = last year o
the oresznt A

the cotchy

rdication of e
diticn fallowing Zginficant

Wider Applications -
Value Added from
Adaptive Management

W Similar situations

©.g. other catchments
W Wider public
M Decision-makers

Improved

m feportcard . Understanding
W Science - -

roadshow
B Augdit reports
B Annual report
W Market research

report
W Science

workshoj

W Ecosystem Health Manitoring
W Implementation audits

W Financial tracking

W Market research

Mioaza River
B Continusd high inargenic
nutrents in upger reeches

= High nue
zshed axygen in upper reaches
Masleolsh River

B Gaod wries queity but
cagrazed rasrisn

W Gareraly gosd wter auslay with
thar pazzeg

B High nutrient leveiz
zionel phyicalankian Elooms

Tingslpa Cresk

B Figh autient leveis cpecialy o
sherus rd low dzsgved oxrgen

Brisbane River

B High autrients eac nubidity,
[ RE—

it
rediced from previous yeers
Albect River -

B Poer fuzhing snd paint source
rutrent loading

Fimpama Sover

W Update of strategy
M Input to other plans
B Project plans
M Foresighting

Policy
Planning

Adaptive
anagement

Cycle

Implementation

W On-ground actions
(e.. STP upgrades,
riparian management)

W Healthy Waterways
campaign

W Science & research
program

Monitoring

taces Mozt regionsl grades were
simier to last year

Water quaity f
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Brambie Bay

B Water quaiity
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cranved ower reaches
Tallchudgera Creck Q— —
Sosd wetes quary en
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Tropical Rivers and
Coastal Knowledge



Australia’s wet-dry tropical rivers
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TRaCK’s Aim

To provide the science and knowledge that

governments, communities and industries
need for the sustainable management of
Australia’s tropical rivers and estuaries
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