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Rough Outline

What are instream flows and why should
economists (anyone!) care?

Ben/cost analysis and what do we know
about the value of instream flows?

¢ Economic flow allocations with no risk or
uncertainty

¢ Economic flow allocations with risk, then,
uncertainty



Thanks t oé

Richard Woodward, coauthor (main author on
the all the Ahardo dyn

¢ Can send you paper if you want it (forthcoming,
American Journal of Agricultural Economics,
2008)

¢ Or, for suggestions see book chapter discussion



Background Story

Columbia River Litigation

¢ Pits Ag/Industry against ESA and salmon

protection

¢ Ag/Industry side says their values of water are
known/ bi g; says no value
they sue

cThey ask jJjudge to grant
cMy 1 ntuition: canot dec.i

the future



Instream Flows

Flows in the river
¢ Note: could be a lake level actually

¢ Flow measured as volume per given unit of time
E.g.. Cubic feet per second, acre feet per year

c Not e: FIl ows are mnohey si mp
combine volume and velocity and both may be
Important

¢ In many states, no legislation exists to adjudicate
Instream flows



Instream Flow Importance

Protect Species that live in rivers/streams

¢ In afew states, the state agency may set a minimum flow
level to protect an endangered species

Fed. Government does this in a few instances (USFWS)

¢ Increased flow may reduce stream/river temperature;
Increase habitat

Human activities may depend on flows
¢ Too low T bad for some recreational uses
¢ Too highi bad for same; flooding banks, campgrounds



Too lowd Walker Lake, Nevada




‘Too high for some uses
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Focus: Low Flow Problems in the U.!

Flows may normally be adequate, but droughts may
change that (peak vs. low flows) rivers sometimes
completely dried up by legal withdrawals:

¢ Snake River below Milner Dam (ldaho)

Gila River

Rio Grande below Elephant Butte Res. (New Mexico)
Humboldt River (Nevada)

Colorado River (at U.S./Mexico border)

O O 0O 0

Many have very low winter flows (e.g. Taylor River
In Colorado, others in mountain states)



Focus: Endangered Aquatic Species

In the United States, the Endangered Species Act
(1972):

c protects speci es, pl aces as
¢ protects habitat

Species may need a certain minimum flow: depth of,
amount of water, and speed that water is moving

¢ example: anadromous species (migrating from salt to fresh
water)

1978 Amendments: exempt from ESA if too costly



Static (one period world) Economics
Question

How does an economist evaluate whether
another unit (acre foot) of water in a river
should be allocated to user X?

¢ Consumptive uses: agriculture, industry, cities,
etc. who withdraw water

¢ Non-consumptive uses: recreation, hydropower

¢ Endangered species protection usually forgotten
about



Answer from Economiasstatic
world

Allocate the water to maximize the net benefits (B-
C) in the one period world.

Equate the instream and extractive marginal values

Opti mal price wil | be set
(the price in uses of the water) of instream uses

| mpl 1 cation: there I s nON
¢ Notl



Some attempts to estimate fmoarket
value of instream flow

Johnson and Adams (WRR, 1988) i John Day River, Oregon i
Nt ncreased summer fl ows have a ma
f oot o

Berrens et al. T New Mexico studies of instream flow value
(contingent valuation) on Rio Grande (relate to protection of an
endangered species) - $28 to $90 annual max. willingness to pay
(WTP), all major N.M. Rivers.

Brown and Duffield T Montana studies of instream flow value
(contingent valuation) and cross check with Nature Conservancy
collections: $3 to $23 annual WTP

Harpman, Sparling and Waddle (1993) i Taylor River (Colorado) i
predicted change in catch for 2 flow scenarios is small



A few more

Weber and Berrens (2006) Sonoran Desert,
Aravaipa Creek Wilderness, $17.31 to $25.06
per day (2003 dollars), two access points

Loomi sOishewadrlk tel |l you



Issues In existing estimates

What is the right number? $3? $90? i1 per,
éwhat ?7?

Are the numbers values for instream flow, or
values for species protection?

¢ Can these two be disentangled? Should they be?

Transferability

¢ Can we use a Rio Grande estimate for the
Guadalupe? The Columbia?



Lack of knowledge

Example: Columbia river basin (Washington holds
on allocating more withdrawals because of ESA and
salmon/steelhead there)

nébi ol ogists point
scientific evidence that reductions In

flows have contributed to the decline
Il N S al Mo n gaSetandMkekell20@) O



What about dynamic
oneperi od worl de)

Question: Do we know that withdrawals today
have zero impact on future fish stocks?

¢ Certainty/dynamic model results are
straightforward (max pv of NB)

Answer: No, we do not know that with
certainty

¢ Excessive withdrawals may be a serious mistake
¢ S0, what to do?



Hypothesi® led to paper

There Is a connection between the fish
dynamics and flows such that cumulative
withdrawals need to be considered (see Tsur
and Zemel, Nat. Res. Modeling 1994)

The nAnvalueo of 1 nstrea
In the value to society of protecting
endangered species over some time period



‘ Example of known relationship




Our Problem: uncertainty

Risk T known probabilities

Uncertainty or Ambiguity- unknown
probabllities (Frank Knight). Model
uncertainty

Relationship between flows and fish
populations is complicated (too high and
spawning beds may be wiped out; lags

between flow and adult growth evidence)...
uncertain




Uncertainty Iin stocksow relationship

Debate among fish biologists indicates knowledge of
relationship between stocks and flows on the
Columbia River is equally ambiguous

¢ Some evidence that very low flows decrease fish
populations, but full mapping of relationship not
accomplished

Similarly, knowledge of stock growth and population
dynamics in ocean fisheries not well known



Model Assumptions

There Is a positive affect of flow on growth

There Is an existence value (only) for the fish
stocks T If stocks are in no danger of
extinction, marginal value of fish stocks is
zero 1 this is B(q,)

¢ RFF study of salmon in Columbia confirms that
this is large



‘ Biological growth under diff. flows




