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hen Linda Pilkey-

Jarvis and Orrin 

Pilkey state in their 

article, "Useless Arithmetic," 

that "mathematical models are 

simplified, generalized represen-

tations of a process or system," 

they probably do not mean to 

imply that these models are sim-

ple. Rather, the models are sim-

pler than nature and that is the 

heart of the problem with pre-

dictive models. We have had a 

long professional association 

with the developers and users of 

one of these simplifications of 

nature in the form of a mathe-

matical model known as Physi-

cal Habitat Simulation 

(PHABSIM), which is part of 

the Instream Flow Incremental 

Methodology (IFIM). The IFIM 

is a suite of techniques, includ-

ing PHABSIM, that allows the 

analyst to incorporate hydrol-

ogy, hydraulics, habitat, water 

quality, stream temperature, and 

other variables into a tradeoff 

analysis that decision makers 

can use to design a flow regime 

to meet management objectives 

(Stalnaker et al. 1995). Although 

we are not the developers of the 

IFIM, we have worked with 

those who did design it, and we 

have tried to understand how the 

IFIM and PHABSIM are actu-

ally used in decision making 

(King, Burkardt, and Clark 

2006; Lamb 1989). 

 

What we have learned from 

these investigations is that the 

authors of "Useless Arithmetic" 

are correct in asserting that poli-

cymakers should be wary of 

W 
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mathematical models. But the question re-

mains: How should policymakers approach 

the question of a model's accuracy and util-

ity? Our experience suggests that the ten 

points presented by the authors are them-

selves a bit simple and miss at least one les-

son about how mathematical models are 

used. The prescriptions are a bit too simple 

because Pilkey-Jarvis and Pilkey do not give 

clues to policymakers about how to evaluate 

the quality of model predictions. How can 

an administrator or policymaker break 

through the technology and bureaucracy that 

often surrounds these models to ask the 

good questions and understand the answers? 

A lesson that could be drawn from an ex-

amination of mathematical models used in 

decision making is that the choice of models 

actually frames the policy debate in ways 

that limit options. The model we have 

worked with so long, PHABSIM, provides 

good examples for both of these observa-

tions. 

 

We were surprised several years ago to learn 

that the IFIM and PHABSIM had achieved 

international status as the methods of choice 

for assessing the level of environmental 

flows. Environmental flow—known as "in-

stream flow" in the U.S.—is the amount of 

water flowing in a stream that is necessary 

to protect environmental amenities such as 

fish habitat and recreation (Lamb and Do-

erksen 1990). While presenting papers at a 

water conference in Italy, we met experts 

who were using the IFIM and PHABSIM in 

Europe and Asia (Manciola and Mearelli 

2000; Tamai and Chibana 2000). Over the 

years, we have maintained a network of us-

ers, and these were people we did not know. 

They were using the IFIM and PHABSIM 

strictly based on the literature. 

 

We report this encounter to illustrate that 

PHABSIM is one of those mathematical 

models that is "out there." It has escaped the 

gravitational pull of its founders. In fact, 

PHABSIM is so much in its own orbit that it 

has spawned clones, spin-offs, and hybrids. 

Lamb, Sabaton, and Souchon (2004) note 

that the IFIM was intended to determine 

how much flow is required by riverine fish 

species to maintain a sustainable habitat. It 

was first thought that knowing the flow-

habitat relationship would suggest the flow 

regime (including the timing and duration of 

flow events) needed for fish production, but 

nature has proven to be more complicated. 

Even the larger questions the IFIM was in-

tended to answer—as well as questions that 

have arisen from use of PHABSIM—

continue to puzzle scientists. This basic 

question—What is the relation among flow, 

habitat, and fish populations?—is the subject 

of ongoing investigations (Reiser, Wesche, 

and Estes 1989; Souchon and Capra 2004). 

Despite warnings from the founders (Stal-

naker et al. 1995), practitioners frequently 

use only simple, intermediate output to ar-

gue for a minimum, rather than dynamic, 

flow standard. That intermediate output re-

lies on PHABSIM. As Jarvis-Pilkey and 

Pilkey observe about other mathematical 

models, PHABSIM is often a black box and 

adding more of the pieces of the IFIM (i.e., 

more variables) results in complexity that is 

difficult to understand (Sabaton 2002). 

 

How can policymakers approach the ques-

tion of achieving quality output from such 

models? When the authors write about 

"policymakers," it is unclear who they are 

describing. It might be legislators, mayors, 

or agency heads. Our experience with the 

IFIM and PHABSIM shows that many times 

these questions emerge in local, site-specific 

disputes. In those cases, it is mid-level ad-

ministrators such as office supervisors, dis-

trict managers, and sometimes regional di-

rectors who must answer this question. On 

the one hand, these mid-level administrators 

are often close to the technical questions in-
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volved. They are likely to have more knowl-

edge of the situation. On the other hand, the 

questions are sufficiently nuanced and the 

IFIM so complex that even the most knowl-

edgeable mid-level administrator is going to 

rely on experts to gather the data and run the 

models. 

 

As Pilkey-Jarvis and Pilkey observe, a con-

sultant is frequently hired to take on these 

tasks under the direction of a knowledgeable 

employee. This presents the mid-level ad-

ministrator with two types of problems. First 

is the problem of selecting and guiding the 

knowledgeable employee so that the con-

sultant receives proper instruction and su-

pervision. Here, one important type of in-

formation needed from the consultant is a 

description of the analytical steps and pre-

liminary model products. This is vitally im-

portant because the way the consultant col-

lects data and controls the models will affect 

the decision process by limiting options. 

Second is the problem of overseeing the 

evaluation of model outputs. Again, the mid-

level manager is probably not going to do 

this directly but through subordinates. Se-

lecting the best qualified subordinate is im-

portant. It is also essential to clearly set out 

management objectives so that the people to 

whom these tasks are delegated know the di-

rection mid-level administrators wish to go 

(Gillette and Lamb 2005; Stalnaker et al. 

1995). 

 

The mid-level administrator, of course, may 

not be the only one setting the overall direc-

tion. Other parties to the decision process 

will be aware of—and often participate in—

data collection and model implementation. 

Model outputs certainly will be shared with 

the other parties. Our examination of cases 

in which the IFIM was used indicates that 

the parties tend to organize themselves into  

specialized technical committees. Those 

committees guide model selection, data col-

lection, and interpretation. The quality of 

model output depends on the work of those 

committees, which is influenced by the 

knowledge and skill of the employee to 

whom the mid-level administrator has dele-

gated authority (Lamb, Burkardt, and Taylor 

2001). 

 

The issues notwithstanding, and contrary to 

Pilkey-Jarvis and Pilkey's argument, 

mathematical models are a key to framing 

environmental disputes. Still, care must be 

taken in selecting mathematical models that 

can actually deliver information useful to 

decision makers. In cases we have studied, 

the parties often do not realize that choosing 

which models to use is a significant factor in 

setting the frame of the negotiation (Lamb, 

Burkardt, and Taylor 2001). "Framing is 

about focusing, shaping and organizing the 

world around us…defining the reality…by 

selecting some elements as central and oth-

ers as peripheral…." (Davis and Lewicki 

2003, 200). Selecting a mathematical model 

frames the problem because it provides a 

clue to expectations about possible out-

comes. One of the most useful things that 

models can do is help the parties see a way 

through a dispute. If the right model is cho-

sen, it can define the problem in a positive 

light amenable to dispute resolution. 

 

In the cases we studied, negotiations that 

struggled were marked by "technical options 

and results [that] were presented in a way 

that cast the negotiations in a negative light 

and emphasized the significance of loss" 

(Lamb, Burkardt, and Taylor 2001, 231). 

We found that negotiators often started con-

ducting studies without fully considering 

other analytical approaches. Thus, we agree 

with Pilkey-Jarvis and Pilkey that negotia- 
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tors sometimes select the simpler of output 

options so that the results are not a good fit 

to the problem at hand.  

 

In the least successful cases we studied, the 

parties were hoping that a course of action 

would emerge from the data and did not rec-

ognize that the decision to choose a particu-

lar mathematical model constrained the de-

cision space. In the successful cases, parties 

worked hard to frame the negotiation by de-

fining the nature and scope of the technical 

issues, determining appropriate studies, and 

coming to at least tentative agreement on 

how management actions might proceed 

based on model results. By conducting mod-

eling studies without resolving where they 

wanted to go with the negotiation, the par-

ties often obscured the underlying value dif-

ferences that ultimately reemerged as obsta-

cles to a solution (Burkardt et al. 1995).  

 

Pilkey-Jarvis and Pilkey also contend that 

"quantitative mathematical models are prob-

lematic and that an uncritical acceptance of 

them by policymakers may actually have 

exacerbated society's ENR [environmental 

and natural resources] problems." We agree 

to an extent. Our case studies of situations in 

which the IFIM was used underscore the 

importance of avoiding uncritical acceptance 

of models. However, mathematical models 

are not "useless." Oftentimes in environ-

mental flow disputes a deep understanding 

of nature is not available. Some have argued 

that such deep understanding requires very 

long-term study (Elliott 1994). However, 

decisions have to be made and both statutes 

and regulations limit the amount of available 

time to make them. As Elliott's (1994) study 

has illustrated, a full understanding of sus-

tainable fish populations might require more 

than 10 years. Mathematical models that 

rely on the current state of knowledge will 

be used in these decisions. Moreover, 

mathematical models in ecology are part of 

the scientific conversation. In addition, un-

derstanding how to use and interpret them 

evolves over time. Consequently, users be-

come more sophisticated and policymakers 

more familiar with the results. 

 

The authors also suggest that planners and 

policymakers "must stop turning to science 

and mathematical models for answers and 

instead come up with their own solutions 

aided by scientific observations." Yet given 

that decision makers are required by law to 

make policy based on "best available sci-

ence," this seems less than helpful advice. 

Moreover, one of the ways mathematical 

models are most helpful is to evaluate alter-

natives that we would not want to test in the 

real world. Examples include testing the ef-

fects of prolonged low flow releases from 

reservoirs or testing the effects of occasional 

very high flow events. Other examples in-

clude actions that might extirpate an endan-

gered species or result in significantly re-

duced production of hydroelectric power. 

Gard's (2006) study using the River2D 

model (a spin-off from PHABSIM) illus-

trated the value of mathematical models in 

designing a stream restoration project where 

it would have been impossible to build and 

test alternative designs in the field. 

 

When the discussion in "Useless Arithme-

tic" turns to the role of adaptive manage-

ment, the authors discuss how management 

actions can be modified based on real-time 

observation of the effects of current prac-

tices. Limits on the harvesting of fish stocks 

are one example of a potential adaptive 

management arena in which they argue that 

models are not needed. Although this makes 

some sense, without modeling the system 

that produces and takes fish—including the 

social and economic system—it might be 

too late to change course or reset catch lim-

its based on annual field observations (see 

Elliot 1994). Consequently, modeling the 
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system in an attempt to better understand the 

interplay of variables can lead to the devel-

opment of hypotheses that are essential for 

adaptive management. 

 

In problems such as environmental flow, 

hypothesis testing as part of an adaptive 

management approach could be accom-

plished through a well-designed monitoring 

protocol (Souchon et al. 2008). Hundreds of 

water management decisions are being made 

by governments around the world and many 

have been modeled using PHABSIM. But 

few have included long-term monitoring 

studies (Souchon et al. 2008). Railsback, 

Blackett, and Pottinger (1993) found that a 

monitoring program is most likely to be suc-

cessful if based on assessments derived from 

the original modeling efforts. However, as 

Souchon and his colleagues point out, adopt-

ing a monitoring strategy as part of multi-

party negotiations "…is not always easy, 

due to differing interests of the ac-

tors…duration of monitoring, nature of 

funding and differential timetables between 

facilities managers and researchers" (2008, 

12). Framing the problem as one of adaptive 

management at the outset of negotiations 

can help structure the solution to include 

mathematical models that allow tradeoffs 

and guide monitoring. 

 

In sum, we agree with several of the points 

made by the authors. Users need to be aware 

of the assumptions used, but they should be 

even more aware that the models frame the 

inevitable negotiations by constraining op-

tions and signaling whether there is a way 

out of the problem. Relatedly, we argue that 

the authors set up a false dichotomy: relying 

on mathematical modeling or direct scien-

tific observation to make policy. In practice, 

the two are often combined. However, even 

if they are not combined, decisions in the 

ENR policy arena are the product of bar-

gaining and negotiation, are conducted un-

der time constraints that often preclude long-

term observations, and are sometimes pref-

erable to observing natural resource decline 

before one can decide what to do about it. 

Finally, once policymakers pursue the adap-

tive management prescribed by the authors, 

mathematical models can give greater trans-

parency for policymakers to the tradeoffs 

involved in decision making. As such, rather 

than "useless," mathematical modeling done 

with an appreciation of its strengths and 

limitations may be helpful in enabling sound 

ENR decisions. 
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