|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

The Economic Impact of Drought on the Whitewater Rafting Industry in
Colorado

Prabhakar Shrestha' and Karina Schoengold?

1. Graduate Student, Department of Agricultural Economics, University of Nebraska-Lincoln
prabhakar.shrestha@huskers.unl.edu, (402) 472-1940
2. Assistant Professor, Department of Agricultural Economics, University of Nebraska-Lincoln
kschoengold2@unle.du, (402) 472-2304

Poster prepared for the presentation at the
Agricultural & Applied Economics Association 2010
AAEA, CAES & WAEA Joint Annual Meeting, Denver, Colorado, July 25-27, 2010.

Copyright 2010 by Shrestha, P. & Schoengold, K. All rights reserved. Readers may make
verbatim copies of this document for non-commercial purposes by any means, provided that this
copyright notice appears on all such copies.


mailto:prabhakar.shrestha@huskers.unl.edu
mailto:kschoengold2@unle.du

Ne

[dS

Lincoln

UNNERSHYRFa The Economic
®

Introduction

Climate Change in the North  American region will
cause decreased snowpack, more winter flooding and
reduced summer flows, exacerbating competition for
over-allocated water resources (IPCC).

The combined effect of low precipitation, high
evaporation losses and temperatures, and higher than
average municipal and agricultural water demands,
resulted in a drought in Colorado and other parts of
the US during 2002 (Pielke et al., 2005).

Changes in extreme weather and climate events have
significant impacts and are among the most serious
challenges to society in coping with a changing
climate (Karl et al., 2008).

Arkansas River is one of the world’s most popular
rafting destinations. In the 2009 season there were
206,000 customers that rafted the river generating
economic impacts of $ 60 million (CROA).

Around 55 different outfitters operated at the Arkansas
River during the 2000-2006 period, 6 of which cover
almost 50 percent of the demand.

During 2002, the rafting industry saw a huge
decline in the number of customers.

Fig 1: Total Number of Rafting Customers Per Year in Arkansas River from 2000 - 2009
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Data Sources

» Daily Company Level Data for 2000-2006:

- focus on the daily trip logs of different companies
across different sections of the river

- covers the number of customers per season per
company during the time period.

- obtained from the Arkansas Headwaters Recreational
Area

» Daily Temperature, Precipitation and River Flow Data
for 2000-2006:
- obtained from the USGS and NWS websites

- average daily weather variables to match the dates

Major Questions

» What is the trend in customer distribution over the
period?

* What is the trend in weather parameters during the
period?

« What is the trend in the customer numbers during a
season?

* What is the trend in the river flow during a season?

» What happens to the customer distribution when the
weather parameters fluctuate?

Initial Results

Fig 3: Daily Streamflow Discharge during a rafting season at Granite

Fig 2: Picture of Arkansas River in reference to the US Map.
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Econometric Model

Model |
NC,, = B+ ﬂlFEt) + :321:8)"' ﬁ372r) + ,B4P(,)+ &
where,

NC = Number of customers on a given day.

Fy= Total Streamflow discharge (measured in cubic feet per second) on a
given day,

F’@= Square of the total Streamflow discharge,
Tw= Maximum dailv temperature (in Celsius) on a given day,
Py= Total daily precipitation (in mm) on a given day.

&€y = Error Term.

Model Il
N C(:) =b +ﬂ1FE:) & :BzF(f)+ ,3372,) + ﬂ413(,)+ fsd02+ g,
where.

d02 = Dummy variable for the drought year (i.e. ‘1’ when year = 2002, ‘0’ if else)
Model 11l
NG, =By + BiFey T BoFot BTy + BByt B:d02+ Bemf + &,
where.

mf = Monthly Dummy included for May-Sept,

Model IV
NCy, =po + B + BoFy+ BTy + BuFiyt Bsd02+ Pemf + fomf *d02+ &,

where.

mf*d02 = Interaction term between month and year 2002.

Summary Statistics

Temp Precipitation Customer Flow

Min. :5.80 Min. - 0.00 Min. - 0.00 Min. - 120.0
1st Qu_15.41 1st Qu.: 0.00 1st Qu_: 10.00 1st Qu.- 44320
Median :17.89 Median : 0.00 Median : 43.00 | Median : 732 90
Mean :17.44 | Mean : 3.958 Mean :183.60 | Mean :878.20
Jrd Qu_-19.43 3rd Qu_: 3.00 | 3rd Qu.: 18300 | 3rd Qu_:1047 70
Max. 2492 Max. 51.64 Max. :2386.00 Max. 339080

Conclusions

* The results from Model | shows a non-monotonic
relationship between the number of customers
and river flow levels.

» The results from Model Il suggests that after
controlling for all the variations in temperature,
precipitation and river flow, there was an average
reduction of 317 customers per day in the 2002
season relative to other years.

» Model lll regression results suggest that on
average the actual number of customers in 2002
was higher for the months of May and June than
the model predicted. As the season progressed
the actual number of customers that rafted
declined from the estimated number of customers.

Limitations and Challenges

 The research could not be expanded to all the
other rivers in Colorado due to time and funding
limitations.

* The study does not look at individual consumer
preferences  over different water levels,
temperature and precipitation.

 Variables like price of trip and distribution of in-state
or out-of-state customers are not currently
available.

Regression Results

Table1: OLS Regression Results with Drought Dummy, Month Dummies & Weather Parameters

Dependent Variable: Number of Customers per day

Explanatory

Fig 4: Relationship between flow and total customers at Browns Canyon across different years.
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Objective

To analyze how changes in weather variables like
temperature, precipitation and in-stream flow affected
the Colorado rafting industry in the 2002 drought.
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Fig 5: Average Daily Precipitation (in mm) across 3 Sites during 2000-2006.

Research Motivation

No statistical research has been conducted to study
the decline in customer numbers for the rafting
industry during the 2002 season.
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Variables Model | Model ll Model Il Model IV
Constant -5.19E+03*** -5.09E+03*** -1.66E+03*** -2 14E+03***
se 2 70E+02 2 71E+02 3.09E+02 3.11E+02
Flow (cfs)
3.59E+00*** 3.31E+00*** 2 05E+00*** 1.95E+00***
se 1 71E-01 1.92E-01 1.80E-01 1. 76E-01
(Flow)?2
-1.02E-03*** -9.38E-04*** -5.96E-04*** -5.39E-04***
se 6.02E-05 6.55E-05 5 78E-05 5 66E-05

Temperature (C)

2.74E+02**

2.79E+02***

7.32E+01**

1.01E+02***

se

1.28E+01

1.29E+01

1.88E+01

1.81E+01

Precipitation
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(mm) 3.71E+00 3.19E+00 -2 42E+00 -1.56E+00
se 3 04E+00 3.03E+00 2 53E+00 2 46E+00
Drought02
-3.169E+02** -2.53E+02** 3.14E+02*
se 1.02E+02 9.39E+01 1.38E+01
June
9.56E+02*** 9.25E+02***
se 8 57E+01 8 69E+01
July
1.99E+03*** 2.08E+03***
se 1.16E+02 1.13E+02
August 7.72E+02™* 7.79E+0Q02***
se 1.15E+02 1.17E+02
June "Drought02 -2.03E+02
se 1 95E+02
July "Drought02 -1.40E+03***
se 1.96E+02
Aug " Droughto2 -8.849E+02***
se 187E+02
R?2 0.4627 0.4687 0.6524 0.6777
E_statistic 184 3 1509 1989 1623
Sample Size (N) 861 861 861 8861

Significance codes: 0 ™ 0.007 ™ 0.071 ™" 0.05 ="0.1

Fig 6: Total Estimated and Actual Customer Numbers for Different Months in 2002
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