Modeling the Spread of the West Nile Virus

New Mexico High School
Supercomputing Challenge
Final Report
April 3, 2002

Team #019
Bosque School

Team Members
Samuel R. Ashmore
Jessica E. Behles
Adrienne K. Cox
Geraldine K. Prashun
Kenny E. Sutherland

Teachers
Debra M. Loftin
Dorothy I. Ashmore

Project Advisor
Dr. Rudy Bueno






Modeling the Spread of the West Nile Virus

Table of Contents

LISt OF FIQUIES ...ttt ettt bbb bbb h e H e bbbt b e e e bt b et b e b et e b e b et b et et et e et iii
I 0 o = RS SR iii
EXECULIVE SUMIMBIY ...ttt ettt b et h bbb e bt e e b e e bt H e e e b b et e b8 e s e bt e b e e e bt b e s eb e b e s ene e e s ens 1
(gL 0o 8 (o) o FOU USSR 2
LI L=T 0] o1 o P USRS 2
LI L ()= USSR 2
[RF" (o o0 aTo I g\ {1007 1o o SR 3
TRE VITUS ...ttt ettt e s et b b e e se b et e bt E e s e Rt b e s e Rt s b e n s e st e R e b e st e b e b e ne e R b et e b e be e e ne b e e 3
01 [T (o == SSRRS 5
101 (0 1T T T TSSO TP PR USPSPTPON 6
L (0] £ PP PR 7
Lo el D= el g o1 o] o IO TSSOSO USRS 8
Mosguito Population GrOWEN MOTEL .........c.ciiiiiiee bbb e b e st b e e 9
CIOW POPUIBIION ...tttk eb et b e st b e et b e s ekt b e se e bt s b e s e eb e e b et eb e s b e e e st eb e seeneebesee st ebeseeneebeseeneas 11
County POPUIELTON PrOfITES ..ottt e s b et ae et e e et se e et e s aesae e e e e e nbeseeas 12
RESUIES. ... ettt st s et e s te e et e st et et e st e e et e s ee e et e ebe st eb e s R e Rt e R e eR e Rt eEene e Rt e b e naeReeEenee Rt eEenEenentenee e erenreneas 14
100 00! [ o] <RSP 17
RECOMIMENUEALIONS........cetiieieeiesieieie et sttt st bese e st besee st e beseeseabeseebesbeseebesbeseebesbeneebeseese et e seeneebeseenenbeseeneeteneenens 19
L@X o1 Y, oo = PRSPPI 19
Kot o L1 T1 (o 1Y oo [ RS 19
01011 =0 o =07 ) SRS 21
G 1 (= 101U 22
Appendix A — The Mosquito MOAEl COUE........cceiirireeiereres et e e se e tesresreste e eneeneeneeneesrens 24
ApPPendix B — SAMPIE INPUE DELA .......ccueieeiiuirieieiereeeeie sttt sb e s ie bbbt b e sb e e b e s e et ebese et ebeseeneebeseeneas 30
Appendix C —Mosquito Model OULPUL DY COUNLY .......erveueriireeiiieieeesieneete sttt s sb e e sbe e 37
BENEITTO COUNLY ...ttt ettt et b e skt b e et b e s e bt b se Rt b e e bt e b e st e bt e b e st e bt ebe st e nesbeseenenbe e 38
(0% 170) 0 JO(a ¥ [ Y2 TSP PP PR PRSPPI 39
CRAVES COUNLY ...ttt ettt sttt e e e bese e b e s beeheeae e e e s besEeeEeebeeheeh e e aeemeeaEeaEeabeeaeame e e anbeseeabesaeeaeeneansanbeseeas 40
L0110 1= K 011 o1 Y2 SSRSN 40
L0110 1= K 011 o1 Y2 SO 41
(00 = 7 @0 TH | 42
LT Y o 1R 43
[T o = o= 5011 11RO 44
L] 7= AN = N0 T SRR 45
EAOY COUNLY ...ttt et et b e e h e b st h e s bt h e b e e e bt e b e e e bt b e e e bt s R e me e b e ne e bt eb e st e bt ebeneenenbeneenenbenne 46
GFAINE COUNLY ...ttt r bbb et e s e e e s e R e se e R e b e e R e s e s e R AE e e R e e R e R e e ae e e e nese e aE e s aeebeennenennennean 47
GUABIUDPE COUNLY ...ttt ettt ettt b e e b e et b e se et b e s e e he e b e se e bt e b e s e e bt eb e se e bt e b e seeb e eb e s e en e ebeseene et e seeneebeseeneas 48
L F= 1 [T To T O 1 USRS 49
L 1Ko = Fo To T @Xa 1N oYU 50
L BB COUNTY ...ttt ettt sttt ettt he e bt e sbe e e e e et e ae e eae e be 2 bt e aE e ea b e eRe e R e e R e e R e eREeeRe e eReeeReeaReereenneennenreenrean 51
[T o g T RS 52
L OS ALBIMOS COUMLY ....vviuieuieieitestestesteeteeieeeestestestessessesseeseessesaseeseeatesaeaseessensesseseeteseeasesseeasenseseenteseeatenseeneensessenseses 53
[0 1= W @010 |V SO 54
o ST = 0TS 55
o= o 1RSSR 56
L = (o 10T 11U 57
QUEBY COUNLY ...ttt et r st re e r bt b e e e e e ne e R e st e s e e e e R e R e AR e e R e e ae e s e e e e s eheeas e e e nese e eR e e bt ebeenn e nennenreas 58
RIO ATTIDA COUNLY ...ttt et b e et b e et b e s et s h e st h e b et e bt b e s e e bt b e st e bt ebeneeaesbeseenenbe e 59
ROOSEVEIT COUNLY ...ttt ettt sttt b et ae et e e e be s et e b e aeeh e e Rt e e e m e e sE e b e sheebeeaeeaeem e e seebesbeebeeaeeneeneeseenbeses 60
SAIN JUBIN COUNLY ...ttt ettt ettt e saeesae e et e et eae e eae e b e ea b e ea b e eabesae e eae e she e eEe 2 aee e aeeeaeeeaeeebe et e e beenbennrennnesanas 61
SAN IMIGUE] COUNLY ...ttt sttt ettt be b e ae e st e e e e e e seeeb e e beeheeae e e e aeesEeebesheeheebe e e anbeseeabesaeebeeneensabeseeas 62
S 010 (07 I o o | SRR 63
2 1= T @011 o | SRS 64

Supercomputing Challenge Team 019 i Bosqgue School



Modeling the Spread of the West Nile Virus

SIEITA COUNLY ....vineeteeteeetert ettt sttt ettt e etk e et b e se e st eb e se e st eb e se e R e eb e s e e st e bt AE e R e e b e s e eh e eb e seeh e eb e neemeeb e s e eneebesee st ebeseeneebeseeneas 65
SOCOMO COUNLY ...ttt ettt e et ettt e e s aeesaeesheesae e et e et eaeeeaeeabe e b e aa s e ea b e ehe e eh e e eb e e beeaee S ae e eaeeeaeeeaneebe e b e e beenbeenrennnesanas 66
TBOS COUNLY ...ttt ettt ettt ettt e e s aeeshe e sae e sae e bt e as e eaeeeh e e b e e b e e abe e aeeeae e eRe e eae e s e e beaReeaseamneeanenbeenbeenbeenbenanesanas 67
TOMTANCE COUNLY ...ttt sttt ettt et e e te et e et abesaeesaeeshe e saeeee e ae e eaeeeae e b e e abeeae e eh e e ab e e b e e eeeae e e meeeaneeaneebeebeebennbennnesanas 68
L a0 011 g1 RS 69
V2= =g Tot = T 01U g 7S 70
Appendix D — The Crow MOOEl COUE.........ccv ettt st e e e e besaesbeeneenesbesaeeneeneeneeteseens 71
AppendiX E — Crow POPUIGLION D AL.........cceieeeeririeseiisesieeeeeesees e sees e sessesseseeseessessessessessesssesesssessessessesseensessessens 74

Supercomputing Challenge Team 019 ii Bosqgue School



Modeling the Spread of the West Nile Virus

List of Figures

Figure 1. Life Cvcle Of the Culesc FrSalis .. ieeeeceeeeeererererereeeeceseeeesesereresesessissssssssesesesesesessasasesasasens 6
Figure 2. Development Time of the Calex arS@lis. ...........ueecueeiiuiciiniciiiiiiciciciccicin, 10
Figure 3. Mosquito Population Profile ... 14
Figure 4. Potential Vitus INFECHOMNS wivvvvrerrrererererereesiiiteseseseteeseesssssssesesesesesesesssssssssesssesesesesssssssssssens 15
Figure 5. VBI values for each New MexXicO COUNLY v.vovvvererererereiieeererererereseteessssesesesesesesessssesesens 16

List of Tables

Table 1. Tifespan of Adult MOSQUIO .....ccucuieciiuieciiiiciiiieiii ettt 8
Table 2. Population Profiles for New MexicO COUNLIES .....uuuuiimiiciiieiiseiiisicieicaesssesssenes 13

Supercomputing Challenge Team 019 iii Bosqgue School



Modeling the Spread of the West Nile Virus

Executive Summary

The West Nile Virusis not a new virus, in in that it has been known to exist as a human
infection for some time. However, its presence in the United States is recent, and its appearance
caused an immediate panic upon its outbreak in New York City in the summer of 1999. It has
already spread via the American Crow, its chief host, at a rapid rate along the East Coast, and it
has spread in more concentrated areas because of mosguitoes, one the most common mosquito
being the Culex tarsalis. While various government and health agencies have focused on
recording the Virus movements, little has been done to track its possible spread. Were this
movement able to be modeled, even to a very rough degree, scientists would be able to anticipate
outbreaks and act accordingly. This project was originally intended to act as a tool for this
specific purpose, but has since been modified to concentrate on the population of its vectors in

New Mexico.
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Introduction

The Problem

The West Nile Virus was first detected in the United States in 1999. This initial outbreak
resulted in 62 serious human infections, leading to seven deaths. Two additional deaths and 19
human infections occurred in the United States in the year 2000. By September 2001, the virus
had been detected in wildlife populations in 27 states and in Canada. It has spread from its first
North American location, New York, and now covers a region from Toronto, Canada, to
northern Florida, and it has spread across the Eastern seaboard as far west as Arkansas and
Missouri. More recently, several infected crow cases have been confirmed in Tennessee, and
precautions are being taken to prevent the virus from spreading into the human population.
However, should the virus continue southwest to Texas, a large hub of commerce in the U.S,, it
would have the potential to spread into the remainder of the country with increased momentum.
Government agencies and centers, such as the Centers for Disease Control and Prevention
(CDC), monitor the spread of the Virus. The problem with such agencies is that they monitor
where the virus has already spread, but do not make any predictions as to future spread or rates

of risk in any given area.

The Project

The original purpose of this project was to predict the spread of the West Nile Virus
throughout the United States. However, problems with resources, inappropriate model types,
and time restrictions prevented us from achieving that goal. The current goal is to create a model
that will predict the risk of becoming infected with the West Nile Virus on a county-by-county

basis. To begin with, the model will be limited to the state of New Mexico. The current output
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is a numerical value that will assess the risk of being bitten by an infected mosquito for each
county. First, developing an understanding of the dynamics of the disease, such as its vectors
and rate of spread, was necessary. Initialy, the vectors were limited to mosquitoes and crows, as
the migration of the latter is not limited exclusively to this state. Due to a pronounced lack of
data, the model for crow migration and interaction is not so complete as that for mosguitoes in
terms of how it could be used for modeling the spread of the Virus. With this data, the program
can be expanded to include larger geographic areas, broader weather patterns, additional vectors,

and migratory fly-ways.

Background Information

The Virus

In 1937, in the West Nile District of Uganda, awoman was ill with what appeared to be a
typical fever. Further observation revealed that the woman was afflicted, not with a common
cold or flu, but with a new and potentially deadly strain of encephalitis. This virus was first
recognized as a cause of severe human meningoencephilitis among the elderly during a 1957
outbreak in Israel, and was detected in horses in Egypt and France in the early 1960s.
Meningoencephilits is the inflammation of the spinal chord and brain. In 1999, it was identified
and named the West Nile Virus. While scientists are unsure of exactly when the Virus arrived in
the United States, it was a string of occurrences in New York that led them to conclude that,

indeed, the Virus was present on U.S. soil.

In the summer of 1999, the West Nile Virus manifested itself in New York City in the
form of 59 severe cases of encephalitis and meningitis, three less severe cases, and seven deaths.

In an effort to determine the initial extent of the disease’s spread, the New Y ork City Department
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of Health and the Centers for Disease Control and Prevention, USA, conducted a household-
based survey that consisted of blood tests of 677 individuals from 459 households. Nineteen
individuals (2.6%) tested to be seropositive — their blood contained antibodies essential for the
virus's incubation — and one third of these individuals reported recent fever-like symptoms. 70

individual s tested to be seronegative.

The initial symptoms can be as mild as a fever and body aches, and sometimes a mild
rash and swollen lymph glands, from which patients typically recover fully. In some cases,
usually among the elderly and young children, the Virus causes inflammation of brain tissue, the
symptom most commonly associated with encephalitis. The most serious cases can result in
permanent damage to brain tissue, and rarely in death for about 3 to 15 percent of patients.
These critical cases, or additional symptoms, will rarely occur in patients aged 5 to 50 years.
Other symptoms include a severe headache, confusion, loss of consciousness, which may induce
a coma, and muscle weakness. All members of this virus genus, Flavivirus Japanese
Encephalitis Antigenic Complex, share these symptoms, St. Louis and Japanese encephalitis
being among the most widely spread viruses. A flavivirus is transmitted through arthropods,
meaning bites from mosquitoes, ticks, etc., and is capable of reproducing within the carrier. The
Virus is more widely classified as an arbovirus — Artrhopod-borne virus — and will eventually
share the typical trait of arboviral encephilitedes, i.e., existing in a wide-spread geographical

region, and capable of being transmitted through most mammalian species.

The most important factors in the spread of this disease are the mosquito population,
migration of crows, and these species interactions with humans. As the mosquito population
grows, its contact with humans, horses, and crows increases. This results in the further spread of

the Virus. One mosquito’s possession of the Virus will lead to its transmission to every
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organism that it blood feeds on. Crows are considered to be reservoir hosts, meaning that they
are both carriers and transmitters of the Virus. Should an uninfected mosquito bite an infected
crow, it is likely that the mosquito will receive the pathogen, which in turn could spread it
further. If this mosquito goes on to bite a human or another mammal such as a horse, a dead-end
host, it is a one-way transmission. A dead-end host refers to the fact it cannot transmit the

pathogen any further.

Mosquitoes

Mosquitoes act as the primary vector for the spread of the West Nile Virus, aswell as
other arboviruses. There are over 2,500 species of mosquitoes in the world, and over 150 in the
United States alone. The species modeled in this project isthe Culex tarsalis, due to its major
role in the spreading of the Virus, aswell asits prominence in New Mexico. Theindividual
Culex species share common traits with one another, and are found throughout the continental
United States. Out of the population, only the females of the species blood feed, and perform
this through biting a subject. While mosquito bites are a common nuisance among humans,
mosquitoes blood-feed on birds three times as often. The purpose of the blood feeding processis
to accumulate the proteins that allow the female to produce eggs. Five days following the blood
meal, the female lays approximately between 100 and 150 eggs on the surface of a pool of
stagnant water, such as a birdbath or clogged gutter. The egg will remain on the surface for two
days, after which the larvawill hatch, providing that the nighttime temperatures remain above 50
degrees. Mosquito larvae develop into a pupa underwater over a period of about 7 to 17 days,
depending on the water’ s temperature; higher temperatures will result in a shorter devel opmental
period. It will remain in the pupastage for up to 4 days. At the end of thistime, the pupa

completes its devel opment into an adult mosquito, and leaves the water to restart the cycle, in the
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casethat it isafemale. Because the males do not blood feed, they do not, for the most part, play

alargerolein the cycle, illustrated in Figure 1.
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Figurel. Life Cycle of the Culex tarsalis

Crows

In order to accurately model the spread of the Virus, mosguitoes and crows, the most
common reservoir hosts of the Virus, must both be modeled. The crow chosen for the model is
the Corvidae brachyrhynchos, more commonly known as the American Crow. This species was
chosen due to its greater numbers in New Mexico, relative to other carrier species, as well as for

its capacity for carrying the Virus. Crows are migratory species that, during the fall and winter,
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seek shelter in the Rio Grande Valley. In 2000, the estimated total crow population in the U.S.
was over 3 billion. Because of this species heartiness, and the fact that it is a scavenger bird
with avery broad diet consisting of insects, fruit, carrion, etc., the crow is capable of living year-
round in many different climatic zones without migrating. When they do migrate, their fly-ways
are much shorter compared with the Canadian Goose, for example, which travels a few hundred
miles at most, typically limiting movement between states. A female crow will typicaly lay 4-6
eggs per year.  While its presence in other parts of the nation year-round is common, the
American crow was listed as an uncommon transient, in both spring and fall, in the Sandia and
Manzanita Mountains within the Cibola National Forest in Bernalillo County. This speciesis not

commonly seen year-round in New Mexico, and breeds during the summer months.

Horses

The Virus manifestation in horses is similar to that in humans. A horse will contract it
from an infected mosqguito bite, and symptoms such as disorientation, lack of appetite, and
laziness will occur, followed in most cases by lethargy and death. While these symptoms are
similar to Eastern and Western Equine Encephalitis, the vaccinations for these diseases have not
been proven to be effective against West Nile. In 2001, a vaccine was created to combat the
Virus and its high fatality rate among horses, but has not as yet been proven as being effective.
However, swift and consistent veterinary treatment to infected horses has provided successful

treatment for infections caught early enough.
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Project Description

Finding sufficient data pertaining to mosquito population growth and blood feeding
habits, crow population growth and migration data, and daily temperature data was of foremost
importance because the interaction of the mosqguito population with other species is the major
factor in spreading the Virus. Using crow populations as the primary “other species,” a program

could be created that would model the mosquito population.

Population information was obtained from Dr. Rudy Bueno, the team’s mentor, on the
Culex tarsalis, the major vector for the spread of encephalitis in New Mexico. Through this
data, it was found that the primary factor in determining the mosquito population is the daily
temperature. Depending on the temperature, the length of the mosquito’s life cycle changes.
During periods of cold wesather, the time it takes mosquitoes to develop increases, and their adult
lifespan can be as high as 37 days (Table 1). Asthe temperature increases, a mosquito’s lifespan

decreases.

Nighttime Temperature |Adult Mosquito life span
50 F 37 days

68 F 18 days

70 F 17 days

80 F 10 days

88 F 7 days

Tablel. Lifespan of Adult Mosquito

Since the length of a mosquito’s lifecycle changes according to the weather, a logistic
growth model would not work. This logistic type of growth model assumes that the population
reproduces once after a fixed number of days, but does not incorporate changes in the

reproductive cycle based on temperature, which the model requires. Logistic growth models also
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require the input of a carrying capacity, which is difficult to determine for any species. In order
to develop such a model, the average temperature per day from the past 30 years was obtained
from the Western Regional Climate Center (WRCC) and used to estimate the average
temperature for a one-year cycle in the model. In the model, once the nighttime temperature
reaches 50° F, the mosquito population will begin to blood feed and reproduce. When the

nighttime low falls below 50° F, the population will begin to decline as reproduction ceases.

Mosquito Population Growth Model

The first step in the project was to develop a mosquito growth model for Bernalillo
County. To make this growth compatible for any region used, all of the county-specific weather
datafrom the daily weather file, also provided by the WRCC, was analyzed. This data was used
without any modification and can be interpreted directly by the program, meaning raw data in
any form can be implemented. The program edits out any irrelevant headers and any

unnecessary data.

The mosquito growth equations are designed specifically for the mosquito Culex tarsalis.
They were developed using the population data collected, and were used to create a graph, from
which several trend lines were drawn. Figure 2 shows the length of time that a mosquito spends
in the larvae stage, pupa stage and the adult mosquito stage of its life span. When the nighttime
temperature is 50° F, amosquito is alarva for 16 days, pupa for 4 days and an adult mosquito 37
days. As the temperature increases, the length of time that a mosquito spends in each stage

decreases.
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Development Time
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Figure 2. Development Time of the Culex tarsalis.

When the nighttime temperature gets over 50° F in the spring, the over-wintering (i.e.,
hibernating) Culex tarsalis stop their hibernation cycle and begin to blood feed. The model
begins with one over-wintering mosquito, which will lay eggs after five days. These eggs take
two days to mature, after which they hatch into larvae. Mosquitoes stay as larvae for as many as
17 days during the coldest days and as few as 7 days during the hottest days in summer. During
the larva stage and the pupa stage, the mosquitoes are easy prey, which is taken into account with
a 5 percent survival rate variable. The remaining 5 percent will grow into the pupa stage, where
they will mature for approximately four days, after which they mature into an adult mosquito.
The female mosquitoes will then mate and begin the blood feeding process again. The program
uses this cycle in order to model the mosquito population growth. The length of time that it
takes for the mosguito to develop is calculated and recorded. This program continues until the

temperature is lower than 50° F at night, after which the mosquitoes slowly die off.
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The output of this program is the first, second, and third bites. These are important
because if the mosquito receives the Virus pathogen, i.e. becomes infected, on the first bite, then
its lifespan will alow it to transmit the pathogen to two other hosts, assuming the mosquito will
live to its fullest possible age. During times when these second and third bites occur often in a
county that harbors the West Nile Virus, the number of infections will increase. The output also

contains the population data for the mosquitoes.

Crow Population

Because crows have been the chief carrier of the Virus from state to state, creating a
model for their movements and population that works in conjunction with the mosquito model
was necessary because with smaller population numbers, the crow population will have more
occurrences of the Virus. Once the Virus has thoroughly circulated throughout a mosquito
population, the migration of crows becomes a major factor when trying to predict the spread of
the Virus. This migration allows for easier transmission of the Virus as the crow population
encounters other infected crow hosts and infected mosquitoes. When a crow has been infected
with the Virus, it will live for about two weeks before it dies; there is a 100 percent fatality rate

among Crows.

The Crow Population Model

Because the crow is the most common reservoir host for the Virus, its implementation
into the model was essential. However, the data gathered for crow populationsin New Mexico is
very sparse, as they are not year-round birds, and there are trends within the growths and
declines that may indicate skewed data. For example, in San Miguel County, the amount of

crows seen doubled in one year, and then dropped by more than half the next year. While this
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could be seen as aflukein only one year, there are similar trends in almost every county that data
was gathered from; 13 out of 33 counties offered feasible crow data. While many of these
counties don’t have an acceptable climate for crows, some of them, like Bernalillo County,
harbor many crows, although officials collect no records of their populations, perhaps due to the

fact the state functions only as their wintering home.

To create the program, the variations in the crow populations over the course of thirty
years were computed. The equation created takes the average population in a certain area, and
then computes the average variance in the crow population. With this information, a program
was created that assumes that the crow population in New Mexico will stay approximately the
same over time. Using the variations created in the data, cycles were created that are 14 years
long. Within this period of time, the fluctuations of the population fall into a growth and decline
that fits a seven-year cycle. Thiswill alow the program to create arelatively accurate
representation of the number of crowsthat are in New Mexico. Although there are counties that
have little or no definite crow data, it can be postulated that there are crows present in those
areas. Thus, population data from neighboring counties that have similar climate conditions

were used to estimate unknown populations.

County Population Profiles

Another important factor in modeling the spread of the Virus is the population profile. If
the county is made up of a high percentage of elderly (over 50) or children (under five), the
Virusis more likely to cause a serious threat to the population, since its majority will be more at

risk of becoming infected. Population data was gathered from the 2000 U.S. Census (table 2). S
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County

Bernalillo County
Catron County
Chaves County
Cibola County
Colfax County
Curry County

De Baca County
Dona Ana County
Eddy County
Grant County
Guadalupe County
Harding County
Hidalgo County
Lea County
Lincoln County
Los Alamos County
Luna County
McKinley County
Mora County
Otero County
Quay County

Rio Arriba County
Roosevelt County
Sandova County
San Juan County
San Miguel County
Santa Fe County
Sierra County
Socorro County
Taos County
Torrance County
Union County
Valencia County

Modeling the Spread of the West Nile Virus

Total Population  0-5 6-49

556678 83%  65.2%
3543 5.3% 48.8%
61382 8.7%  62.1%
25595 95%  65.0%
14189 6.7%  57.5%
45044 10.3%  65.8%
2240 6.3% 51.1%
174682 94% 67.0%
51658 88% 61.5%
31002 81% 57.4%
4680 6.6%  64.6%
810 42%  48.1%
5932 9.3% 61.4%
55511 9.2%  65.0%
19411 6.2%  53.9%
18343 7.0%  59.9%
25016 9.4%  56.4%
74798 11.1%  70.4%
5180 7.3%  59.2%
62298 9.0% 64.7%
10155 6.5%  55.6%
41190 84%  65.3%
18018 9.1% 66.0%
89908 89%  66.0%
113801 9.7%  68.0%
30126 79%  64.4%
129292 74%  63.4%
13270 58%  45.6%
18078 86% 652%
29979 7.0%  61.0%
16911 84%  66.3%
4174 7.3%  58.2%
66152 9.2%  65.9%

Table 2. Population Profilesfor New Mexico Counties

Supercomputing Challenge Team 019 13

50+ At Risk

26.5% 34.8%
45.9% 51.2%
29.3% 37.9%
25.5% 35.0%
35.8% 42.5%
23.9% 34.2%
42.6% 48.9%
23.6% 33.0%
29.7% 38.5%
34.5% 42.6%
28.8% 35.4%
47.7% 51.9%
29.2% 38.6%
25.8% 35.0%
39.9% 46.1%
33.1% 40.1%
34.2% 43.6%
18.5% 29.6%
33.5% 40.8%
26.3% 35.3%
38.0% 44.4%
26.3% 34.7%
24.8% 34.0%
25.0% 34.0%
22.3% 32.0%
27.7% 35.6%
29.1% 36.6%
48.5% 54.4%
26.2% 34.8%
32.1% 39.0%
25.3% 33.7%
34.5% 41.8%
24.9% 34.1%
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Results

Our mosquito population program produced data for every single county in New Mexico.
This data contained the total number of mosquitoes and the total number of first, second and

third bites (Figure 3).

Culex tarsalis Mosquito Population Profile for
Bernalillo County
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Figure 3. Mosquito Population Profile

Our mosquito population program aso produced estimates for second and third blood
feeding incidents for each of the adult female mosquitoes. Figure 4 shows the Virus-spreading
blood feeding incident (VBI) over one year in New Mexico. This VBI deals with total number
of potential bites that could spread the virus. Figure 5 shows the total VBI for each New Mexico
county. This VBI is partialy similar to the total mosquito population, except that it deals with

the total number of mosquitoes in certain stages of their lives. VBIs and total mosquito
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population are computed based on the assumption that one mosquito over-winters from the

previous year.
Potential Virus Spreading Bloodfeeding Incidents for
Bernalillo County
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Figure 4. Potential Virusinfections
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Conclusions

Even though Figure 5 shows that two counties have a VBI of 0, this only means that the
people in that county will not likely get the virus from a Culex tarsalis. Then reason they have
such a low VBI is because the temperature doesn't get warm enough to support the Culex
tarsalis population. However, Culex tarsalis are one of the most abundant mosquitoes in New

Mexico, and they aren’t the only ones that spread viruses like the West Nile.

In Bernalillo County, the mosquito population peaks in late September and the beginning
of October with a total population of almost 12,000. In this area, between the beginning of
September and the end of October; the bite count -- the number of bites from female adult
mosquitoes per day -- peaks as well. Since the population and the number of bites are both
especially high during this period, people are at a higher risk of getting the Virus, should it be

present in the mosquito population.

The crow population peaks every fourteen years in any county. This allows for high
numbers of reservoir hosts to be developed. Because of their prevalence in the Rio Grande
Valley, which is also a perfect habitat for mosquitoes, there is a greater possibility of interaction.
Since the mosquito population peaks during the fall, when crows are in the same region, the

Virus can spread easily between the two species.

Because the symptoms of the West Nile Virus are similar to those of the flu, an outbreak
might seem to the public like a simple flu season. This creates the potential for an unchecked
outbreak. Thus, if the West Nile Virus exists in their region and the risk of getting it is
especialy high there, people should know to seek trestment for it. Making this knowledge

available has become one of the main goals of the program.
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All of the models that were created supplied necessary information for the final program.
Although the population model that was designed was initially for mosquitoes and crows in the
counties of New Mexico, it is possible to provide the basic model with different data. Thus, it is
easily possible to model both mosquito and crow populations and the resulting number of VBIs
in every county in every state in the United States by simply plugging in available weather data

of the county.

The process of entering the data is very straightforward. Using the standard running
command “./a.out,” and entering the name of the county, the user can obtain the output. The
program saves it to a “.data’ file automatically. The user must also open the saved .datafilein
Excel to confirm its transformation into a spreadsheet. For avisual output, the user has to select
the third column of data in this spreadsheet, hit the graph, choose the area graph and follow the

normal steps for creating graphsin Excel.

After comparing the counties in New Mexico to each other, Rio Arriba County has the
lowest risk rate of becoming infected with the West Nile Virus, Otero County has the highest
risk. The VBI in Rio Arriba County is 0, because there are no Culex tarsalis, and almost no risk
of getting infected. In addition, the percentage of people at risk is only 34.7 percent. In Otero
County, however, which is located in southern New Mexico, the VBI is 50,626. 35.3 percent of

Otero’s population is at the risk of becoming infected with the Virus.

This comparison shows the importance of knowing whether or not oneisliving in an area
with alarge mosquito population and a consequently high VBI, as well as whether many people
in high-risk age groups live in the area, should the West Nile Virus enter New Mexico. The

program provides this information quickly and easily for this purpose.
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Recommendations

There are many variables within this project that still have the opportunity to be
examined. Due to the restrictions created by the lack of variables, the exact spread West Nile

Virus could not accurately be modeled.

Crow Model

Because of alack of data on crow migration and population, a model that could calculate
apopulation’s spread accurately enough could not be created. However, the current crow
population model could currently be expanded and improved on in order to include crow

migration between counties.

Mosquito Model

Mosquito population data concerning the total number of mosquitoesin various areas was
also not available. In order to model the mosquito population growth more accurately, the input
of rainfall is also necessary. The use of more sites in the state for weather data and population
data on a city-by-city basis would also improve the accuracy of the data. The mosquito model
can currently model 11 of the western states based on data from the Western Regiona Climate
Center, though not at the level of accuracy additional weather variables would allow. Currently,
the model uses only the Culex tarsalis, which is not the only mosquito that transmits the Virus;
implementing additional common species into the model, and region-specific vector speciesis a

possibility.

Integrating the mosguito model, the crow model and the population profile would alow

for the three basic data types to be created simultaneously. The parallelization of the code would
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allow for more of the data to be processed by the computer at once; currently, the model needs to
be run once for each county and the data then has to be collated and compared. The collective
models and program could also be modified to work for different diseases, creating a

susceptibility list from the input of the population profile.
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Appendix A — The Mosquito Model Code

/***************************************************/

[[Temperature header file

//[Team 19

/[Samuel Ashmore, Jessica Behles, Adrienne Cox,
//Geraldine Prashun, Kenny Sutherland

/***************************************************/

class temperature{
public:
double hi;
double low;
int day;
int month;
temperature();
};

/***************************************************/

/[Temperature body file

/[Team 19

//Samuel Ashmore, Jessica Behles, Adrienne Cox,
//Geraldine Prashun, Kenny Sutherland

/***************************************************/

#include "temperature.h”

temperature::temperature()
{

hi=0.0;

low =0.0;

day=0;

month =0;

}

/**********************************************************/

I Mosquito Population Growth Model

I By Team 19 - Bosque School

/[Current Problems: none

//Samuel Ashmore, Jessica Behles, Adrienne Cox,

/IGeradine Prashun,Kenny Sutherland
/**********************************************************/
#include "temperature.h” /[Contains the temperature class
#include <string>

#include <iostream>

#include <fstream>

Supercomputing Challenge Team 019 24 Bosqgue School



Modeling the Spread of the West Nile Virus

/[fixed rates
double smrate=.5;
double drate=.05;
double sprate=1.0;
double hrate=.8;

int main(int argc, char *argv[])
{
/[Temperature infile
temperature county[366];
ifstream infile;
ofstream outfile;
string filename=argv[1];
string end="DT .txt";
string infilename=filename+end;

string outfilename=filename+".data";

infile.open(infilename.data());
outfile.open(outfilename.data());
string line;

string news,

//edits out headers of files
for(int x=0;x<7;x++)

{
getline(infile line);

int doy,mon,day;
float hi, low, blank;

/Ireads in data
for( int Xx=0; x<366;x++)

/I Thisisthe array of temperatures.

/I This portion of the code has been

/I tested in atest program and worked.
/I this string is to clear the header

Il The header files have been formated

I/ so that every files has the same
/] size header in thefile.

/[ The important datais hi and low
Il temperatures since they effect the
/I lifespan of the mosquito in each
/I of its stages.

infile>>doy>>mon>>day>>hi>>blank>>|ow

infile.ignore(200,\n’);
county[doy-1].hi=hi;
county[doy-1].low=low;
county[doy-1].month=mon;
county[doy-1].day=day;

}

//mosguito model
double done=0;

I/ This section readsin only the desired

I/l numbers from the weather file and saves them
I for later use. Currently isalso

/1 stores the month and day of the month
/linit. Thisisanimportant piece

/I of the mosquito model.

/I This section creates the variables for mosquitoes growth

long double eggy 2];
long double larvae[ 14] larvaetime;
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long double pupa[4], pupatime;
long double mosquito[37], mosquitotime, hibmosquito=1,;
int start=0;

/IThis sets the values equal to zero.
for(int i=0;i<2;i++)
{
eggs(i]=0;

for(int i=0;i<14;i++)
{Iavaﬂﬂ=Q
fgdhﬂi:0ﬂ<4ﬂ++)
{ pupa(i]=0;
fgdhﬂi:0ﬂ<37ﬂ++)
inm&wﬂqﬂ:Q

double temp=0;

/[Thisisthe main loop
for(int doy=0;doy<366;doy++)

if (county[doy].low>50) //If the temperature is warm enough the mosquitoes breed

/[ Thelife span of the mosquito very important
1. mosquitotime=int(.0121*county[doy].low*county[doy].low-2.46*county[doy].low+
129.42+.5);

pupati me=int(-0.0526* county[doy].low+5.6842+.5);
larvaetime=int(-0.1579* county[doy].low+19.053+.5);

/IThe mosqguitoes age
for(int a=36;a>0;a--)

{
mosquito[a]=mosquito[a-1];

/lthe mosquitoes that are too old die off
for(int a=36;a>mosquitotime;a--)

{
mosquito[a]=0;

}
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/[Totalp isthe total number of pupathat are too old they become mosguitoes
double total p=0;
/[Figures out how many old pupatheraare
for(int a=3;a>pupatime;a--)
{
total p=pupa a] +totalp;
pupa[a]=0;

//old pupa and pupathat are at the end of pupa life become mosquitoes
if (start==0)
{
mosquito[ O]=hibmosquito; // The hibernating mosquitoes become active
Start=1,
}
else
{
mosquito] 0] =(pupa[int(pupatime-1)] +total p)* smrate;
}
/Ipupa age
for(int a=int(pupatime)-1;a>0;a--)

{
} pupala]=(pupa[a-1]);

/[Total isfor al of the larvae that are too old
double totall=0;
/[All larvae are add up
for(int a=int(larvaetime);a<13;a++)
{
totall=larvae[ a] +totall;
larvae]a]=0;
}
temp=larvag[int(larvaetime)-1] +totall;
pupa[ 0] =((temp)* sprate);
for(int a=int(larvaetime)-1;a>0;a--)
{
larvag]al=larvaga-1]* 1.0;

}
larvae[0]=(eggs[ 1] * dlrate);
/legg advancing

eggs{1]=eggs(0];
egg9 0]=(mosquito[ 5] +mosquito[ 20] +mosquito[ 35])* 120;
done=1,

}

else

{
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if(done==0)//if spring

{ for(int i=0;i<2;i++)
{ eggd(i]=0;

fgr(int i=0;i<14;i++)

larvag[i]=0;

fgr(int i=0;i<4;i++)

{ pupeli]=0;

fgr(int i=1;i<36 ;i++)

i mosquito[i]=int(mosquito[i]* hrate+.5);
}else//if fall
fér(int i=0;i<2;i++)

i eggsli]=0;

for(int a=36;a>0;a--)
mosquito[a]=int(mosquito[a-1]* hrate+.5);

/lthe mosquitoes that are too old die off
for(int a=36;a>mosquitotime;a--)
{
mosquito[a]=0;
}

/[Totap isthe total number of pupathat are too old they become mosqguitoes

//remove pupa
for(int a=3;a>0;a--)
{
} pupa[a]=0;

[[Totdl isfor al of the larvae that are too old
mosquito[ 0] =0;

/llarvae are removed

for(int a=0;a<13;at+)
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{
larvae]a]=0;
}
}
}

double sum=0;
for(int i=0;i<37;i++){
sum=mosquito[i]+sum;//total mosquito population is figured out

outfile.setf(ios::fixed,ios::fl oatfiel d);

outfile.setf(ios::showpoint);

outfile.precision(0);

outfile <<doy<<"\t"<<county[doy].month<<"/"<<county[doy].day<<"\t";

outfile << sum << "\t" << mosguito[ 0]<<"\t" <<mosquito[ 15]<<"\t"<<mosquito[ 30];
outfile<<endl;

}
return O;

}
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Appendix B — Sample Input Data

ALBUQUERQUE WSFO AIRPOR, NEW MEXICO

30 Year Daily Temperature and Precipitation Summary

STATI ON 290234 AVERAGES FROM AVAI LABLE YEARS | N PERI OD

DOY MON DY
1 1 1
2 1 2
3 1 3
4 1 4
5 1 5
6 1 6
7 1 7
8 1 8
9 1 9
10 1 10
11 1 11
12 1 12
13 1 13
14 1 14
15 1 15
16 1 16
17 1 17
18 1 18
19 1 19
20 1 20
21 121
22 1 22
23 1 23
24 1 24
25 1 25
26 1 26
27 1 27
28 1 28
29 1 29
30 1 30
31 1 31
32 2 1
33 2 2
34 2 3
35 2 4
36 2 5
37 2 6
38 2 7
39 2 8

40 2 9
41 2 10
42 2 11

TVAX
45,
46.
46.
46.
46.
46.
46.
46.
46.
46.
46.
47.
47.
47.
47.
47.
47.
48.
48.
48.
48.
49,
49.
49,
49,
49,
49,
50.
50.
50.
50.
51.
51.
51.
51.
52.
52.
52.
52.
53.
53.
53.

ORPFPONOUOINOUIWFROORARPFPONUUOBRARNPFPOORNONDNPFPOOOODUUITWWWNE OO

#YRS TM N
30. 22.8
30. 22.9
30. 22.9
30. 23.0
30. 23.0
30. 23.1
30. 23.2
30. 23.3
30. 23.3
30. 23.3
30. 23.4
30. 23.5
30. 23.5
30. 23.6
30. 23.6
30. 23.7
30. 23.8
30. 24.0
30. 24.1
30. 24.3
30. 24.4
30. 24.5
30. 24.6
30. 24.8
30. 24.8
30. 25.0
30. 25.1
30. 25.2
30. 25. 4
30. 25.5
30. 25.8
30. 25.9
30. 26.0
30. 26. 3
30. 26.4
30. 26.6
30. 26.8
30. 27.0
30. 27.2
30. 27.3
30. 27. 4
30. 27.6
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#YRS PRECI P #YRS SD MAX
. 017
. 017
. 018
. 018
. 018
. 018
. 018
. 018
. 018
. 017
. 017
. 016
. 016
. 015
. 015
. 014
. 016
. 015
. 015
. 015
. 015
. 014
. 014
. 014
. 015
. 015
. 015
. 015
. 014
. 014
. 015
. 015
. 014
. 014
. 014
. 014
. 014
. 015
. 016
. 016
. 015
. 015

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

30

eleololololololoNoNolololoNoNololololoNolooloNoNolololololololololololoNoNoNoNloNe N

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

00 00 0O 00 00 00 0O CO 0O OO0 00 0O 0O CO 0O 00 00 0O CO 0O OO0 00 0O 0O 0O OO0 00 00 0O 0O 00 OO0 00 O © O 00 00 00 0O O

. 741
. 750
. 830
. 902
. 966
. 986
. 019
. 023
. 020
. 979
. 907
. 890
. 800
. 748
. 746
. 689
. 677
. 692
. 659
. 550
. 474
. 374
. 421
.471
. 549
. 601
. 548
. 466
. 385
. 367
. 349
. 312
. 294
. 259
. 214
. 212
. 268
. 331
. 444
. 527
. 539
. 635

1971 TO 2000 .

03]
W)
=
z

PPN NNNNNNNNNNNNNNNNNNNNN

. 806
. 827
. 863
. 928
. 969
. 946
. 905
. 852
. 811
. 770
. 688
. 629
. 553
. 521
. 434
. 405
. 441
. 414

345
198
108
998
943
919
888
885
810
819
775
725
676
697
646
596
593
535
581
644
707
726
734
718
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

ARARBRARDDDDIEDRERROVDCWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNNDNNNNNNNDNNNNDNDNNDNDND

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

N
NP~ O

O©oO~NOO O W

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

N -

O~NO O W

53.
54,
54,
54.
55.
55.
55.
56.
56.
56.
57.
57.
57.
58.
58.
58.
58.
58.
59.
59.
59.
59.
60.
60.
60.
61.
61.
61.
62.
62.
62.
62.
62.
62.
62.
62.
63.
63.
63.
63.
63.
64.
64.
64.
64.
65.
65.
65.
65.
66.
66.
66.
67.
67.
67.
67.
67.

COCOPRNPFPOOUINONUOUOINOOOWROUODANOONURARUIOTWEROUINOANONRRPONUUIWONWOOWONRARRLOARLO

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
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Appendix C — Mosquito Model Output by County

For each county in the New Mexico, one weather station was selected from the Western
Regional Climate Center, from which the daily summary data for a 30-year period was obtai ned.

The following pages summarize the output of the mosqguito population model for each of these

counties.

County | Weather Station Years

Bernalillo ALBUQUERQUE WSFO AIRPOR | 1971 to 2000
Catron HOOD RANGER STN 1971 to 2000
Chaves ROSWELL WSO AIRPORT 1971 to 2000
Cibola GRANTS AIRPORTS 1971 to 2000
Colfax RATON KRTN RADIO 1971 to 2000
Curry CLOVIS 1971 to 2000
De Baca FORT SUMNER 1971 to 2000
DofiaAna | STATEUNIVERSITY 1971 to 2000
Eddy CARLSBAD 1971 to 2000
Grant SILVER CITY 1961 to 1990
Guadalupe | SANTA ROSA 1971 to 2000
Harding MOSQUERO 1971 to 2000
Hidalgo LORDSBURG 4 SE 1971 to 2000
Lea LOVINGTON 2 WNW 1961 to 1990
Lincoln CARRIZOZO 1971 to 2000
LosAlamos | LOSALAMOS 1971 to 2000
Luna DEMING 1971 to 2000
McKinley GALLUPFAA AP 1971 to 2000
Mora GASCON 1971 to 2000
Otero ALAMOGORDO 1971 to 2000
Quay TUCUMCARI FAA AIRPORT 1971 to 2000
Rio Arriba | EL VADO DAM 1971 to 2000
Roosevelt PORTALES 1971 to 2000
San Juan FARMINGTON 3 NE 1971 to 2000
San Miguel | LASVEGAS 2 NW 1971 to 2000
Sandoval BERNALILLO 1 NNE 1971 to 2000
Santa Fe SANTA FE 2 1971 to 2000
Sierra TRUTH OR CONSEQUENCES 1971 to 2000
Socorro SOCORRO 1971 to 2000
Taos TAOS 1971 to 2000
Torrance ESTANCIA 1971 to 2000
Union CLAYTON WSO AIRPORT 1971 to 2000
Valencia LOSLUNAS 3 SSW 1971 to 2000
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Bernalillo County
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Catron County

Mosquito Season: July 7 to September 23
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Chaves County

Mosquito Season: May 14 to November 2
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Cibola County

Mosquito Season: Jun 25 to September 30
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Colfax County

Mosquito Season: July 5 to September 21
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Curry County

Mosquito Season: May15 to November 1
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De Baca County

Mosquito Season: May 16 to October 30
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Dona Ana County

Mosquito Season: May 9 to November 7
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Eddy County

Mosquito Season: April 27 to November 13
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Grant County

Mosquito Season: June 10 to October 25
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Guadalupe County

Mosquito Season: May 20 to October 30
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Harding County

Mosquito Season: June 4 to October 19
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Hidalgo County

Mosquito Season: May 27 to November 2

VBI:3482
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Lea County

Mosquito Season: May5 to November 7
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Lincoln County

Mosquito Season: May 27 to October 26
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Los Alamos County
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Luna County

Mosquito Season: May 19 to November 4
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McKinley County
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Mora County

Mosquito Season: None
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Otero County

Mosquito Season: April 29 to November 14
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Quay County

Mosquito Season: May 12 to November 7
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Rio Arriba County

Mosquito Season: None
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Roosevelt County

Mosquito Season: May 15 to November 3
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San Juan County

Mosquito Season: June 22 to October 7
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San Miguel County

Mosquito Season: June 17 to October 9
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Sandoval County

Mosquito Season: June 11 to October 16
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Santa Fe County
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Sierra County

Mosquito Season: May 6 to November 9
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Socorro County

Mosquito Season: June 2 to October 22
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Taos County

Mosquito Season: July 6 to September 16
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Torrance County

Mosquito Season: June 24 to October 1
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Union County

Mosquito Season: May 29 to October 23
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Valencia County

Mosquito Season: June 6 to October 21
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Appendix D — The Crow Model Code

/***********************************************************

Thisis a population model
Based on asingle year
input  Average population
Varation about the average population
varaition at start
varation at conclusion
Month of the year (1-12)
Output Current population

Kenny Sutherland

***********************************************************/

/[* Define input libraries

#include <iostream.h>
#include <stdlib.h>
#include <math.h>
#include <stdio.h>
#include <fstream.h>
#include <string.h>

/***********************************************************/

/IMain Program
int
main () {
ofstream outfile;
outfile.open("crowpopmodel™);
/IDefine variables
char dummy;
int i, month, minst, minsp, maxst, maxsp;
double xav, dum, duml, pop, xmax, xmini, xminf, vari, varf;
double pi;
pi=3.14159;
/I Start Program
cout<<" The Main Program has Started."<<end!;
/Input Average Population
xav=1000;
[Nnput Initial Variation
vari=0.5;
/Nnput Final Variation
varf=0.5;
[Nnput Minimum Starting Number
minst=2*12;

Supercomputing Challenge Team 019 71 Bosqgue School



Modeling the Spread of the West Nile Virus

[Nnput Minimum Stop Number
minsp=2*12;
/Input Maximum Starting number
maxst=120;
[Input Maximum Stopping Number
maxsp=120;
/ICalculate the population parameters
Xmax=xav* (1+vari);
xmini=xav* (1-vari);
xminf=xav* (1-varf);
cout<<"The Int Max = "<< xmax <<endl;
cout<<"The Int Min = "<< xmini <<endl;
cout<<"The Fin Min = "<< xminf <<endl;
for (I=0; i <12*14; i++){
month=i+1;
cout<<"The Month Equals "<< month <<endl;
/[calcul ate the population
if ((month<=minsp) & & (month>=minst)){
pop=xmini;
if (pop<0.0) {
pop=0.0;
}

} eseif ((month<=maxsp) & & (month>=maxst)){
pop=xmax;
if (pop<0.0) {
pop=0.0;

} eseif ((month>minsp) && (month<maxst)){
dum=(month-minsp);
duml=(maxst-minsp);
dum=dum/dum;
pop=xmini+(xmax-xmini)*sin((pi/2)* dum);
/[cout<<"Minimum Stop to Max Start "<< pop<<" "<< dum <<end!;
if (pop<0.0) {
pop=0.0;
}

} elseif (month<minst){
dum=month+12-maxsp;
duml=(minst+12-maxsp);
dum=dum/dum;
pop=xmax-(xmax-xmini)* sin((pi/2)* dum);
if (pop<0.0) {

pop=0.0;

}

} elsef
dum=month-maxsp;
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duml=(minst+12-maxsp);
dum=dum/dum;
pop=xmax-(xmax-xminf)* sin((pi/2)* dum);
if (pop<0.0) {
pop=0.0;
}
}

cout<<"The Population = "<< pop <<endl;
outfile<< pop <<endl;

}

cin>> dummy;
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Appendix E — Crow Population Data

Region 60004 60005 60006 60009 60010 60013 60015
City Ojo Sacro Farley Grenville La Cienega Pecos Fence Lake Valencia
County Colfax Union Santa Fe San Miguel Cibola Valencia
Year

2000 42 3 5 31

1999 33 2 2 23

1998 1 1 5 29

1997 27 6 13

1996 11 14 1

1995 3 2 1

1994 18 2 1 14 2

1993 9 7 15 1

1992 9 28 2

1991 10 3 26 2

1990 3 5 9 65

1989 8 10 2 4 30

1988 10 11 6

1987 5 4 27 31

1986 9 1

1985 7 1

1984 11

1983 2

1982

1981 7 2

1980 8 2 8 1 1

1979 9 22

1978 10 2 6 1

1977 6 5 1

1976 11 1 1

1975 12

1974 1

1973 17 3

1972 13 5

1971 17

1970 13 2

1969 6

1968 7

1967

1966

1965

1964

1963

1962

1961

1960

1959
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Average 15 1.818182 0.363636 2.7272727 23.454545 0 0.818182
Center 21 5 15 4.5 325 3 155
Variation by 2 0.952381 0.9 0.666667 0.8888889 0.9538462 0.8333333 0.967742
Variation by 4 0.47619 0.45 0.333333 0.4444444 0.4769231 0.4166667 0.483871
Average Variation 0.714286 0.675 0.5 0.6666667 0.7153846 0.625 0.725806

Region 60025 60028 60053 60054 60056 60057 60058 60060
City Caprock Cloudcroft Stinking lake Angel Fire Sedan Mcgaffey Mt. Taylor Gallinas
County Lea Otero Colfax Union Mc Kinley Cibola San Miguel

Year
2000 19 5 11
1999 3
1998 25 13 1 22

1997 23 6 5

1996 19 4

1995 16 14

1994 11 9 3 0 7

1993 2 17

1992 19 8

1991

1990 1

1989

1988

1987

1986

1985

1984

1983

1982

1981

1980

1979

1978

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

A O~ 0

N
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1961
1960
1959

0.090909 0.181818 5.54545455 13.36364 0.272727 4 0.0909091 4.8181818

0.5 1 19 12.5 15 7 0.5 11

0 0 0.97368421 0.64 0 1 0 0.7727273

0 0 0.48684211 0.32 0 0.5 0 0.3863636

0 0 0.73026316 0.48 0 0.75 0 0.5795455

Region 60061 60062 60069 60071 60075 60078 60111 60112
City Variadero Rosebud Reserve Laborcita Red Rock Pinon Sabinoso Logan
County  Sam Miguel Catron Socorro  Grant Otero Quay

Year
2000 6 2 0
1999
1998 6 1
1997 6 2
1996 7 10 1
1995
1994 3
1993 1
1992
1991
1990 1
1989
1988 5
1987 2
1986
1985
1984
1983
1982
1981
1980 1
1979 2
1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968
1967
1966
1965

(o]
N
(631
-
NNDNDN

o)
H
H
[N
P NRRNPR R

[N
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1964
1963
1962
1961
1960
1959

3.4545455 0.818182 1.818182 0.181818 0.090909 0.818182 0.090909 1

4 3 5 0.5 0.5 1 0.5 2.5

0.625 0.833333 0.9 0 1 0.5 0 0.8

0.3125 0.416667 0.45 0 0.5 0.25 0 0.4

0.46875 0.625 0.675 0 0.75 0.375 0 0.6
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