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Abstract

We are living in a critical part of time that human beings are threatened by the environment. Under
the critical situations, humans either decide to stay, resist and adapt to the new environment or
decide to move to another location where there is a better situation. If they decide to immigrant to
the new location, the possible destinations can be predicted using of assessing the two groups of
factors including pushing factors and polling factors. For example, the existence of sufficient water
is a pulling factor and consequently the lack of that is a pushing factor. Therefore it is important
to find a way for quantifying and for examining our environment based on these factors. This study
assesses the trend of water storage changes for each state using the GRACE satellite data during
2004-2016 and provides a prediction of the location choices for people who will be faced with the
lack of sufficient water and decided to migrate from their state to another state. Because the
decision of people would depend on other pushing and pulling factors such as cost of living,
education level and etc., we employed a multi-criteria decision-making techniques called TOPSIS
and defined three different scenarios based the weight of water value (25%, 50%, and 75%) in this
decision. Results indicates that States of Alaska, Texas, California, Arizona, New Mexico,
Oklahoma, Utah, Nevada, Louisiana, Colorado, Arkansas, Mississippi, Kansa, and Alabama have
the negative slope in terms of water storage changes and if this situation continues there is a
migration wave from these States to other States. Moreover, the most possible destination for
people who are living in these States are estimated using the TOPSIS model.

Introduction

Nowadays, in the blue planet, sometimes humans forced to move from current locations to another
for a short or long time. According to the recent studies, people would decide to migrate for many
different reasons. These reasons can be classified into four categories. The first reason is originated
from the economic situation. For example, some people may decide to migrate because there is no
proper job in their living space. They may migrate to find a job, earn money and provide the
necessary needs for their family. The second is related to the social migration. These people are
seeking to enjoy a high-quality of education, high-quality of services in their environment.
Generally, they are moving to have a better quality of life. The third category is because of political
migration. For example, some people may migrate for escaping the war. When war happens,
because of unexpected consequences, one of the most important issue is to move to the safe place.
And finally, the fourth category is migration because of the environmental situation. Such as
moving to escape drought, to access to fresh water and to find foods.
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To sum up, we can conclude that the final destination of immigrants depends on the push factors
and pull factors. Push factors are the factors that force people to move from their location such as
war, high rate of unemployment, famine or natural disasters and pull factors are the interesting
factors that make a place attractive for immigrants such as safety, job opportunity, better health
care and high quality of education. Therefore, if we evaluate and quantify the potential of possible
destination locations based on these factors, we can predict the final destination for immigrants.

One of the most important factors that have a high value in a decision of immigrants who are
suffering from famine, drought, lack of food or even the high rate of unemployment is originated
from “the availability of water”. As our water resources includes saltwater (97%) and fresh water
(3%) whose 68.7% is ice and permanent snow, 31% is groundwater and 0.3% is lakes and rivers,
the population growth from 1.65 billion to 6 billion during the 20" century, and also affecting the
climate change and global warming, we can expect that the crisis of lack of sufficient water will
happen in future. Dow et al. (2005) tried to find the connection between water shortage and
population movement. Black et al., (2011) conducted a research on the effect of climate change on
migration pattern. Selby (2012) characterized the relations between water shortage and migration
pattern. Therefore, water shortage will be a critical issue and may a good reason for people to
change their location.

The main object of this study is to answer these question: (1) which state will be faced with water
shortage? (2) Which state would be the destination of people who want to change their location
because of water shortage? What would be the rate of decreasing water storage and increasing
water storage for each state? For answering these questions, the monthly water usage for each state
is extracted using the water equivalent anomaly (WEA) products of Gravity Recovery and Climate
Experiment (GRACE) satellite for a 12 year period (2004-2016). Afterward, the times series of
this dataset and the trend line for each of them is drawn. The slope of the trend line is considered
as the current situation of water storage changes corresponding to each state. Therefore, if a state
has a negative value in the trend line of time series, it is expected that the people who are living in
this State will be faced with the lack of sufficient water and some of them will force to immigrate
assuming that these trends continue. In contrast, if a State has a positive value, it can be a possible
destination for people who are suffering from the lack of sufficient water. However, because
choosing the destination, inherently, is a multi-criteria problem and it is needed to consider other
factors, the technique for an order of preference by similarity to ideal solution (TOPSIS) is used
as multi-criteria decision-making technique to determine and rank the possible destinations under
three scenarios. These scenarios are defined based on the importance of water storage changes
weights in choosing the destination (25%, 50%, and 75%). It should be noted that, in this study,
immigrants are the US people who will decide to move from their State to another because of lack
of water availability and the scale of moving State to State not city to city or country to country.

Methodology

In this section, a brief description of the source of data used in this study, the concept of TOPSIS,
and the process of extraction of the current situation of water storage changes for each State are
discussed.



Data sources

In this study, for extracting the time series of water storage changes corresponding to each State,
the WEA products produced using the measurements of GRACE satellite is used. As it is
mentioned before, choosing the final destination under the lack of sufficient water may depend on
other factors such as employment rate and safety. Therefore, the current situation of each State in
terms of these factors are extracted from a reliable report of CNBC called “America’s Top States
for Business” that have been yearly released from 2007 to 2016.

GRACE

GRACE is a twin satellite launched in March 2002 with a five-year lifespan. The measurements
of this satellite will result in obtaining precise measurements of changing in gravity over the
surface of Earth. Although the products of this satellite are coarse-resolution, the accuracy of them
is acceptable and helps researchers have better interpret of natural processes. One of the most
important products of this satellite is WEA. The logic of producing this product is related to the
water movement. In other words, GRACE can measures the gravity changes and gravity changes
is related to mass changes. Also, the main portion of mass changes has resulted from water
movement or water depletion. As a result, GRACE can provide a product that shows the water
storage changes in time and in space. Therefore, by measuring gravity anomalies, GRACE satellite
is able to produce a product called WEA and shows how water is distributed and how it changes
over time.

America’s Top States for Business

“America’s Top States for Business” report is a reliable that has been presented for each year from
2007-2016. Not only does this report rely on opinion survey, but also it depends upon 40- 60
factors that its data is publicly available. These factors are combined to 10 groups and all 50 State
are scored based on the points that each State received. These 10 groups are the cost of business,
workforce, quality of life, economy transportation and technology, education, Business friendly,
Access to capital, and cost of living. More information about the methodology and public database
used in presenting “America’s Top States for Business” report can be found in
http://www.cnbc.com/2015/05/27/americas-top-states-for-business-2015-our-methodology.html

TOPSIS

When there are several options that each of them has several features, choosing the best option or
ranking them is not easy as it seems. These problems are classified into a Multiple Criteria
Decision Making (MCDM) problems and there are unique methods for solving them. TOPSIS as
one of this technique proposed by Hwang et al. (1995) has the capability of ranking the possible
alternatives based on their attributes. In this study, the alternatives are the name of State and the
attributes are the features of State such as water availability, employment, and crime rate (pushing
and pulling factors). The concept of TOPSIS is based on ranking the alternatives using the
calculation of Euclidian distance from each alternative to the positive ideal solution. Therefore,
TOPSIS ranks the possible alternatives based on this distance. The first step of the TOPSIS method
is the construction of a decision matrix. In this matrix, each row is related to the each possible
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alternatives and each column are related to each attribute. Therefore, the size of the decision matrix
is equal to the number of alternatives x the number of attributes. In the second step, the normalized
decision matrix is generated. Each member of this matrix is calculated using the Eq. (1).
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in which, the i and j stand for attributes index and alternative index, respectively. R;; stands for
the member i (row) and j" (column) in the normalized decision matrix and x;j is the member it

(row) and j™ (column) in the decision matrix. In the third step, the importance of each attribute is
determined as the weighted value (Wj) such that the summation of them is equal to 100. In the
fourth step, the weighting decision matrix is calculated using the Eq. (2)

V; stands for the member i (row) and j™ (column) in the weighting decision matrix.

In the fifth step, the best (V}f) and worst (V;) alternatives in terms of each attribute are chosen. In

the next step, the Euclidian distance between each member of the weighting decision matrix and
the best alternatives and the worst alternatives are calculated using the Eq. (3, 4)
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In the final step, the closeness ratio is computed using the Eq. (5)
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According to the values of C;, the alternatives are sorted from the highest value to lowest value.
Therefore, the alternative that has the highest value is a most desirable alternative.

Main Process:

The first main part of the process of the methodology has been shown in Fig 1.
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Fig 1. The first part of main process

As it is shown in Fig 1, the first step is to obtain the monthly data of total water storage changes
(AWsiorage) and store them for each State during 2004-2016. In this research, WEA product of
GRACE satellite is used as estimations of water storage. Therefore, this dataset is obtained by
connecting to the FTP data server and stored in a specific directory. In the second step, the
shapefiles of the United States are downloaded and split to shapefiles corresponding to each State.
In the third step, the projection of GeoTIFF files and shapefiles are matched using the “Define
Projection toolbox™ called in the Python Programming. Afterward, all GeoTIFF files downloaded
from FTP server and matched their projection with the shapefiles are clipped using “extract by
mask toolbox” of ArcGIS Pro GIS, regarding each State shapefile. Finally, the summation pixels
values located in each State’s shapefile are stored in a spreadsheet format and time series of water
storage, their trend lines and the slope values of each trend line is drawn, is calculated and stored
in an excel format. As it is mentioned before, the slope values of the trend line of these time series,
measure how much the value of water storage changes in each year and show the situation of each
State in terms of water availability rate. In this step, States are classified into two groups. One
group includes States that have Negative Slopes (SNS) and another includes States that have
Positive Slopes (SPS). Assuming these trends continues, we expected that there is gradually



immigrant wave from SNS to SPS. However, more detailed information of these movements is
needed. In other words, which SPS is the most possible destinations for the people who are living
in the SNS? These details are provided by TOPSIS model. Therefore, after calculating slopes and
storing them in spreadsheet file, it turns to the second main part of the process shown in Fig 2.
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Fig 2. The second part of main process

As it is shown in Fig 2, in the second main part, the database is downloaded for each year (2004-
2016) and the time series of each group mentioned in the methodology part for each of States
categorized in the SPS category is extracted. Afterwards, the slope of each time series is calculated
and stored in the spreadsheet file. After doing the same procedure for all groups and all SPS and
constructing the database, it turns to run the TOPSIS model. To execute the TOPSIS both database,
slopes of time series for each ranking groups and the slopes of water storage, are required.
However, because the amount of difference between the slopes of states in SPS and a state in SNS
should be considered in the decision matrix of TOPSIS, each member of decision matrix is
replaced by the ratio values using Eqg. (6).

, Yij — Xij
Yy = abs(x;;) ©)
in which y;; stands for the slope of each attributes of SPS alternatives.

As mentioned in the TOPSIS segment, in executing TOPSIS, the decision matrix, the normalized
decision matrix, and the weighting decision matrix are constructed, respectively. The alternatives
are the names of States and the attributes are the (slope values as the water storage situation, other
factors calculated by CNBC). It should be noted that the weights in the weighting decision matrix,
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are considered based on three deferent scenarios. These scenarios are defined based on the different
importance of water changes rate (weighting values = 25%, 50% and 75%). The weighting values
for other factors are equal to [1- water weighting values]/10. Then, the Euclidian distance for each
member of the weighting decision matrix from the best State and the worst State are calculated.
After executing the TOPSIS model and computing the closeness ratio, a sorted list of SPS in terms
of each State in SNS is provided. Therefore, we can estimate which SPS can be most possible
immigrant choices in terms of each State in SNS category. In other words, we can predict the
immigrant location choices for people who live in a specific State that will be faced with the lack
of water.

It is worth to mention that the main reason for using Python programing is that there were a
numerous GeoTIFF files (144 for 12 years) and downloading these numbers of data cannot be
manually possible. Moreover, these GeoTIFF files should be clipped for each State and stored as
a time series for each State. Therefore, an automated procedure to avoid repetition is employed
using Python environment.

Case study

As it is discussed before, in this study, all 50 States are considered as the case studies for the
period of 2004-2016.

Results

The time series of WEA for each State for 2004-2016 with the trend lines and also the slope of
trend lines for 11 factors (10 for overall scoring of CNBC for 2007-2016 and one for WEA) are
shown in Fig 3 using the scatter plot and bar plot, respectively.



Alaska

Alaska

Alabama

Alabama

©
I Mmm‘_oum Jarep
leydeD 03 $s800y

BuiaI J0 150D

ssaul|puali
ssauisng

uoreanp3

N uoizeAouU|
S pue ABojouyda ]

a1 J0 Ayfend
3 Awouod3g
o

ainjnJis-eaju]

ssauisng
Buloq 40 150D

ESSIINTIITY

- - -Linear (Alaska)

—o— Alaska

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

25000
20000
25000

abe.101s Ja1e
|endeD 03 $s800y

BuIAIT JO 350D

ssauljpusli4
ssauisng

uoreanp3

uoneAOUU|
pue ABojouys |

3)17 0 Aufend

-2.80

o
o Awouod3
<

2.04

aanonais-eu|

- Q ssauisng
S Buioq@ 401500

-
m Y ESIINTLIYY

ceeecoeca
BFma—dSHao s

aul| puaJl 4o adojs ay L

-0.0186x + 726.52

- - -Linear (Alabama)
y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o— Alabama

1500

o
o
o
—

-500
1000
1500

(wuw) Arewouy Jusjeainbg Poym\,_\,

Arkansas

Arkansas

Arizona

Arizona

©
| m abeJ01S J81eM

—
. jended 0} ssa00y
& — BuIAI 401500
ssauljpualio
ssauisng

[ |
-1.07

uoneanp3

uoneAouU|
pue ABojouyda )

a4 0 Anend

-0.46 -0.22 -0.30

Awouoo3

ainpnais-edju|

189 151

ssauisng
Buloq J0 150D

EINTIINY

&
)
[s2]
LIS
oooooooooQ
aul] puaty jo adojs ay L

-0.0822x + 3184.6

- - -Linear (Arkansas)
y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o—Arkansas

1500

o
o
n
R
(ww) Afewouy JusfeAinb3 as1epn

2000

abel01s Jarepn
ende) 03 5300y

(2]
M BuIAIT 40 150D

ssaulpualig
ssauisng

uoneanp3

uoneAouu|
pue ABojouyda L

8417 Jo Auend

i
-1.37

Awouoog

167

2.28

aanjonais-eaju|

I sseuisng
I
~Buioq J0 1500

92401440/

-0.1971x + 7695.3

- - -Linear (Arizona)
y

—o—Arizona

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

1500
1000

o
o
o
Ann
(ww) Apewouy usfeAlinb3 asyepn

1500

Colorado

Colorado

California

California

<
©

| abe101S Ja1e

-0.09

C — [ended 0} sse00y

m— 55U 303500

" 3 ssauljpuali4
S ssauisng
-
S - uoreonp3
—
™ uolyeAouu|
~ H (
o pue ABojouyds |
o
© 817 4o Aurend
N
~
~ Awouod3
-
©o
w aanjonJis-eau|
Q ssauisng
e )
— i Butoq Jo 150D
~
S m 90400
]
©29oo9oo99
aul| puaJy Jo adojs ay L
o
o -«
0. c
2 S
s 7 3
+ v
=} =
< x <
A (o2}
s g N
S 8 g
w 1] -
c > S
- g
Ll b
! ©
! 2
c
<
o b
=}
©o
< 8
b c
s S
<
<
! z
©
o o o o o o
o o o o o
o n [Yel o n
- ' 1.. i

abe.a01s J81e N\

©
s

|eydeD 03 $s800y

] m BuIAIT J0 150D
Ssaul|pualiq
ssauisng

7
] N uolyeanp3

uoneAOUU|
pue ABojouyda |

™
=

' ~
. a1 4o Auend

Awouoo3

-0.19

-2.68

aanjonais-eyul

ssauisng
Buloq@ 401500

2.39

- ESIINTLIYY

<
o

0.0
-2.0

o
<
aul| puai

e Qo
T @

J0 adojs ay L

=1

-0.4471x + 17599

- - -Linear (California)
y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o—_California

4000

o
o
o
N

-3000
-4000

(ww) Arewouy Em_m>__:cm_ BEIETVY

Delaware

Delaware

Connecticut

Connecticut

o
S abel01s Jarep
o

|| m fende 0 ss900y

3 6uin o500

N} ssauljpualig
~ I|pual.
= S ssauisng
uoneanp3
uoneAouu|
pue ABojouyda )

a4 o Anjend

0.42 047
" n

2.02

Awouoo3

-0.34 015

ainpnais-edju|

&  ssauisng
oi BuloQ 403500

S — 20105110/
—

o oo 9o9oQoQ
aul| puaJy jo adojs ay L

0.003x - 116.49

- - -Linear (Delaware)

y

—o—Delaware

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

50

o
¥

oo
ae

(wuw) Afewouy JusfeAinb3 as1epn

abel01s Jarep
[endeD 03 ssa00y

> BuIAIT O 150D

ssaulpustig
ssauisng

uonreonp3

o

3

o

q uoneAouu|
S} pue ABojouyda

8417 Jo Auend

Awouoog

-2.27

S aanjonuis-eau|

¥
ssauisng

Buloq 40 1500

[ 30400

3.47

QOCOO0OOCO0

SoNCSHNgTI0e
aul| puaJl Jo adojs ay L

©
-
g
= S
3
= <
g A
9 <
(<5}
s 3
o wn
O ® S
~ < W
- <
o N =}
m '
B x o
-4 2 -
' o 8
(=} -
1 o ©
1l Q
> [=4
= <
3
2 K
g 8
c <
S S
o
O <
N
} £
O O O O O O O O o
® © ¥ o T ex®
(wuw) Arewouy usjeAInb3 aayepn



Georgia

Georgia

Florida

Florida

El OIS EINTY

033 902

Buiai Jo1s00

ssaul|pualiy
ssauisng

016 .68

uoreanp3

. -
-0.84

uolyeAouu|
pue ABojouyos |

0.25

1
o
04140 Aupend

Awouod3

3.43

4.54

ainjonJis-eaju|

ﬁ. ssauisng
o Buloq 4o 150D
m - 20J0PIIOM
oeoceooeooe
aul| puaJy Jo adojs ay L

0.0247x - 959.09

- - -Linear (Georgia)
y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

<
j=2}
S
o
(<3
O]
o o o o o o o
o o o o o o
n o n Yol o n
- = oA
(ww) Arewouy 1usjeAinb3 asrepn
-
pa | abe.101s J81e\
[
S - [endeD 03 sse00y
-
©
mmm Z 6uaijoisod
- 2 Ssaul|pualiq
Q@ ssauisng
~
N | uoneonpg
o
= w uolyeAouu|
S} pue ABojouyos |
(=]
N o Auend
& Awouod3
@
=
o aanjonJis-edju|
S
M. ssauisng
e Buloq Jo 1500
2 — 2010pHOM
o
29909990999
aul| puaJy jo adojs ay L
o
S
<
(]
S
<
—~ 10 o
< H f=4
s 3 S
s 3 y
Lo <
o — L]
g 8
g 9 S
g © c
[ 1" h
1 > ©
! =
=4
©
1+ ]
o
= 8
=) <
w S
+ <
<
S
o o o o o o
o o o o o
n o n Yol o
— -~ Ll A

(ww) Arewouy JusjeAIinb3 asyepn

1 [ende) 0} ss300y

Idaho

Idaho

Hawaii

Hawaii

| abel01s 1918 A

0.34 008

[endeD 03 ss800y

Buiai Jo 1500

4.14

ssaulpualig
ssauisng

uoneanpg

0.5 114

uoryeaouu|
pue ABojouyds

| |
-0.72

8417 Jo Auend

118
1

Awouoo3

2.06

«©
@ aumpnus-eyu

ssauisng
Buroq 0 1500

"9010J5{ 40\

-2,48

coo
T

- - -Linear (Idaho)

—o—Idaho

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

2000
1500
1000
0l
-500
1000
1500

(ww) Afewouy JusjeAinb3 as1epn

o
S abel01s Jarep
o
[52]
< m |eydeD 03 s$800y
o
w5 BuInIT 01500
T ssaul|puali
5 ssauisng
w0
18 uoieonp3
< uoneAouu|
p L pue ABojouyda L
S — 17 Jo Auend
w
3 A
& wouo0d3
2
5 a4njonJIs-epu|
2 ssauisng
=} i Buloq 401500
S 820JJ0M
o
Qo9 coa99
esNoq Yy
aul| puaJl Jo adojs ay_L
(32}
©
@
N
n
.
x
™
-
o
=
o

- - -Linear (Hawaii)
y =

—o—Hawaii

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

o n o
N VA AN

n o wowmo

25

(wuw) Afewouy JusfeAlinb3 asyepn

Indiana

Indiana

Illinois

Hllinois

abe101S Ja1e

0.02

]
-0.61

Buin Jo 31500

2.04

ssaul|puali
u ssauisng
] uoieonp3
uolyeAouu|
pue ABojouyds |

045 () g3 -0.62

1
@
2050 Aujend

Awouod3

2.94

~
o ainjonJis-eaju|
<~

ssauisng
Butoq Jo 150D

<
T 9010pLIoM

S m—
o™

[wlelelololelolelelele}]

aul| puaJy Jo adojs ay L

0.0151x - 605.32

- - -Linear (Indiana)
y

—o—Indiana
Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

O O O O O O O O
o O O o O O O
IS §F S

1000

(ww) Arewouy JusjeAinb3 Jsyepn

0.05

abeu01s Jare

ende 03 $s320y

221

BuIAIT 40 350D

3 ssauljpualiy
= ssauisng

uoieonp3

uoneAouU|
pue ABojouyos |

©
m 317 J0 Auend

Awouoo3

1.08

aanonais-eau|

ssauisng
Buloq 401500

18 201

|
! 82J0PI0M

2

LNOLNOLNOLNOIOWNO

NHHOSGininigie
aul| puas} Jo adojs ay L

0.051x - 2009

- - -Linear (lllinois)
y

—o—Illinois

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

o
o
n

1
1000
0l
-500
1000
1500
2000

(ww) >_mEoc<Eo_m>_:mm_ ;.2m>.>

lende) 03 ssa00y

Kansas

Kansas

lowa

lowa

©
=4 abel01s Jare

] m_s_%u 03 $5300Y

BuinI Jo 150D

1.38

ssaul|puali-
ssauisng

|
-0.68

uoneanp3

uoneAouu|
pue ABojouyds )

oy Jo Anjend

030 013

Awouoo3

-2.30 -2.09

2.88

ainnais-eaju|

ssauisng

_— Buloq Jo 150D

-2.27

3 8010110/
IS

ceeceeocoee
SFONHS NG

aul| puadl Jo adojs ay L

@
©O ©
(o2} —
2 :
B ]
+ =}
x <
3 3
~ o -
e & ]
g 3 N
G Y
X 0
<
ry h
[
(<5} o
= -
- g
Ll bl
! =]
! N
c
1%} h
w ©
S <
c
[+
K bl
+ <
<
c
©
o o©Oo o o o o=
o O o o o
o w0 0 o
- L |

(ww) Arewouy usfeAlinb3 asyepn

abeJ01S J81eM

0.15

[ende) 0} ss300y

-2.72

BuiaiT J0 150D

ssaulpuali
ssauisng

|
-0.91

uoieaNpg

uorreAouU|
pue ABojouyds )

4111 40 Aujend

Awouos3

-0.99

aJnjonJis-edu|

ssauisng
Buloq J0 1500

> 30403440

0.1461x - 5698.8

- - -Linear (lowa)
y:

—o—lowa

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

1500

0 0
0 0 0
0 5
- ! 1 1
(ww) Apewouy usfeAlinb3 asyepn

1000
1500



Louisiana

Louisiana

Kentucky

Kentucky

=23 ~
1 M abe101S 4918 m abe101s J81e AN % | abe101S Ja1e | M abei01s Jarepn
T o :
o] o
< [ended 0} ss200y m [ | [ended 0y 5300y N [ende 0} $5300y . Jjende) 0} 5300y
' ~N h
— p=4 ©o (2]
N BuIAI 101500 < 6uIn] J0150D O m— BuIAIT J0 150D S — BUIAIT 401500
o I -
5 ssauljpusli = ssaul|puali 3 ssaul|pusli 2 ssaul|puslis
o w0 (s} t
. ssauisng M = ssauisng u S ssauisng - < ssauisng
~ © e} o
© wn
m g uoiyeanp3y S uonyeonpy S uoneanp3 ] 3 uoneonpgy
9 uoryenouU| 2 uoneAouU| N uoiyeAouU| — " g uonyeAouU|
i S pue ABojouydal B = pue ABojouyds L S 1 < pue ABojouyda ] g (=) pue ABojouyda
o K g=2 =) 7
T op o Anend > m || 8417 Jo Auend 5 B 91 o Aupend 2 m 8417 4o Aujend
; & o ; 2
<~ @ =
O fwouody = B Awouoog 2 & Awiouodg = 3 Awouoog
< - e o
© w0 o o
< a1njonuls-eau| < ainjoniis-eayu| ~ aJmonuis-eju| ® aJnonuls-eyu|
o An — o
o~ ssauisng 3 ssauisng ~ ssauisng o ssauisng
m — Buloq 40 150D = S Buroq Jo 1500 M — Buioq 401500 M L Buio@ Jo 150D
o~
m o 9210540 & 920JJOM m o 9210340/ BN T 0J0pLOM
o~ '
LNOWNOLNOLNONONO o909 coo99Q Qooco9oo9ooQ o9099oo9ooco
aul| pua4} Jo adojs ay L aul| puadl Jo adojs ayL aul| pua4} Jo adojs ay L aul| puaJl Jo adojs ay L
wn
—
2 g ° g g b g
g & 3 & g 8 g
+ =] h =} Mw ] — x =}
T x s T & 5 T g s g+ =,
5 8 z § g T g < : g X z
z 3 ~ > 3 S £ x N 2 3 N
s < B W 1 o~ s 3 S s < Y
2 < 2 > < 2 8 < S <
W > =] W S W S =] W > “
£ 2 5 £ g ¢ £ 4 g 5 £ 2
- s £ - e & s o S
' S 8 4 s 2 =] o ! [}
_ s T £ e 2 =
' e 8 8 £ 1 e 8 S
. 5 = £ 2 5 s
e} - o ‘o
c c [
8 8 3 © 2 & = 8
2 < > 4 < < 7] <
S < = c = I ‘D [}
3 2 s 3 s - 2 3
2 -« 3 = 3
+ g + z ] 5
o o o o o o m o o o o o oD o o o o o o om
o o o o o o o o o o o om o o o o (=3 o o o o o o
o n [Yel o n o o o o o o o n Yol o n n o n [Yel o n
- ! A @ N AN - ! -+ = oA
(ww) Arewouy JuseAinb3 asyepn (ww) Arewouy JusfeAinb3 as1epn (ww) Arewouy JusjeAinb3 Jsyepn (wuw) Arewouy JusfeAinb3 asrepn
- [=2] - 0
S abel01s Jarepn N | abel01s Jarep o abel01s Jarep M | abel01s 118
o o
~
S ende) o) ss800y m - [endeD 03 ssa00y S o lended 03 ss300y S m [ende 03 ss300y
\ o~ o
~ - ©
S m— BuIAIT 401500 - BuIA 40300 S 6uIn J0 150D N 6uInT 403500
el v v i
] ssaul|puali i ssaul|puali @ ssaul|puali < ssaul|puali
= i ssauisng s ssauisng . ssauisng i IS} ssauisng
< —
m> uonesnp3 s uonesanp3 S uoneonp3 S m uolyeanp3
< ; < s : c
e uoleAOUU| ) uoneAouu| 2 I} uoryenouU| < Sm uoneAouU|
=) pue ABojouyda ] ® 1=} L pue ABojouyda m =} pue ABojouyds | 35 S pue ABojouyds |
e} S © s =
S 8y o Aupend m O — 17 Jo Aufend m m - a1 4o Anfend 2 S 317 Jo Aufend
v f=
1723 —
© 7] ~
A Awouodg ™~ Awouodg S @ Awouoog = g Awouoo3
- o >3 < o
@ < ~ —
< a4njonuis-eyu| “BInjonais-eayu| ©  gunjanuis-eapu] N aumonuis-eu|
o @ 5 -
© ssauIsng = ssauisng ] ssauisng Q ssauisng
= L Buroq Jo 150D = u Buloq Jo 1500 u i Buloq 40 150D S u Buloq Jo 150D
~ N
2 30J0PLIOM | I 300110/ w — 801010 m _— 8010110/
00000000009 oooogoo9Q9 ooo000000000 WOoWoWomoLw
OFONHOGND T SoNdogqgoY FONHASHNDFLHOR- dHocogqdqdqq
aul| pua4} Jo adojs ay L aul| pua4} Jo adojs ay L aul| pua4} Jo adojs ay L aul| puaJl Jo adojs ay_L
5 S 2
< g 3 2 o 9 S 2
= c 9 c o < = A <
< < [3el I+ s < © ©
' bl 1 bl a © b —_ a il
x
S 3 3 ) 3 ER 3 £ 3 3
£ N . o \ = ' 5 8 o
S g § 28 K s 23 5
2 < S ] S S D ] e ° ]
£ o Lo 3 3 c ~
& 1l ] T || N s 3 o W < o
¥ > o 2> : 2o z = s
- S = s L S - S
g - g g §> g g
£ = £ S B = S w m .
- S o Jd < - < ©
! SR g 27 § 87 5
! o S8 1 g c ! ©
! e = 8 g g £ ! <
S s @ s = ]
> 3 o L 5 I s
S 8 '3 © 3 © 2 <3
2 < S =4 3 b= 2 =
c < c < = m <
m =] + S % 8 = ]
1723
M_ < & = 2 M
+ z 3 & 3 <
o o (=] o o o O on o o o o o [l eNe NN sl eNeNeNe)
o n Yol o o o O O + o n [Tel o nowmoLw o WwoLwn
— ' 1_. 0 © < N 7__ A_». G.u - v 1_. AN AN A ' 1_. 1_. 7__ nd_
(ww) Arewouy 1usjeAlinb3 asyepn (wuw) Arewouy usjeAinb3 aayepn (ww) Arewouy 1usjeAinb3 Jsrepn (ww) Apewouy JusfeAlinb3 asrepn

10



Montana

Montana

Missouri

Missouri

abeu01s Jare
[eydeD 03 ssa00y

Buiai Jo 1500

ssaul|puali
ssauisng

uoreanp3

-1.81

uoiyeAouU|
pue ABojouyda ]

a1 40 Aupend

Awouoog

-1.75

a4njonJis-eaju|

ssauisng
Buloq@ 401500

30103140M

0.2923x - 11356

- - -Linear (Montana)
y =

—o—Montana
Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

o o o
o o o
o o o
™ N - T N
(ww) Arewouy JusjeAinb3 Jsyepn

4000
1000
2000

abea01S Ja1e

0.02

i
1.84

|eydeD 03 $s800y

BuUIAIT 40 350D

112
|

ssauljpuali4
ssauisng

0.25

uoreanp3

u
-0.72

uolyeAouu|
pue ABojouyds |

0.14

I
-
oo Auend

Awouoo3

-1.41

4.20

[4njonJis-eaju]

ssauisng

L Buroq 40 1500

2.27

<
B 80100

oeoecooeeee

aul| puaJl Jo adojs ay L

0.0162x - 646.12

- - -Linear (Missouri)
y =

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o— Missouri

o O O O O O O o
o O O o O O O
n o w n o uw o
— T A N

(ww) Arewouy JusjeAinb3 Jsrepn

Nevada

Nevada

Nebraska

Nebraska

3
L=

] m_s_%o 0) 55800V

076
042
-0.08 I
142 -1.42 131

1.65

-1.02

1.90

moeowmownomnamne
dNa-d-Hdoco-al

abeJ01S J81eM

BuIAIT J0 350D

ssaulpualig

ssauisng
uoeanp3

uoyeAouU|
pue ABojouyds |

)17 4o Anpend
Awouoog

ainjonJis-edjuj

ssauisng
Buloq 401500

920J40M

aul| puaJy Jo adojs ay L

@
o
N
i
7S]
)+
x
g g
s 8
3
Z o
< 5
s
o >
A=
-
'
1
1
<
°
IS
>
[
b=

1500
1000
0l

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

o o
o o
[Yel o

v —

1500

(ww) Arewouy JuseAinb3 asrepn

=
o

o
S Tjende) 03 ssa00v

- - -Linear (Nebraska)
y =

o]

X

2

e}

[<F)

=z

+ o o o o
o o o o
o n o Yo}
N - -

abe101S J81eAN

& p— BuInIT J0 150D
(32]
@ ssaul|pualy
[cs) t 4
- S ssauisng
S uoreanp3
-
U uoneAouu|
o I pue ABojouyda
S m 2417 40 Anpend
o
m Awouoog
<
S aJnjonJis-equ|
o
w0 ssauisng
4 — Buroq J0 150D
S mm ERIIINTI
o
=
aul| puaJl Jo adojs ayL
L
[sg}
N
o~
©
|
x
(2}
(=2}
n
b
o

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

-500
1000

(ww) Afewouy usfeAinb3 asyepn

New Jersey

Y
- - -Linear (New_Jersey)

New_Jerse

New Hampshire

pshire

New_Ham

=
< abe.101s J81e N\
o

> BUIAIT 40 350D

ssauljpualiy
ssauisng

uoreanp3

3 uoiyeAouU|
i pue ABojouyos |

a1 40 Aupend

Awouoog

-2.21

o
Hv\_ njonujs-eayu|

ssauisng

®
u S Buloq@ J0 1500
& a0u0ppIoM
o
<

o ee N
© < o S

0.0

=
<@

10 wao_m aylL

-4.0

aul| puai

=]

0.0083x - 326.52

y=

y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o—New_Jerse

o o o o
— —

(ww) Arewouy JusjeAinb3 Jsyepn

5l

0l

5l
-50
100

abe.01s J81e\

0.02

ende) 03 $s320y

-0.18

BuIAIT 40 350D

-3.21

ssauljpualiy
ssauisng

1.63
1

0.88
|

uoiyeonp3

uolyeAouu|
pue ABojouyoa

-0.32

3.90

3)171 o Aufend

Awouoo3

-1.41

0
M aannaIs-eaju

ssauisng

n Buioq 401500

-0.64

30101IOM

o
=y |
o

OOO0OOOOOOOOO

BT ENHS NG

aul| puasy Jo adojs ay L

pshire)

w_Ham
0.017x - 669.32

y=

pshire - - -Linear (Ne

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

New_Ham

200

—~o—
200

ww) Ajewouy 1usjeainb3 1ayepn

|eydeD 03 $s800y

New York

New_York

New Mexico

New_Mexico

abeJ01S J81eM

0.10

-
mmmm © 6uIAIT J0 150D

ssaulpualig
ssauisng

uoneanpg

uonyeAouU|
pue ABojouyds

)17 4o Anpend
o
M Awouoog

~
M aanjonas-edu|

ssauisng

L Buloq 401500

173 171

- 9240J440M

COCORQOOO0

NONHOQNDTLOO
aul] puaty jo adojs ay L

0.0984x - 3876.7

- - -Linear (New_York)
y

Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

—o—New_York

1500

o o
o o o
o Yol
— v

1000
1500

(ww) Afewouy JuafeAinb3 aayepn

©
1 m abeJ01S J81eM

] m_s_%u 03 §5800Y

1.62

BuIAIT 40 350D

ssaulpualig
ssauisng

-0.34 -0.33

uoneanp3

uolyeAouu|
pue ABojouyds

0.27
-

ay111 40 Aujend

-0.27 005

Awouoo3

2.64

ainnais-eaju]

ssaulsng
Buioq Jo 1500

0.97

~
m e 920440M

oNOoONOoONONONnO

aul| puai Jo adojs ay L

©
— <
y c
P I g
e) ~
g 4 N
< ~ <
W + s
=
x
| o S
= <
5} < o~
z b i
~ o f=
= T T
3 1 ~
g > 2
c
n ]
S
! =]
! b4
f=
T
o bl
2 ©
B N4
2 <
> <
| bl
g 3
= 5
coooocoocoooon
S S oo SO o oo
S8SR §Y38§

(wuw) Apewouy JusfeAlinb3 asyepn

endeD 03 $s320y

11



North Dakota

NorthDakota

North Carolina

NorthCarolina

© it 0 o 5
S| afie101S Jare/M\ 12 abelols Jsrep\ =4 afie101S JareM\ = afiel01s Jarep\
o T
[eo] o 0
S ended 03 ssa0y mmm—— JevdeD 03 $s800y m | fende 0 ss800y HE % [ended 01 ss300v
< )
S BuIAIT 10 150D % — BuIAIT 101500 mmmmn 3 Buini Joisod o — BuIAIT J0 150D
o ™ h
© ssaul|pusli ] ssaul|pualid ~ ssaul|pusli S ssaulpuaLly
= ssauisng s ssauisng = ssauisng - - ssauisng
o] w0
D m— uoieonp3 Sm uoneonp3 - uoijeonp3 mm  uoneonp3
- N o N T
©
® uoiyeAouU| ] uoneAouU| < Q uoryenouU| c o uonyeAouU|
“ H ] ] H 12 = 1<
<} pue ABojouyoa ] £ =] pue ABojouyda ) S =] pue ABojouyoa ] S =] pue ABojouyds
S 0 = © < ©
m [ | 317 4o Auend S % a1 4o Aurend > — 317 40 Aurend o ] w a1 Jo Aurend
X o S = £
S Awouodg (¢] S Awouoog & 2 Awouoo3 3 w Awouoog
© v v %)
o @ N N g
~ a1nanuIs-eu| @ aJn1onJIs-elyu| ~ a1nanuIs-eu| S aumonuis-equ|
— [l
o ssauIsng ® ssauisng S ssauIsng @ sseuisng
3 L Buioq 401500 S = Buio@ J0 150D =y Buloq Jo 150D — abuioq Jo 1500
< f=) o
m M 82100 I w ERSIINBITVN m 1 89400 M ] H 8010J40/\\
NOoOWwomnoOWnoLw oOgoo0oo0o0o09Qg [eR-NoN-NeoNoNoX-] 0000009099
dNad—ddocoocgd Soado gy N—AdS oW WS —AS Fdaim
aul| puaJ} Jo adojs ay L aul| pual Jo adojs ayL aul| pua4} Jo adojs ay L aul| puaJl Jo adojs ay L
— [32]
-
3 g g g s g
: : : —_ T
T ks 5 ) ks g e 5
S = £
c =
g 5 = F I T 2§ i
< ' \ = . T ™ .
I g e g > g o g g
< ﬂ L] 5 = 2 - £ 3 =
5 L 5 X S S 2 g ! g
= < e < = < e > z
=1 =] = =] =1 =] — -
8 3 s O o & 3
c S & © S z £ < £ c S
£ z = & S 3 c S 3 <
3 g £+ g S5 s £ 7 8
1 1 > 1 O
1 8 m 1 3 2 m < =4
£ 0 § 5 £ 3 <
< L] m ] [ ] nw m S
= © = S =
£ 3 s 8 g 3 S s
5 5 5 5 = 5 5 z
a S < ] 2 = O 3
€ b=y [®) b= ] 3 = -
(=] T v I [} i = =3
2 5 } g 53 z
— o o o o o o
{8 88 ° 8 8 2E88°8E88E8 {8 8 ° 8 8 8 s8g8g°8888”
SR R 43" %398 = A SE8SR §F%8
(ww) Arewouy JusjeAinb3 Jsyepn (wuw) Arewouy JusfeAinb3 asrepn (ww) Arewouy JusjeAinb3 Jsrepn (wuw) Arewouy JuseAinb3 asyepn
o
8 abeu01s JareM\ W. abeJ01S U818/ m 1 abeu01s Jare M\ = abeJ01S J81eM
o
o
& mm [endeD 03 ss300y m ] [ende 03 ss300y m - lended 01 s5800y S lended 03 ss800y
-
3 3] 3 B 0! Buir 0 350! ] 3 Buinl Jo 1500
b= UIAIT J0 350D © - UIAIT 403500 | o 171 4 0 < Nl
S ssaul|puali 5 ssaul|pualid | ] ssaul|puali o ssaul|puali
= IS ssauisng Sl ssauisng IS ssauisng S . ssauIsng
o o © <
18 uonyeanpgy - N uoneanpy - m uoneanpg In uoneanpy
= uoiyeAouU| ® uoneAouU| o uoiyenouu| ° S uoneAouU|
S pue ABojouyda ] u S pue ABojouyda L I= = pue ABojouyds L < = [S] pue ABojouyda
@ 2 = S o 2
Y opjo Anend m 22 9)11 40 Auend m, Q — 8317 40 Auend P | a1 4o Aurend
' ' o s} .
& Awouodg m Awouoag W Awouoog m = Awouoo3
@ T
=] (3]
& a4nonuls-eau| I aJnjonJis-equ| 3 a4n1onJis-eau| o aImonas-eaul
o ™ T h
© ssauisng o ssauisng 2 ssauisng ©  ssauisng
_— < Buloq J0 150D M — Buioq J0 150D u S Buloq 40 150D o Bulo@ 40 150D
~ (= ©
S u 82101I0M 12 ERIIINTI & 800L0M J - 920JI0M
o T h
oooooooQ oo o9oa9Q coocogoooo oooooooaoQg
O aN—AS Fq® © ¥ ool ¥ O NGO Gq® SoaTdSHgos
aul| puaJ} Jo adojs ay L aul| puaJl Jo adojs ay_L aul| puaJy jo adojs ay L aul| puaJl Jo adojs ayL
o N 5
S g @ g g g @ g
< 43 = 5 = ° < <
© f= c el ©
= 5 B 8 _ S g S S
= - D < = < g X <
g5 2 2 3 o ~ B o 2 S <
(SIS S 9 3 c - T s S s
£ 2 K] ~3 [} S © [} kel N S
m ﬂw I m =] ~ o o g < N
Z > o o o e < T > b
- = = > T = = Nt M
= S 5 - = - < =]
< @
2 S 2 S = S E £ =)
£ : = s < 3 s & :
7 § o 7 § s 3 g B 5
1 < © [Z o 2 |
o« O 3 | e B8 ! ©
! S £ O 8 3
c < < 0
© M o — c b o kel w
c = © = © = -
S © o) S 2 =3 < ©
g T s 5 5 2 g
mw S + =] e} =] % s
S N < < o [}
£ Y < =3 =) <
. <
=] < < o c o b=
z ot g S o o o o oS &
bl
E8%8 5988 = S8 888 {389 ° g 1

——0—

wiw) >_mEoc<Eo_m>__:Um_ PEIETVY (wuw) Arewouy JusjeAinb3 Jayepn (ww) Arewouy JusjeAinb3 Jsrepn (wuw) Afewouy useAlinb3 asyepn

12



Tennessee

Tennessee

13

South Dakota

SouthDakota

o o] [se) —
S abeJ01s J81eM\ 1g abeJ01S J81eM S abeu01s Jere\ S abeJ01S U891
o - =} =}
~ ~ 0 [s)
o 2 fende 0} ss800y ~ [ende) 03 ss800y < lende 0} ssa00y . edeD 0} $sa00y
[ o — v
o = o ~
= . BuinI J01500 S BUIAIT J0 150D < Buin Jo3sod S BuIAIT J0 150D
o (=] ) o
- & ssaullpualS - 2 ssauljpuali - ssaul|pusli I g ssaul|puali
o ssauisng 5 ssauisng 5 ssauisng 5} ssauisng
o o
12 uoijeonp3 || uoneonp3 S uoneonp3 13 uoieonp3
T =] T
| 9 uoryeAouU| % mm uonyeAouU| 3 uoiyenouU| .m g uonyeAouU|
S pue ABojouyos | IS} pue ABojouydal © =} pue ABojouyds L =3 S pue ABojouyds )
™ < c © o ~
e 40 Auend m m | a1 4o Aurend = 12 )17 4o Aupend s 1S 817 4o Aurend
1 S : - o T
R Awouoog & Awouoog v Awouoogy M < Awouoog
o o N ind
o e} 1 <
S a1nonuls-eau| Samonas-eaju| 0 24n1onJ1s-eu| a! aumonuis-eu|
© o - ?
%3 ssauIsng < ssauIsng % ssauisng w ssauisng
0 - @ B I ; 3 :
1 =] Buroq Jo 1500 - S} Buio@ J0 150D o fuloq 0 1500 %) — Buio@ Jo 150D
~ 0 ©
1y 82010 G 80U0pIOM S 82J01I0M B O} 3040PLO0M
T ) =3 h
99999 co99 Qoo o9o99oQ 999999 o99o9oo9oo9Q
aul| pua4} Jo adojs ay L aul| puadl Jo adojs ay L aul| puaJy jo adojs ay L aul| puadl Jo adojs ay L
- ~ oo}
< © N © o0 © @ ©
pi b I < = < 3 <
2 g B § = § S 5
N - _.H =} ' =l = ixl
—~x x S x
® < < < <
o : 3 T 28 PR+ g
28 5 3 s £ 3 § S8 5
So N z = N 5 S - %o -
S Il Y S < S = N = N
£ > < 2 g 2 > < 2> <
= ] s > ] = S ] s
[<5}
£ 2 g ? 4 £ g g E 9
= < 3 s & 3 o — | <
] 3 £ < S E 0 s 27 3
| © = o > s
1 S DO 8 = © = ©
T T V 0. 1 7] n_v
5 § 5 = §
3 - S R 8 ] S -
2 S = 8 £ © £ ©
e 5 2 z e 3 =3 8
= I 5 = < = c
51 L] L] > < > <
- ) bl
= < < + 17}
< N4 3 2 3
+ < = < W <
© © =4 c
o o o o o on o o o o o o om © + ©
o o o o o o o o o o o O O O O O O O O o O O O O O O O o
o n Yol o n n o n [Tel o n o O O O o O O O o O O o O O O
- ' A = oA ®© © ¥ A Ny ex @ N AR
(ww) Arewouy 1usjeAinb3 Jsyepn (ww) Arewouy JuseAIinb3 as1epn (ww) Arewouy JusjeAinb3 Js1epn (ww) Arewouy JusfeAinb3 asyepn
© fess ™ —
A | abel01s Jarepn e abe101S J81eAN M abeu01s Jare M 1 abea101s JarepN
o T
o ) © <
) jendeD 01 sse00y g lende) 03 5300y 1S leade 03 ss300y < — [exdeD 03 ss800y
: : o
o e} o I
< m BuIAIT 403500 m < BuIAIT 403500 e BuIAI 403500 ) Ui J0 150D
o [ T v
< ssaul|puali o) ssaul|puali © ssaul|pusli o ssaul|puali-
- - ssauisng ! IS} ssauisng e ssauisng S . ssauisng
wn ()
uonyeanpg m - uoneanpy 3 uoneanpg | I uoneanpgy
[ =] T
uolyeaouu| . m”. uoryeaouu| Q 1 uolyeAouu| m ] - uolyeaouu|
pue ABojouydal “ =} pue ABojouyda € <] pue ABojouyda L g o pue ABojouyda L
© © S
a1 4o Anend =S 2940 Anend £ m | a1 Jo Aurend £ < o 317 40 Auend
v %] —
F © W Q < o
Awouoo3 ~ Awouoog S Awouodg = — Awouoo3
=] > i
@ < © ©
= a1nonJis-eau| ~ aJnonJIs-eu| S ganjonais-eapu| — aunjonuis-elyu)
i o o 3
wn n
ssauisng . ssauisng 8 ssauisng 3 ssauisng
Buloq 4o 150D S Buioq@ 0 150D S} Buloq J0 150D S - Buloq Jo0 1500
~ @
E—  90I0PHOM B 920J{I0M e 82010/ 2 ERIIINTI
\ - T -
oo9o9 So9oooooo9o99 So0000000000 ooo9oo9Q9
ey YoONdO AN Ty OTONHOIGDTLD ONAOS QDY
843 Jo adojs ay L aul| puaJl Jo adojs ayL aul] puaJy jo adojs ay L aul| pual Jo adojs ay_L
@
© © o © © ©
N < 5 b i b
f= =4 c f=
g ¢ g & S S = S
S +
% 3 3 % 3 = 3 = s
Qg g -~ 2 5 s g £ g
c < ) %) © = £ @ S = S
5 o ] = o ]
3 o~ X T o~ =R ~ a o~
3 I < 3} M e W o i = i
o> & £ s & < & bt 5
§ IO s B & > Bg o
£ S 2 S _ 25 s g £8 2
p S 4, 3 < € 3 8 e 8 I8 S
' - S L m ' o S £ ¢ ~
! o @ ! o £ ' = ! ox o
! @ F S o 1 > < g I 9 3
5 § c £ 9 5
< =] ] =] e 8 c © =}
S © % © 5] S ©
™~ S} ) < £ © D > S}
; 2 ; 8 ;
o c c o T =4 c
o} g 5 s § Z ]
th V — [%}
E 3 3 < 3
< o
=3 = = + o W o) &
2] S T < + <
+ o o o (=] o o on O 0O 000000 O o © [oNoNoNoNoNe] oo™
o o o o o o o O O O o O O O O o o o o o o o [l sNeNeNe)] o O
o n o n [Yel o o O O O o O O O o o o o o o o N owmoLw o n
N - — ' - < MO N - - nd_ Q_u < ™ N — - N [37) AN N 7__ N

ww) Ajewouy JusfeAinb3 ayepn (wuw) Arewouyy JusfeAinb3 aayepn



Water Equivalent Anomaly (mm)

Wisconsin Wisconsin Wyoming Wyoming
2.25

—o—Wisconsin - - -Linear (Wisconsin) ) gg 218 £ —o—Wyoming - - -Linear (Wyoming) @ %g s
£ 2 = & 1.35
1500 y =0.0763x - 2988.5 = 90 196 £ 1500 S 15 0.9 108
2 15 = y = 0.0677x - 2635 s 39 030 020 0
1000 g > 3 S 05 2 | :
Z 10 0.61 £ 1000 200 g
500 05 0.18 I 0.08 2 ©-03
JIX: oo W - - < 2-10 -056 }
0 4% ° - 001 < 500 o-15 0.88
I 205 043 o2 ks o 24 143
-500 ¢ 210 082 - g76 B s 2-25 201
F 82 ¢ 2 g3 22 3§ 9 2 ¢ [ 82 ¢ 2 232 5 .82 F
e £ 5 E £ c_ 8 o8 £ £ g 5 e £ 5 E = ¢ S 98 £ S
-1000 s 888 ¢ 2 5% g = 3 £ = S 888 ¢ £ 35 % g8 = =
02 58 588 S g2 8 3 i 500 o2 58 588 S5 S
-1500 $ 82 F O 2333 28% g -« 5 $ 82 3 4 23533 28% 3
> g3 ¢ SEEY "L 3 3 % g > ga ¢ SEEY "L g ¢
-2000 o £ 3 8- o g = < -1000 o £ 5 8- S g
Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16 - = < Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16 - = <
Fig 3. The time series of WEA for each State for 2004-2016 with the trend lines and the bar chart of trend line slopes in terms of 11 factors

As it is shown in Fig 3, 14 States from 50 States have the negative slope in the trend lines of WEA including Alaska, Texas, California, Arizona, New
Mexico, Oklahoma, Utah, Nevada, Louisiana, Colorado, Arkansas, Mississippi, Kansa, and Alabama, respectively. Therefore, assuming these trends
continues, we expected that these States will be faced with the lack of sufficient water and a part of the population will be moved from these States to
other States. Also, the slope of the trend line of 11 factors discussed before for 2007-2016 are extracted and shown in the Fig 3. The negative values
indicate that a State moves to worse situation in terms of each factors and the positive values shows that a State has an improvement in terms of each
factors. These slopes provide useful information about each State. For example, Mississippi has the best improvement in terms of “Cost of Living”
among the other States between 2007 and 2016. In contrast, Massachusetts has the worst situation regarding “Cost of Living”. These information is
necessary for ranking the destinations (States that have a positive slope means SPS) in terms of people who are living in the States with the negative
slope means SNS and will move to other States because of lacking the sufficient water. Therefore, TOPSIS model executed for ranking SPS that have
a better situation of water storage changes (36 States) in terms of people who are living in each of SNS (14 States). The results of TOPSIS model for
three scenarios are shown in Fig 4.
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Fig 4. The results of TOPSIS model for three scenarios
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As it is shown in Fig 4, the sorted list of SPS in terms of each State located in SNS for three deferent scenarios
are drawn. For Alaska, Indiana (all three scenarios); for Texas, Michigan for 15t and 2" scenarios and Washington
for the 3" scenarios; for California, Gorgias (all three scenarios); for Arizona, Montana (1% and 2" scenarios)
and Nebraska for 3" scenario; for New Mexico, both ldaho and Oregon (1 and 2" scenarios) and Washington
for 3" scenario; for Oklahoma, Montana (all three scenarios); for Utah, Idaho for 1% and Montana (2" and 3™
scenarios); for Nevada, Wyoming and Nebraska (all three scenarios); for Louisiana, Michigan for 1%, Washington
for 2", and Montana for 3" scenarios; for Colorado, Montana (all three scenarios); for Arkansas, Nebraska for
1%t and 2" scenarios and Montana for 3" scenario; for Mississippi, Hawaii for 1%t Montana (2" and 3™ scenarios);
for Kansas, Florida for 1%t and Washington for 2" and 3" scenarios; and for Alabama, Nebraska for 1% and
Montana (2" and 3" scenarios) are the most possible destinations.

Conclusion

To sum up, this project shows the trend of water storage situation of all 50 States using satellite data derived
from 2004-2016. The WEA product of GRACE is extracted for all 50 States using Python Programming and the
time series of this product with its trend line are shown. This information shows 14 States from 50 States may
face with the lack of sufficient water if the current and previous situation continues. Using the combination of
this information and also the trend line slopes of other factors which are really important in making a decision
to move from location, possible location choices for people who are living in the mentioned 14 States are
ranked. For ranking these locations, a multi-criteria decision techniques called TOPSIS is used. The outputs of
this model are shown in the bar charts.
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Appendix (1): Python Codes

from ftplib import FTP

import os.path

import sys

ftp = FTP('neoftp.sci.gsfc.nasa.gov')

ftp.login()

ftp.cwd('geotiff.float"')

ftp.cwd ('GRACE LWE M')

filename=ftp.nlst ()

n = len(filename)

ftp.quit ()

for i in range (0,n-1):
ftp = FTP('neoftp.sci.gsfc.nasa.gov')
ftp.login()
ftp.cwd('geotiff.float"')

ftp.cwd ('GRACE_LWE_M')

save_path = 'C:/Utah State/Utah State University/Fall 2016/Python/DataFTP_GRACE'
completeName = os.path.join(save_path, filename[i])
localfile = open(completeName, 'wb')
ftp.retrbinary ('RETR ' + filename[i], localfile.write)
ftp.quit ()
localfile.close ()

from ftplib import FTP

import os.path

import sys

import arcgisscripting

import os

import fnmatch

import arcpy, numpy

from xlwt import Workbook

import numpy as np

wb=Workbook ()

sheetl=wb.add_sheet ('Sheet 1')

sheetl.write (0,0, 'State')

ftp = FTP('neoftp.sci.gsfc.nasa.gov')

ftp.login()

ftp.cwd('geotiff.float"')

ftp.cwd ('GRACE_LWE M')

filename=ftp.nlst ()

n = len(filename)

ftp.quit ()

os.getcwd ()
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os.chdir('C:/Utah State/Utah State University/Fall 2016/Python/Other/SplitShapeFileOther/")
i=1;
for file in os.listdir('.'):
if fnmatch.fnmatch(file, '*.shp'):
ShapeName=file
State=os.path.splitext (ShapeName) [0
print ShapeName

print State

sheetl.write(i,0,State)
sheetl.write(i+1,0,State)

sheetl.write (i+2,0, State)

for j in range (0,n-1):

save_path = 'C:/Utah State/Utah State University/Fall 2016/Python/DataFTP_GRACE'

completeName = os.path.join(save_path, filename[j])

save_path_Shape = 'C:/Utah State/Utah State University/Fall_2016/Python/Other/SplitShapeFileOther"'

completeName_Shape = os.path.join(save_path_Shape, ShapeName)

save_path Result = 'C:/Utah State/Utah State University/Fall_2016/Python/Other/ResultNewOther'
FileName=filename[]]
ResultName=State[0:6]+FileName[14:19]
completeName_ Result = os.path.join(save_path_Result,ResultName)
gp = arcgisscripting.create()
try:
# Set local variables
InRaster = completeName
InMask = completeName_Shape
OutRaster = completeName Result
# Check out Spatial Analyst extension license
gp.CheckOutExtension ("Spatial™)
# Process: ExtractByMask
gp.ExtractByMask sa(InRaster, InMask, OutRaster)
except:
# If an error occurred while running a tool, then print the messages.
print gp.GetMessages ()
# Convert the raster to a numpy array
arcpy.SetRasterProperties _management (OutRaster, "#", "#", "#", "1 -3.4028235e+03; 1 99999")
array = arcpy.RasterToNumPyArray(OutRaster, nodata_to_value = 0)
#print array
#print array

# Sum the array
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Sum_Raster=array.sum()

#print Sum Raster
SumﬁRaster=np.float64(SumﬁRaster)
sheetl.write(i,j+1,Sum Raster)
sheetl.write(i+1l,j+1,FileName[12:16])
sheetl.write(i+2,j+1,FileName[17:19])
wb.save ('xlwt exampleNewOther.xls')

i+=3

Appendix (2): MATLAB Programming (TOPSIS)

clear;

cley

close all;

load Slopes_States;

load state;

Ww=0.75;

Ws=(1-Ww) /10;

W=[Ws Ws Ws Ws Ws Ws Ws Ws Ws Ws Ww];

for i=1:36
Slopes_States_Ratio(i,:)=(Slopes_States(i,:)-State)./abs(State);
end

SuMM=sum (Slopes_States_Ratio);

SuMM=SuMM. "2 ;

for j=1:11
for i=1:36

R(i,j)=Slopes_States Ratio(i,j)/sqrt(SuMM(j));

end

end

for i=1:36

V(i,:)=W.*R(i,:);

end

BestV=max (V) ;

WorstV=min (V) ;

D Plus=zeros(36,1);

D_Minus=zeros(36,1);

for j=1:11
for i=1:36
A=(BestV(j)-V(i,j))"2
D Plus(i)=D_Plus (i)+A;
B=(WorstV (j)-V(i,J))"2;
D Minus(i)=D Minus (i) +B;
end
end

C=D_Minus./(D_Plus+D_Minus) ;
[Result index]=max (C) ;
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