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Abstract - It is important for society to have an
understanding of the changing trends of precipitation,
which impact surface water and groundwater available for
potable use, irrigation and industries. Precipitation trends
vary across the globe, and they are beneficial for planning
and future economic development of any given location.
There are numerous methods available for determining
trends and predicting changes in precipitation. In this
study, four different nonparametric regression and
correlation methods were applied to annual precipitation
data sets for 33 stations within the Mobile - Tombigbee
Basin, each having at least 40 complete seasonal years of
data available from the time period of October 1, 1940 to
September 30, 2015. The Mann-Kendall, Kendall’s tau,
Spearman’s rho and Kendall-Theil Robust Line methods
were used for analysis of the annual precipitation data.
Each method was applied to all stations, and the results of
the different nonparametric regression and correlation
methods were compared for analysis. The results show that
for the majority of the stations, the trend was found to be
the same regardless of which nonparametric regression
method was used for analysis. Only one station had varying
results between the different nonparametric methods. This
research provides four nonparametric regression and
correlation coefficient methods that can be applied to data
sets of annual precipitation data, which can be used to
predict how precipitation can be expected to change for any
area.

Key Words: Nonparametric, Mann-Kendall, Kendall’s tau,
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1.INTRODUCTION

Understanding the trends of precipitation is an essential
component of future planning for society and ecosystems,
as both are dependent on the availability of water for daily
use [1, 2]. Researchers are analyzing the changing climate,
including precipitation, in many ways using a variety of
different methods and data filters. An accurate prediction
of precipitation trends can play an important role in a
country’s future economic development [3, 4], especially
in areas where agriculture is predominant, and industries
may be more susceptible to changes in climate. Changing
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trends of precipitation can impact surface water and
groundwater available for potable use, irrigation and
industries. Water availability, which determines what
types of plants and animals can survive in a location, is
also impacted by changes in precipitation [5].
Precipitation trends can be used in trend analysis in
flooding and droughts, which impact areas throughout the
world each year. Unfortunately, precipitation trends have
been found to vary across the globe and within the United
States [6]. The U.S. Global Change Research Program, in
the report, Global Climate Change Impacts in the United
States [6], divides the contiguous United States into six (6)
regions for analysis. However, due to the variability of
climate within a region, it is recommended to further
divide the regions into smaller areas for precipitation
trend analysis [6, 7].

According to Rahman and Begum, predicting precipitation
trends using time series data is much more difficult than
predicting temperature trends [8]. Melillo, Richmond, and
Yohe [9] noted that models are in complete agreement in
showing decreases in precipitation in the subtropics and
increases in precipitation at higher altitudes. Consistently,
in the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC) published in 2013 [7], it
was reported that zonal mean precipitation will very likely
increase in high latitudes, as well as some of the mid
latitudes, and it will likely decrease in the subtropics. The
frequency and intensity of heavy precipitation events over
land was determined to likely increase on average in the
near future. However, as noted in the Fifth [PCC report, the
large-scale trends contain considerable spatial variability
and can be considered to vary within regions [7]. The
contrast between wet and dry areas is expected to
increase both in the U.S. and globally, consistent with the
motto that in the future, the wet areas will get wetter and
the dry areas will get drier [9].

Precipitation trends have been studied for many areas
around the globe, using a variety of different statistical test
methods, classified as parametric and nonparametric tests.
Parametric tests are hypothesis tests which assume the
data has a normal distribution, allowing for a simple linear
or bell curve regression analysis. Helsel and Hirsch [10]
noted that parametric tests are of questionable value
when applied to water resources data, as the data is
typically not normal or symmetric. Nonparametric tests
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use independent data, making no assumptions regarding
the data distribution type and better tolerate any outliers
in the data. Therefore, nonparametric tests are widely
used in water resources data analysis [10, 11]. Several
nonparametric tests are available for working with time
series trends, as nonparametric tests can determine if
there is a monotonic trend in a time series data set, as well
as how strong the relationship is between the variables
[10]. Monotonic relationships are present when there is a
gradual change over time that is consistent in any
direction, and a monotonic trend is present when the
variable being studied, such as precipitation, is
determined to increase or decrease as time increases. Step
trends, in which there is an abrupt shift at a specific point
in time, are unlikely in precipitation time series data sets,
due to the fact that precipitation changes are not impacted
by any man-made operation or structure, such as a dam.
Various nonparametric regression and correlation
coefficient calculations have been used for precipitation
trend series analysis, and it is common to use more than
one method for comparison purposes.

The Mobile - Tombigbee Basin includes areas in
Mississippi and Alabama and consists primarily of
forested and agricultural land. The basin contains rivers
which are used for navigation, wildlife mitigation and
recreational activities, such as fishing, swimming and
boating [12, 13]. Located within the Mobile - Tombigbee
Basin, the Tombigbee River provides one of the principal
routes of commercial navigation in the southern United
States, as it is navigable along much of its length through
locks and dams. As part of the Tennessee-Tombigbee
Waterway, it is heavily traveled to transport manufactured
goods [13, 14]. Many industries along the rivers and
within the basin area rely on the waterways to remain
navigable, as trade along the waterways continues to
increase each year [15], and changes in precipitation
impact the navigability of the rivers.

Mississippi and Alabama are both impacted by many
natural disasters, including floods, droughts, hurricanes,
tropical storms and tornadoes, primarily due to their close
proximity to the Gulf of Mexico [16, 17]. Not only can the
natural disasters harm humans, they pose serious risks to
society and create challenges for the economic
development. A prediction for changes in future
precipitation would assist in planning and allow
adjustments to procedures and policies for industries
within the Mobile - Tombigbee Basin, to ensure that rivers
remain navigable and industries are prepared for any
changes caused by varying precipitation.

During research of precipitation trend analysis in the
Mobile - Tombigbee Basin, various nonparametric
regression and correlation methods were evaluated. No
clear determination could be found as to which
nonparametric method should be applied to time series
precipitation data to analyze precipitation trends.
Therefore, the nonparametric regression and correlation
methods were performed on the same data sets to
compare results and determine how the results differed

among the various methods. This study can be used to
assist managers, planners and others in determining a
nonparametric regression analysis and correlation
method for performing trend analysis of precipitation time
series data for an area.

2. METHODOLOGY

This study investigates the variability of results using four
different nonparametric tests on precipitation time series
trend analyses for 33 stations within the Mobile -
Tombigbee Basin. Daily precipitation data for a 75-year
time period (1940-2015) was used to review and compare
the results from performing different nonparametric
regression and correlation analyses. Data used for this
study was obtained from the National Oceanic and
Atmospheric Administration (NOAA) [18]. Each station
included in the study had a minimum of 40 complete
seasonal years of data available for the time period from
October 1, 1940 through September 30, 2015. Figure 3
shows the NOAA stations within the Mobile - Tombigbee
Basin used for this study. Table 1 includes the information
for each station shown in Figure 3.
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Fig -1: NOAA Stations Included in Study
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Table -1: Summary of NOAA Stations Included in this

Study
N]:)l:&“il\bS::(tsi;) ln NOAA Station Location w]\i]:lhnzibo:l:lfestzalf::cl;]l)i::irsn
Data Available

10178 ALICEVILLE, AL 67
220021 ABERDEEN, MS 40
220378 BALDWYN, MS 62
14855; 10505 BANKHEAD, AL 63
10583 BAY MINETTE, AL 66
13876 BIRMINGHAM, AL 75
10957 BOAZ, AL 58
220955 BOONEVILLE, MS 68
11377 CARBON HILL, AL 52
221870; 221880 COLUMBUS, MS 69
22046 CRAWFORD, MS 66
12240; 12245 DEMOPOLIS, AL 66
12813 FAIRHOPE, AL 66
223208 FULTON, MS 64
13511 GREENSBORO, AL 59
13620 HALEYVILLE, AL 66
13644; 13645 HAMILTON, AL 72
224265 HOUSTON, MS 54
14193; 14192 JACKSON, AL 60
14225; 14226 JASPER, AL 48
225361; 225366 MACON, MS 56
16121 ONEONTA, AL 62
227106 PONTOTOC, MS 69
17157 SAINT BERNARD, AL 68
228374 STARKVILLE, MS 66
18178; 23802 THOMASVILLE, AL 71
18385 TUSCALOOSA, AL 70
229000; 93862 TUPELO, MS 61
18446 UNIONTOWN, AL 57
18517 VERNON, AL 48
18648 WALNUT GROVE, AL 42
12742 WARRIOR, AL 62
18998 WINFIELD, AL 61

1Stations with more than one station number listed
indicate that the monitoring station was relocated and
assigned a new station number during the 75-year time
period from October 1, 1940 to September 30, 2015.

2.1 Study Area. Mobile - Tombigbee Basin

The Mobile - Tombigbee Basin encompasses
approximately 57,000 square kilometers and is a region
defined by the United States Geological Survey (USGS) as
Hydrologic Unit Code (HUC) 0316 [19], as shown in the
map in Figure 2.

Measuring 644 kilometers long, the Tombigbee River is
an important feature within the Mobile - Tombigbee Basin.
As part of the construction of the Tennessee-Tombigbee
Waterway, the Tombigbee River was impounded and
became navigable for travel by barges and recreational
boats. It receives water from the Black Warrior River and

later joins the Alabama River approximately 48 kilometers
(30 miles) north of Mobile, to form the Mobile River [12].
Figure 3 shows the stream networks within the Mobile -
Tombigbee Basin, provided by the USGS [19].

HUC 0318 \
MOBILE-TOMBIGBEE \
WATERSHED '\

MISSISSIPPI

ALABAMA

Fig -2: Map of the Mobile - Tombigbee Basin, defined by
HUC 0316, located in Alabama and Mississippi.

/

Fig -3: Provided by the USGS, this map shows the stream
networks located within the Mobile - Tombigbee Basin,

shown outlined in the green line and denoted by
HUC codes 031601 and 031602 [19].

2.2 Nonparametric Regression and Correlation
Coefficient Calculations

Each of the four nonparametric regression and
correlation methods discussed in this section were applied
to all 33 stations included in this study for analysis of the
annual precipitation during the 75-year time period.
Results are summarized for comparison and analysis.

2.2.1 Mann-Kendall Test

The Mann-Kendall test [20, 21, 22] appears to be the
most common nonparametric test used by researchers for
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studying hydrologic time series trends [3], perhaps
because the test does not require the data to meet an
assumption of normality, in which the data roughly fits a
bell curve shape [10, 20]. The test compares the relative
magnitudes of sample data rather than the data values
themselves [21], and it can be used to analyze data
collected over a long period of time for consistently
increasing or decreasing monotonic trends of a Y-value
when the X variable is time [10, 20, 22]. Results of the
Mann-Kendall test, referred to as the Mann-Kendall
Statistic (S), can be used in conjunction with a variance of S
(VAR(S)) and standardized test statistics (Z), to provide an
indication of whether a trend exists and whether the trend
is positive or negative. However, it does not indicate the
magnitude of the slope or estimate the trend line itself,
even when a trend is present. When using the Mann-
Kendall test, a larger number of data points will allow the
test to find a true trend, if one exists, as opposed to a trend
found by chance if only a small number of data points are
used [20, 22].

The null hypothesis (Ho) for the Mann-Kendall test is
that there is no monotonic trend in the series. The
alternate hypothesis (Hi) for the study of precipitation
trend over time is that there is an increasing or decreasing
trend in annual precipitation. To calculate S, the data must
first be listed in the order in which it was collected over
time: Xxi, Xz, ..., Xn, Where x; is the datum at time i. Next, the
sign of all possible differences x; - xx where j > k are
determined. The differences are x; - X7, X3 — X1, ..., Xn — X1, X3
- X2, X4 — X2, . .., Xn — Xn-2, Xn — Xn-1, and the mathematical
equations used for calculating the differences are shown
below:

1iij—xk>0
Oif xj—x, =0
—lifx;—x, <0

sign(x; —x;) =

Once the differences are calculated, the net result of all
such increments and decrements yields the final value of S,
which is therefore calculated by:

n-1 n
S = Z Z sign(x;— xx)
k=1 j=k+1

An increasing trend is indicated with a very high
positive value of S, and a decreasing trend is indicated by a
very low negative value of S. It is necessary to compute the
probability associated with S and the sample size, n, to
statistically quantify the significance of the trend. VAR(S) is
used for data sets with more than 10 values, provided that
the data set does not have many tied values [22]. VAR(S)
can be calculated using the following equation:

VAR(S) = % nn—1)(2n+5)

g

- z t,(t, — D(2t, + 5)

p=1

In which n is the number of data points, g is the number of
tied groups in which a set of sample data has the same
value, and ¢, is the number of data points in the pth group.
To determine the significance of the results, a 95%
confidence level was recommended, equivalent to a 5%
level of significance, also noted as alpha (o). Data sets with
less than a 95% confidence level are not considered to be
statistically significant, and therefore no statistically
significant trend is determined to be present [10]. Ho
cannot be rejected when the probability value (p-value) is
greater than the significance level of 0.05, meaning that if
the p-value is greater than 0.05, no statistically significant
trend is considered to be present. For this study, the
precipitation data was input into the software XLSTAT,
which calculated S, VAR(S), and the p-value of the data set.

2.2.3 Kendall’s tau Correlation

Following the Mann-Kendall calculations, subsequent
calculation of Kendall's tau (1) coefficient permits a
comparison of the strength of correlation between the X
and Y variables [10, 23]. Developed in 1938 by Maurice
Kendall [23], the value of tau ranges from -1 to 1 and
demonstrates the determined trend, as well as the strength
of the trend, with stronger trends being further from zero.
Essentially, T is a scaled measure of S [24]. As with other
nonparametric methods, the 1 correlation coefficient is not
impacted by the magnitude of extreme values, and typically
can be used with as few as 10 observations within a dataset
[25].

If S has been calculated for a data set, calculating t
involves just one formula, using the value of S and the
number of observations within the data set, n. The
equation to be used is shown below:

=S+ [n(n-1)/2]

Tt can also be calculated without the value of S. To
perform this calculation, the time series data sets must first
be listed in chronological order, at which time the number
of concordances and discordances can be determined, as
well as the number of ties, in the paired observations. Two
observations are considered concordant if they are in the
same order with respect to each variable. For example,
using two observations in the data set (x; y;) and (x; y;), as
time (considered as the x-value) increases in the data set,
the y-value will also increase, meaning that the
observations are concordant. The same observations
would be considered discordant if the y-value is in reverse
order from the x-value, such as when x increases, y
decreases. Lastly, the two observations are considered tied
if x; = x; and/or y; = y;. The total number of pairs that will be
generated for a sample size is calculated by

n 1
N = (2) = En(n— 1)
N can be broken down into these five quantities:
N=P+Q+X,+Y,+ (XY)

in which P is the number of concordant pairs, Q is the
number of discordant pairs, X, is the number of pairs tied
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only with the x variable, Y, is the number of pairs tied only
with the y variable, and (XY), is the number of pairs tied
on both X and Y. Using time series data, with daily
precipitation totals, the x variable should not be tied at any
point, resulting in no values for X, and (XY),. The value of
T can be calculated to measure the association between the
x and y variables, calculated using the following formula:

P—-Q
JP+Q+X)P+Q+Yy)

The result of this equation will be a value between -1 and 1.
Values of zero, or near to zero, will signify no trend for the
data series. Statistical significance was determined and
incorporated into the analysis of the results for each data
set. Both 1t and the p-value were calculated using the
XLSTAT software, which required the precipitation time
series data to be input into the software for each station
being analyzed.

2.2.3 Spearman’s Correlation

Spearman’s rank correlation coefficient rho (p) is a
nonparametric coefficient that can be used to test for
monotonic trends and measure the strength of association
between two variables, much like 1. It is a common
numerical measure of the degree of linear association
between two variables [26]. A value of 1 would indicate a
perfect positive correlation, and a value of -1 would
indicate a perfect negative correlation. Values near zero are
calculated when no trend is present in the data set. An
advantage of the Spearman’s rho rank correlation
coefficient method is that a normal distribution of the x and
y values in the data set is not required. Also, the x and y
values can be continuous or ordinal. Spearman’s rho
calculations assume no seasonal trends are present, which
typically require more sophisticated evaluations, and
should only be used on data sets with at least 20
observations [10]. Calculation of p is often used in
combination with the Mann-Kendall test for comparison
purposes, and it is less commonly used independently to
access the significance of trends in hydro-meteorological
data [27].

In order to calculate p, each observation (x, y) within the
data set with a sample size n, is converted to a rank, and
assigned a rank value, rg(x;), rg(yi;). The difference (d;) in
the ranks of each observation are calculated as shown
below.

di =rg(x;) —rg(y:)
p can then be calculated using the following formula:
6Yd;
nn?—-1)
The statistical significance of the data set should be
determined and included in the analysis of the results of
the p correlation coefficient calculation. This calculation is

not sensitive to any outliers in the data set and is best used
with a data set containing at least ten observations [24].

p=1

A calculator for finding the value of p, given the
precipitation time series data for each station, was
provided online by Social Science and used for this study
[26]. The software also calculated the p-value, allowing for
interpretation to determine if the results could be
considered as statistically significant.

2.2.4 Kendall-Theil Robust Line

The Kendall-Theil Robust Line Method (KTR), also
referred to as the Theil-Sen Estimator, Sen’s Slope
Estimator or Kendall Robust Line-fit method, was
developed originally in 1950 by Henri Theil [28]. Later, in
1968, the process was refined by Pranab K. Sen [25], and it
was again further developed later by Maurice Kendall in
1975 [22]. Theil originally introduced the method using a
set of two-dimensional points to determine the median of
the slopes, as calculated by all pairs of sample points within
a data set [28]. Sen later extended the definition of the
nonparametric test to handle the case in which two data
points have the same x-coordinate [25]. As the method was
developed, it has also become more frequently used with
the development of computer software available to
perform the analysis. The KTR line is resistant to the effects
of outliers in the dataset, as well as non-normality. Helsel
and Hirsch [10] note that robust methods, such as the KTR
line, are not sensitive to values at the tails of the
distributions, and therefore, minimize the effect of
assumptions about data below detection limits and the
effect of outliers on the determination of relations between
variables. The KTR line method should be used to
determine how steeply a trend is decreasing or increasing
over time. However, the results do not indicate if a
statistically significant trend is present, so this test should
be used in conjunction with another nonparametric test,
such as the Mann-Kendall, to determine if a trend is
present in the data available, as well as the significance
level and p-value of the data set results.

When Theil first used the method to estimate the slope
of a nonlinear line, a slope Ay/Ax was computed for each
comparison of data pairs, and the median of all possible
pairwise slopes is taken as the nonparametric estimated
slope. The fitted line generated always goes through the
pOint (Xmedian;ymedian) [28]

To calculate the estimated slope of the linear line using
the KTR method, the median (m) of the slopes for each set
of points (x; y;) is calculated using the formula

_ v . B .
U= fori=1ton-1andj=2ton.
The number of possible slopes (N,) between data pairs is
calculated using the equation

nn—1)
pT T o5
After all slopes are calculated, the slope estimates (m;;)

are sorted and ranked from lowest to highest. If N, is an
odd number, the median slope is selected as the middle
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value of the array. In situations where N, is an even
number, the median is calculated as the arithmetic average
of the two center points. Once the slope m has been
determined, the y-intercept (b) can be calculated, as the
median of all values.

b=y —mx;

It should be noted that slopes are calculated only for
points having distinct x values. Situations in which two data
points have the same x values should be removed. The
slope determined by the KTR Line Method should be
significantly different from zero when t is significantly
different from zero [26].

The USGS offers a software for calculating the equation
of the Kendall-Theil Robust Line and other applicable
values for the time series data sets. This software, and the
techniques and methods involved, is available for
download online, and details regarding the process and
calculations are found in the publication written by
Gregory E. Granato [29]. The KTR Software developed by
USGS was used for this study.

3. RESULTS

The preliminary analysis for this study included
determining S, as well as its variance, 1, p and the slope of
the KTR Line for the time series of annual precipitation
from October 1, 1940 through September 30, 2015, for
each NOAA station listed previously in Table 1. For each
calculation, it was noted if the result was an increasing or
decreasing trend in the annual precipitation, and the p-
value was also noted in the results for the Mann-Kendall,
Kendall's tau and Spearman’s rho tests. Results were
considered significant when the p-value was less than or
equal to 0.05.

Table 2 lists the results of the Mann-Kendall test, including
the S, VAR(S), the p-value and the trend found in the total
annual precipitation, increasing or decreasing. Of the 33
stations used for analysis in this study, nine (9) of them had

Bay Minette, AL 415 32651.67 0.022 Increase
Birmingham, AL 299 47791.67 0.171 Increase
Boaz, AL 215 22223.67 0.149 Increase
Booneville, MS 248 35688.67 0.189 Increase
Carbon Hill, AL 12 16059.33 0.925 Increase
Columbus, MS 282 37275.33 0.144 Increase
Crawford, MS 277 32651.67 0.125 Increase
Demopolis, AL 289 32651.67 0.110 Increase
Fairhope, AL 203 32651.67 0.261 Increase
Fulton, MS 316 29792.00 0.067 Increase
Greensboro, AL 42 23382.67 0.784 Increase
Haleyville, AL 511 32651.67 0.005 Increase
Hamilton, AL 598 42316.00 0.004 Increase
Houston, MS 108 17966.00 0.420 Increase
Jackson, AL 232 24583.33 0.139 Increase
Jasper, AL 224 12658.67 0.047 Increase
Macon, MS 156 20020.00 0.270 Increase
Oneonta, AL -95 27104.33 0.564 Decrease
Pontotoc, MS 179 37274.33 0.354 Increase
Saint Bernard, AL 164 35688.67 0.385 Increase
Starkville, MS 437 32651.67 0.016 Increase
Thomasville, AL -109 40588.33 0.588 Decrease
Tupelo, MS 171 38908.33 0.386 Increase
Tuscaloosa, AL 108 25823.33 0.502 Increase
Uniontown, AL 16 21102.67 0.912 Increase
Vernon, AL -186 12658.67 0.100 Decrease
Walnut Grove, AL 291 8514.33 0.001 Increase
Warrior, AL 321 27104.33 0.051 Increase
Winfield, AL 347 25822.33 0.031 Increase

The results of the Spearman’s rho calculation and the
corresponding p-value are summarized in Table 4. The
same nine stations discussed above resulted in p-values
less than 0.05, determined as rejecting the null hypothesis.

Table 5 summarizes the results of the KTR Line test, and
the KTR equation calculated for each data set. The level of
confidence and significance were not calculated with the
KTR software.

Table -3: Summary of Results of Kendall’s tau

statistically significant results. These stations were Trond
Aliceville, AL, Baldwyn, MS, Bay Minette, AL, Haleyville, AL, NOAA Station Kf::*(’:;s p-value | (Increasingor
Hamilton, AL, Jasper, AL, Starkville, MS, Walnut Grove, AL Decreasing)
. e Aberdeen, MS 0.021 0.799 Increase
and Winfield, AL.
Aliceville, AL 0.277 0.012 Increase
The results of Kendall’s tau test are listed in Table 3, which Baldwyn, MS 0.201 0.021 Increase
includes the calculated value of 7, as well as the p-value and Bankhead, AL 0152 0.078 Increase
the apparent trend of the annual precipitation. These Bay Minette, AL 0193 0.022 Increase
calculations for t resulted in the same determined trends Birmingham, AL 0.108 0.171 Increase
as the Mann-Kendall test, and the same nine (9) stations Boaz, AL 0130 0.149 Increase
with a p-value less than 0.05. Booneville, MS 0.109 0.189 Increase
Carbon Hill, AL 0.009 0.925 Increase
Table -2: Summary of Results of the Mann-Kendall Test
Columbus, MS 0.120 0.144 Increase
oA St Mann- Variance Trend Crawford, MS 0.129 0.125 Increase
aton Kendall of S p-value | (Increasingor Demopolis, AL 0.135 0.110 Increase
Location Statistic (S VAR(S D i
istic (S) S) e g) Fairhope, AL 0.095 0.261 Increase
Aberdeen, MS 47 34147.67 0.799 Increase
Fulton, MS 0.157 0.067 Increase
Aliceville, AL 216 7366.67 0.012 Increase Greensboro, AL 0.025 0.784 Increase
Baldwyn, MS 381 27104.33 0.021 Increase Haleyville, AL 0238 0.005 Increase
Bankhead, AL 297 28427.00 0.078 Increase
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Hamilton, AL 0.234 0.004 Increase
Houston, MS 0.075 0.420 Increase
Jackson, AL 0.131 0.139 Increase
Jasper, AL 0.199 0.047 Increase
Macon, MS 0.101 0.270 Increase
Oneonta, AL -0.050 0.564 Decrease
Pontotoc, MS 0.076 0.354 Increase
Saint Bernard, AL 0.072 0.385 Increase
Starkville, MS 0.204 0.016 Increase
Thomasville, AL -0.044 0.588 Decrease
Tupelo, MS 0.071 0.386 Increase
Tuscaloosa, AL 0.059 0.502 Increase
Uniontown, AL 0.010 0.912 Increase
Vernon, AL -0.165 0.100 Decrease
Walnut Grove, AL 0.338 0.001 Increase
Warrior, AL 0.170 0.051 Increase
Winfield, AL 0.190 0.031 Increase

After reviewing and comparing the determined trend
directions using the four nonparametric regression and
coefficient methods, it was noted that for 32 of the 33
station locations used in the analysis, the determined trend
for annual precipitation was the same for all methods and
tests used. Only one station, Uniontown, AL, had different
trend directions using different nonparametric tests. The
data set of annual precipitation for this station showed an
increasing trend in annual precipitation using the Mann-
Kendall, Kendall’'s tau and KTR Line methods, but it
resulted in a decreasing trend in annual precipitation when
using the Spearman’s rho calculation. The p-value for this
station was high for all methods/tests, determined to be
0.912 for the Mann-Kendall and Kendall’s tau tests and
0.993 for the Spearman’s rho test. With such a high p-value,
almost to the maximum value of 1.0, it should be
interpreted that the Ho cannot be rejected, meaning that no
trend is present in the data set analyzed. The high level of
the p-value for the Uniontown, AL station could indicate
that the trend is very close to static, meaning little or no
change in total annual precipitation over time. It could also
signify that the trend is increasing or decreasing at such a

Table -4: Summary of Results of Spearman’s rho

Haleyville, AL 0.32976 0.00685 Increase
Hamilton, AL 0.19098 0.13062 Increase
Houston, MS 0.12438 0.37021 Increase
Jackson, AL 0.1825 0.16283 Increase
Jasper, AL 0.28561 0.04909 Increase
Macon, MS 0.1473 0.27865 Increase
Oneonta, AL -0.06248 0.62952 Decrease
Pontotoc, MS 0.08827 0.47075 Increase
Saint Bernard, AL 0.08085 0.5122 Increase
Starkville, MS 0.28246 0.02157 Increase
Thomasville, AL -0.06767 0.57497 Decrease
Tupelo, MS 0.09387 0.43956 Increase
Tuscaloosa, AL 0.7472 0.5671 Increase
Uniontown, AL -0.00133 0.99217 Decrease
Vernon, AL -0.22764 0.11968 Decrease
Walnut Grove, AL 0.48043 0.00128 Increase
Warrior, AL 0.24751 0.05243 Increase
Winfield, AL 0.2865 0.02519 Increase

low rate it cannot be consistently calculated. If the data set
for Uniontown, AL were removed from the analysis, all
remaining data sets for the stations used were in
agreement for the resulting trend of the annual
precipitation, regardless of the result of the p-value for the
data set.

4. CONCLUSIONS

This study compared the variability of annual
precipitation trends for 33 stations within the Mobile -
Tombigbee Basin using four nonparametric regression
and coefficient correlation methods (Mann-Kendall
Statistic, Kendall’s tau, Spearman’s rho and Kendall Theil
Robust Line equation). After performing the calculations
of the four methods using data sets of the annual
precipitation totals for stations within the Mobile -
Tombigbee Basin, it was determined that in the majority of
cases (97%), the same trend and level of significance was
determined, regardless of the method used. The need for
an additional study is present, to further investigate the
inconsistency in the results for the one station that did not

Trond have agreement in the results between the various
NOAA Station Spearman’s _value (Increasing or methods
Location rho (p) p Decreasi & ) '
Aberdeen, MS 0.02049 | 0.86926 Increase Table -5: Summary of Results of the KTR Line Method
Aliceville, AL 0.4516 0.00344 Increase
Baldwyn, MS 0.290977 0.02177 Increase Trend
NOAA Station . . (Increasing
Bankhead, AL 0.21237 0.09473 Increase Location KTR Line Equation or
Bay Minette, AL 0.25828 0.03627 Increase Decreasing)
Birmingham, AL 0.15673 0.17933 Increase Aberdeen, MS Y =53.630+0.014 *X Increase
Boaz, AL 0.17358 0.19254 Increase Aliceville, AL Y =40.907 + 0.268 *X Increase
Booneville, MS 0.15378 0.21055 Increase Baldwyn, MS Y=45.564 +0.160 *X Increase
Carbon Hill, AL 0.01708 0.90437 Increase Bankhead, AL ¥=50.483 +0.127 *X Increase
Columbus, MS 0.16368 0.17898 Increase Bay Minette, AL Y=57.252+0.191 *X Increase
Crawford, MS 0.19194 0.1226 Increase Birmingham, AL Y =51.854 +0.064 *X Increase
Demopolis, AL 0.20927 0.09173 Increase Boaz, AL Y=52.920 + 0.081 *X Increase
Fairhope, AL 0.12556 0.31511 Increase Booneville, MS Y=51.133 +0.088 *X Increase
Fulton, MS 0.22756 0.07054 Increase Carbon Hill, AL Y =56.361+0.007 *X Increase
Greensboro, AL 0.03761 0.77732 Increase Columbus, MS Y=49.061+0.107 *X Increase
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Crawford, MS Y =48.940 + 0.086 *X Increase

Demopolis, AL Y =50.605 + 0.096 *X Increase
Fairhope, AL Y =60.834 + 0.096 *X Increase
Fulton, MS Y=51.779 +0.114 *X Increase

Greensboro, AL Y =52.996 + 0.015 *X Increase

Haleyville, AL Y=52515+0.178 *X Increase
Hamilton, AL Y =49.797 + 0.182 *X Increase
Houston, MS Y =52.765 + 0.062 *X Increase
Jackson, AL Y =52.493 +0.084 *X Increase
Jasper, AL Y =50.593 +0.218 *X Increase
Macon, MS Y =52.619 + 0.075 *X Increase
Oneonta, AL Y =56.844 +-0.044 * X Decrease

Pontotoc, MS Y =53.336 + 0.056 *X Increase

Saint Bernard, AL Y =54.085 + 0.048 *X
Starkville, MS
Thomasville, AL

Tupelo, MS

Increase

Y =48.688 + 0.149 *X
Y =57.264 +-0.038 *X
Y =52563+0.052*X
Y =50.738 +0.032 *X
Y =50.643 + 0.009 *X
Y =65572+-0.224*X
Y =43.893 +0.255*X
Y=47.391+0.119 *X

Increase

Decrease

Increase

Tuscaloosa, AL Increase

Uniontown, AL Increase
Vernon, AL
Walnut Grove, AL
Warrior, AL

Winfield, AL

Decrease

Increase

Increase

Y=52216+0.174*X Increase

The results of the trend analysis methods indicate that
increasing or decreasing trends in precipitation time
series data sets agree between the various methods.
Researchers should therefore be confident that time series
trend analysis can be performed using any of the four
nonparametric regression and coefficient correlation
methods used, and findings among the methods would be
consistent. However, the use of at least two methods in
any study is recommended, for confirmation of results and
comparison of not only the resulting trend for the data set,
but the rate at which the trend is increasing or decreasing.
The level of confidence and statistical significance were
also discussed and compared between the various
methods. Again, the results were consistent between
methods, with the same stations resulting in a level of p-
value less than 0.05 for each method. It is at the
researcher’s discretion the interpretation of the p-value,
but typically in time series trends, the value of 0.05 for
alpha is considered for use, and any variations of this
should be noted prior to testing of the data sets. Further
incorporation of other nonparametric regression and
correlation methods could be added to compare with
those used in this study for additional confirmation or
investigation into the results and analysis of a trend in the
time series data sets.
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