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A regional frequency analysis was conducted for precipitation to bring more detailed information about the
amount and distribution of rainfall over the Tombigbee River Basin to promote efficient water resources man-
agement in the study area. In addition, the results of the regional frequency analysis were combined with cli-
matological drought reduction information to determine the probability that a cumulative precipitation depth
needed to end a drought will be equaled or exceeded at least once in a specific season in the Tombigbee
River Basin. A total of 28 precipitation gages in eastern and northeastern Mississippi and western Alabama were
included in the study representing 1,352 station years of record. A regional analysis methodology was utilized,
and the Tombigbee River Basin was considered a homogeneous region to increase the dataset and improve
the reliability of precipitation-frequency estimates. The International Center for Infegrated Water Resources
(ICIWaRM) Regional Analysis of Frequency Tool (ICI-RAFT) was used to develop the regional frequency analysis.
The software involves the application of the L-moments to characterize the variability, skewness and kurtosis of
the data, determine heterogeneity in the region, and assist in the identification of appropriate regional prob-
ability distribution(s). Verification of results indicated that the selected frequency distributions provide reliable
exceedance values for precipitation. Results also showed that spring would be the season with a more prob-
able chance of recovery from a moderate or severe drought in the Tombigbee River Basin.

Intfroduction

Precipitation in the TRB generally is the result of con-
vective showers from surface heating of moist air or
the frontal liffing of moist air over polar continental air
masses moving into the states from the north (Paulson
et al, 1991).

Rainfall from 28 climate stations within the basin in-
cluded in the NOAA's National Climatic Data Center
(NCDC) (Figure 1) averages 1441 mm annually from
1981 to 2010. Rainfall is distributed geographically,
ranging from a high of 1581 mm in the eastern station
located in Halleyville, AL to a low of 1337 mm in the
southern station located in Gainesville, AL.

The drought termination refers to the moisture needs
associated with recharge, demand and runoff that
have been brought back to normal or above normal
(Karl et al., 1987). The criterion proposed by Palmer
(1965) to determine the end of a drought is defined
by a PHDI value of -0.5 while drought amelioration is

achieved when a PHDI value of -2.0 is reached. Other
factor to be considered is the probability that a re-
gion will actually receive the amount of precipitation
needed to ameliorate or reduce a drought.

A region that does not normally experience exces-
sively heavy precipitation during a specific season
may be less probable to receive a sufficient rainfall
amount for ending a drought than a region with
record of occurrence of extreme precipitation events
during the same season.

A RFA was conducted to bring more detailed infor-
mation about the amount and distribution of pre-
cipitation over the TRB to promote efficient water
resources management in the area. Results of the
RFA were combined with climatological drought re-
duction information to determine the probability that
a cumulative precipitation depth needed to end a
drought will be equaled or exceeded at least once in
a specific season of the year.
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Methods

Regional Frequency Analysis Methodology

The methodology used for deriving rainfall frequency
estimates for the Tombigbee River Basin is an Index
Flood RFA approach as outlined by Hosking and Wal-
lis (1997). To complete the analysis, the Internationall
Center for Integrated Water Resources, ICIWARM's
Regional Analysis of Frequency Tool (ICI-RAFT) was
used. The purpose of ICI-RAFT is to estimate the
frequency/intensity of a rainfall event of a particular
duration using rainfall observations on the ground.
ICI-RAFT has been formally reviewed and approved
by the USA Corp of Engineers Hydrologic Engineer-
ing Center (USACE-HEC) and the Instfitute for Water
Resources (USACE-IWR).

Data Screening. The first step in the procedure of
analysis and the use of the software is to test for outli-
ers, inconsistencies, and shifts. The ICI-RAFT software,
based on the methodology proposed by Hosking
and Wallis (1997), estimates a discordancy parameter
based on the difference between L-moment ratios of
a site and the average L-moment ratios of a group of
similar sites (region). The discordancy parameters can
be used to determine abnormalities in a dataset and
aid in identifying homogeneous regions. A beginning
month on each season (December, March, June and
September) and duration in months (3 months) was
entered to define the time frame for the analysis.

Regionalization. A homogeneous region is considered
a geographic delineated area or the collection of
sites with similar characteristics pertinent to the rainfall
frequency. In this study, the stations were grouped

in a unigue homogeneous region. A heterogeneity
measure (H) is determined by the model to compare
between site variations in sample L-moments for a
group of sites with what would be expected for a
homogeneous region.

Choosing a Frequency Distribution. The ICI-RAFT soft-
ware estimates the Pearson’s R-values and z-scores
for up fo 14 standard frequency distributions for which
the data is fitted. These parameters give an indication
of the closeness of fit of each standard distribution
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fo the sample data of the region being analyzed. A
Pearson R-value close to 1 and a z-score close to 0
(1z|<1.64) indicate a good fit.

Estimation of the Frequency Distribution. The regional
distribution was fit to scaled or normalized site data,
the resulting regional exceedence curve will be then
multiplied by a mean value representative of the
selected site. Two options are available: using the
L-Mean (L1) computed from the selected sites rainfall
data provided in the input file or using an Index Flood
value for that site. The Index Flood method uses the
Mean Precipitation for the specified period of analy-
sis. This method of computing the at-site estimate of
the X-year storm event should be an improvement
over direct at-site estimates.

Precipitation Needed to End a Drought

The probability that a cumulative precipitation depth
needed to end a drought will be equaled or exceed-
ed at least once in a specific season at the TRB used
results from the RFA previously developed and the
climatological drought reduction information gener-
ated by NOAA-NCDC at its website (http://www.
ncdc.noaa.gov/temp-and-precip/).

The map of the precipitation to end drought for
each possible PHDI level at each season of the year
(3-month duration) was requested. By using the Pear-
son Type 3 frequency distribution fitting, the recur-
rence interval and the exceedence probability of the
minimum and maximum precipitation depth to end

a drought reported at each requested map for each
season was estimated.

Results

Rainfall Regional Frequency Analysis

Screening of data. The screening analysis filtered one
station to be included into the regionalization analy-
sis. The exclusion was caused by a limited availability
of information into the entire time series of this station
(12 complete years with data), which caused the
L-skewness and the spread value (L2) fo be observed
as outlier values within all the stations dataset (Figure
3).
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Identification of homogeneous regions. Homogeneity
criteria were satisfied with the 27 possible accepted
stations. TRB potfentially could be treated as one ho-
mogeneous region (Table 1).

Table 1. Homogeneity measures for the regionaliza-
tion schemes examined at 1, 3 and é months dura-
tion data

Regionadlization

Number of sites H
scheme
Winter 27 -1.11
Spring 27 -1.01
Summer 27 0.72
Fall 27 -1.23
Annual 27 -0.35

Selection of frequency distribution(s). The good-
ness of fit measures Pearson “R"” and “z" were used
to aid to identify the distribution(s) yielding the ro-
bust estimations of quantiles for each season [Table
2 - Pearson Type Il (PE3), Log-Pearson Type Il (LPE),
Log-Normal (LNO) and the General Extireme Value
(GEV)]. |z|<1.64 corresponds to the failure to reject
the hypothesized distribution at a Cl of 90% (Hosking
and Wallis, 1997).

Exceedence Probability of Precipitation Needed to
End a Drought

Summer and fall have similar magnitude of the mini-
mum amount of precipitation needed to end any
drought (level -2 to level -6), which is an expected
condition as both seasons have relatively similar
mean cumulative precipitation depths, 307-mm in
winter and 296-mm in spring. Similar condition ob-

served when spring and winter seasons are com-
pared, (401-mm in winter and 398-mm in spring).

Conclusions

A regional index flood model was developed for

the four 3-month seasonal duration. One regional
scheme (TRB as one homogeneous region) was vali-
dated and used to the performance of the complete
analysis.

The regional frequency method and the use of the
ICI-RAFT software are convenient for delivering reli-
able and reproducible estimates of rainfall frequen-
cies over areas with big extension such as the TRB.

A future investigation of rainfall frequency in the TRB
would include precipitations with different duration
(Th, 2h, 3h, éh, 24 h) to estimate rainfall intensities.
Combining the evaluated methodology and compu-
tational tools, producing rainfall Intensity-Frequency-
Duration estimates would help in updating existing
estimates, which are considered for use in the design
of storm water management facilities and water sup-

ply.
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Table 2. Summary of goodness of fit statistic considering the Tombigbee River Basin a homogeneous region

Duration PE3 LP3
Pearson R z* Pearson R

Winter 0.988 -0.49 0.9857

Spring 0.9642 -8.59 0.9705

Summer 0.9885 2.07 0.989

Fall 0.9872 -1.35 0.9841

Annual 0.9869 -1.25 0.9871

Distribution
LNO GEV
Pearson R z Pearson R z
- 0.9881 -2.54 0.987 -1.37
- 0.9726 -8.71 0.9752 -7.34
- 0.9874 0.54 0.9877 2.50
- 0.9885 -3.69 0.9887 -0.47
- 0.9874 -1.33 0.9869 -1.50
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Table 3. Range of precipitation depth needed at each season to end a PHDI level drought in the Tombigbee

River Basin
PHDI Spring
Min | Mean

-2 460 556
-3 460 602
-4 460 648
-5 610 770
-6 610 815

Max
655
746
840
930

1020

Min
382
460
460
610
610

Range of Precipitation (mm)

Summer

Mean
420
616
672
804
860

Max
460
775
885

1000

1110

Min
382
460
460
610
610

Fall
Mean
420
722
787
927
992

Max
460
990

1120

1245

1375

Min
460
460
460
460
610

Winter

Mean
787
935

1015
1095
1252

Max
1250
1415
1575
1735
1895

Table 4. Recurrence interval of precipitation needed at each season to end a PHDI level drought in the Tom-

bigbee River Basin

PHDI Spring
Min | Mean
-2 4 8
-3 4 12
-4 4 18
-5 13 55
-6 13 88

20

Max
19
45

110
375
865

Min
4.5
10
10
76
76

Mean
7

82
186
>1000
>1000

Max
10
1000
>1000
>1000
>1000

Min
5
10
10
60
60

Range of Recurrence Interval (yr)
Summer

Fall
Mean
7
248
526
>1000
>1000

Max
10
>1000
>1000
>1000
>1000

Min

NA NN DN

Winter
Mean
240
>1000
>1000
>1000
>1000

Max
>1000
>1000
>1000
>1000
>1000
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Figure. 1. Location of climatic stations within the TRB
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Figure. 2. 12-month (Jan-Dec) Palmer Hydrological Drought Index (PHDI) in the TRB from 1975 to 2012 (Source:
NCDC-NOAA)

=2 x|
_ Sitars Risjasond
Sites Informetion ] =
|
Sae D 12883 -
74 1
L-Moan (L1} 43,264 |
2 | |
L-Scaio (L2} 7857 = H |
= |
45 .
LOVE) 01746 : |
I |
LeShow (1) 008%E |
15 | !
Lokurtosis ) 01083 | |
| | |
[
Discordancy, 0045 ] 1,5 3 45 B (X7 9
Spresd (L7 ()
Ciatate Sie
* bdacordart  + Discordanl ) Selecled
* Site Detalls :.l:l’_"j
Suve/Expod Chart Cloza —
Sites Reocted
Sitw Infarmation ]
Son D 12883
Ldtenn (L1} 43264
g |
LeSonte (L2} 7557 AR
LV K G TTee Stes ot Included in furthes ansyss |
3 L]
LS {E5) 0,085 ‘I,.C’I
L-Kusrtoses () 01083 .
sl
Dwscordancy: 0.045 oF 03
L-Skiwmiss
Dt Sdo i
* dacorda - Dacordad O Selcted
=var 1L-S!=¢~H=:s_!3_-'F e m
Sava/Expor Chaa (==17

Figure. 3. Representation of L-Skewness and Spread outlier extreme values for a station within the TRB rejected
for inclusion in the regional analysis

22



Poster Session

Reginal Rainfall Frequency Analysis and Drought Reduction in the Tombigbee River Basin

Ramirez-Avila, McAnally, Tagert, Ortega-Achury

o Winter

> |

L r L]

o e i e e o i e e
‘r_.ﬁi‘f‘!ﬂl‘f‘{‘ll“..l"-.l.a.l_:l“.l"l'{’
gl g [ ey

: ¢ ¥ - - &

* % % % % %% % % %%

e g Ry

CH== fied e Pyt e @ Lo Pehad % @ g

Fig. 4. Probability distribution for each season
(3-months duration) rainfall dataset.
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Fig. 5. Regional seasonal precipitation frequency for
the TRB
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Precipitation Required to End a Level -2 PHDI
Drought in Three Months

December

Mational Climatic Data Center, NOAA

trace
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Fig. 6. Precipitation required to end a level -2 PHDI during the winter (Source: NOAA-NCDC)
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