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EXECUTIVE SUMMMARY

This report provides a comprehensive summary for hydrologic data in Lake
Kissimmee Basin, LKB, as part of Upper Kissimmee River Watershed (UKRW). The
UKRW is a major water source in the South Florida water Management systeni.
Hydrologic data pertaining 1o this basin exist in the South Florida Water management
District database, DBHYDRO. These data are mainly time series of Flow, Rainfall,
Stages, and Evaporation. Such rime serics are sometimes interrupted by gaps of missing
or guestionable data. The estimation ol such data and the summarization of all data 18 an
essential component [or hydrologic investigations.

In this study, a series of data estimation procedures have been developed to
improve the quality of flow data, and to provide a concise representation of all data
pertaining to LKB. The improved uninterrupted flow data are stored In new databasc
keys called "preferred keys". The representation of data includes slatistical measures,
summary tables, and graphic presentation. Missing data estimation was conducted based
on the hydrologic concepts of the basin and auto corrclation analysis. Time serics were
summuarized into basic monthly statistics such as Mean, Median, Standard Deviation,
Minimum, and Maximun. Time series plots of the historical hydrologic data are also
presented.
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INTRODUCTION

The Upper Kissimmee River Watershed, UKRW, represents a major source of inflow
contribution to Lake Okeechobee. This basin consists of a set of sub-basins connected through a
chain of lakes and canals, Such a chain conveys water from the entire UKRW to Lake Okeechobee
via the Kissimmee River. Figure la shows a layout of the sub-basins as well as the chain of lakes
and canals cornprising UKRW. A hydrologic description of this area can be found in the literature
{Fan, 1986; Fan and Lin, 1984; Guardo, 1992). Extensive hydrologic data pertaining to UKRW are
found in the District's main hydrologic database, DBHYDRO. These data are sets of time series of
Rainfall, Pan Evaporation, Stage, and Flow sampled and/or computed at many locations, usually on
a daily basis, over the UKRW. These data represent a major source of information that is essential
to understanding the hydrology of this basin. Organized compilation, statistical measures, and
graphical representation of such data are essential for hydrologic modeling, forecasting, and decision
making, The objectives of this series of studies are: 1) to present a hydrologic data summary for
each sub-basin of significant contribution to the UKRV '™ hydrology, a1 2) to use the available
sources of information to develop continuous time series of flow data that will be stored in a
preferred key in the database.

Preliminary review showed that some of the UKRW time series data have gaps. These gaps
(missing, not processed, et¢.) range from a few days to several months. The starting and ending
dates are not necessarily the same across the data sets. Also, the range of records of these sets may
or may not overlap. Therefore, complete records of all time series of hydrologic data may not be
available, While data summary may be performed with only the available data, the assessment of the
missing information and the improvement of the existing data are essential for preterred database
key development, The preferred key is an alternate daia set where missing gaps are filled with
estimated data using nearby spatial and temporal data. Usually, the preferred key contains
continuous time series within the period of record that can be used for hydrologic applications.

The largest sub-basin in the UKRW is Lake Kissimmee Basin, (LKB), and the largest lake in
UKRW is Lake Kissimmee, The LKB has an area of 269.1 square miles, and Lake Kissimmee has
an area of 53.5 square miles. Because of its significance, LKB receives the first attention in this
series. This basin 15 approximately located within longitudes 81 05 00 and 81 27 30; and latitudes 27
45 00 and 28 02 00. Four medium-sized lakes drain into Lake Kissimmee. These lakes are Lake
Rosalie, Lake Jackson, Lake Marian, and Lake Tiger (higure 1b). Except for Lake Tiger, thesc
lakes contribute insignificant flow to Lake Kissimmee due to flow control at their outlets. Lake
Kissimmee has been regulated by the S65 structure since 1964 according to a specific regulation
schedule (see Figure 1c¢). The reader is referred to Guardo, 1992, for more details about the
hydrologic conditions and the hydrologic structures of LKB.
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This report presents a procedure for estimating missing data, reviewing the existing data, and
providing a hydrologic data summary for LKB. The tools and strategy developed in this study will
be utilized in subsequent studies. The main objectives of this study are to 1) outline development of
preferred database keys (when possible) and 2) summarize the historical hydrologic data

The main body of this report consists of four sections covering the four hydrelogic
components (Flow, Rainfall, Stage, and Evaporation) in the UKRW. In each section, the available
data are first presented. When applicable, data estimation methods for preferred key development
are presented. Data summary and relevant statistics are then provided.

FLOW

Inflow and outflow components of the LKB system are essential for water budget analysis.
Unfortunately, many of these components have no records and, hence, water budget analysis is
presently not feasible for the LKB. However, an overview and a summary of the available data, and
a development of preferred database keys are presented in the following three subsections.

Available Data

Table 1 presents detailed information about the flow stations available for this study. The
spatial locations of these stations are presented in Figure 2. Inflow records from Lake Hatchineba
are available from 1942 to 1968. Outflow records at the outlet of Lake Kissimmee (865) or through
Kissimmee River downstream of 565, are available from 1933 to 1997, Preliminary time series of
the flow records show a significant change of the flow pattern after January 1964. Such a variation
is due to the construction and the operation of the control structure S-65. These series were found
to contain many gaps and some records were found to be inconsistent with the hydrologic
characteristics of the UKRW in general and LKB in particular. Filling in the gaps, fixing the
inconsistent records, and hence, developing preferred keys are necessary for completing the flow
records. Such 4 process is presented below,

Table 1. Information about stations with inflow or outflow records within the LKB.

Station Dbkey | Method Starting date | Ending date | Latitude Longitude

L. Hatchingha * | OD173 Daily Mean | Jan/d2 Sep./68 28 00 0o §12250 |
CIBLEK O 00189 Daily Mean | Oct./33 Sep./o9 274613 Bl 1045
$65_S (00186 | Daily Mean | Oct/69 Sep./97 27 4% 13 81 11 54
365_5 (G7446 | Daily Mcan | Jul /97 Sep./97 2748 13 211154

* Station located outside the LEB but it measures inflow to the LKB.

Preferred Key Development

A preferred key is developed using two steps: 1) data review and 2) missing and
questionable data estimation. A missing data point is the one that has no numerical record. A
guestionable data point is the one that looks unrealistic according to the characteristics of the flow
through the basin. For example, negative flow values are often observed at the inlet and outlet
locations of the LKB, which contradicts the hydrologic characteristics of the UKRW (see Fan 1986).
To estimate the missing gaps, some statistical measures are used. To assure statistical homogeneity,



these measures must represent one system (i.e., onc population). As stated garlier, the ILKB has
changed from a natural system to a regulated one in 1964, Therefore, a set of statistical measures
will be estimated for each system. To estimate the missing data at a given station during the period
of & given system, the following procedure is [ollowed.
1) Define the gaps that need estimation by identifying the missing and the questionable data.
2) For gaps with three consccutive days or less, perform a lincar interpolation using the latest
and the carliest observed data points. This step can not be applied to stations downstream a
control structure where the flow travel time is less than or equal to three days.

3) For gaps with more than three consecutive days, apply the following procedure:

) Compute the Inflow-Outflow Auto Cross-Correlation Function (ACCF) regardless of
the data pap location.

i) Evaluate the lag with maximum cross correlation (the flow travel time).

it} Find the linear regression relationship between the two umc scries at this lag,
ivy  Use the resulting relationship to estimate the missing data.

v)  Set minimum flow as zero when back flow is not expected.

4) Subjectively visualize the time serics and make any necessary changes of any extrernes or
unrealistic valoe.
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Fipure 2. Locations of stations containing flow records within Lake Kissimmee Basin.

0



The above scheme was applied to the available flow data sets and, subsequently, the
preferred keys for these sets were developed. The overlapping records (from 1942 to 1968) of the
inflow and outflow stations (see Table 1) were divided into two sets: Pre-S65, and Post-565. For
each set, the Auto Correlation Function, ACF, and the Auto Cross-Correlation Function, ACCF,
were computed. The results of this application are given below.

Pre-865 Caonstruction

The ACF and ACCF for time series prior to 565 construction is presented in Figure 3a. As
shown, the ACF declines exponentially with obvious change in its second derivative at a 6-month lag
reflecting the seasonal variation of the natural system. The ACCF exhibits similar behavior. Also,
there is a clear difference between the Inflow-OQutflow ACCF and the Outflow-Inflow ACCF. The
carlier peaks after a 3-day lag and then declines. The later shows consistent decline and lower
correlation values. This is consistent with the fact that Lake Kissimmee outflow is hydrologically
dependent on the inflow from Lake Hatchineha, while the opposite is not true. The linear regression
relationship between the outflow at time t, and the inflow three days earlier, is:

O=-175.5+1.76%1,5 (p (3)=0.88) )

Where:
(), is Lake Kissimmee outflow on day (1)
li 18 inflow from Lake Hatchineha on day (t-3 days)
p (3) is the Inflow-Outflow ACCF at 3-day lag.

Post-565 Construction

The ACF and ACCF for time series post-565 construction are presented in Figure 3b. The
construction and the operation of S63 have altered the natural system of the LKB. It is clear that the
system statistical structure has significantly been altered. Compared to the natural system, the
regulated system shows a lower correlation value at any lag where the ACF and ACCF decline much
faster. The regulated system shows fluctuating ACF and ACCF beyond 90-day lag. The negative
ACF and ACCF as well as the fluctuation could be due to the operation schedule. The Inflow-
Cutflow travel time has increased to 12 days. The linear regression relationship between the outflow
at time t, and the inflow twelve days earlier, is:

O=-56.4+1.28*1,,; (p(12) = 0.83) (2)

Where
p (12) is the Inflow-Outflow ACCF at 12-day lag.

Two preferred database keys (H0288 for the Hatchineha inflow data and HO0289 for the LKB
outtlow data) have been created. The "preferred" time series for Lake Hatchineha inflow, period of
record 1941 to 1968, and the LKE outflow, period of record 1933 to 1997, are presented in Figures
4 and 5 respectively.
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IData Summary

A hydrologic data summary is essential for understanding the historical behavior of the
system, both annually and monthly. Figuces 6 a-e show monthly statistics of the "preferred” inflow
and outflow rocords. These statistics are the mean, median, standard deviation, mimmuin, and
maximum representing the system before and alter the operation of 565. Figure 6a shows that Lake
Hatchineha is a major source of inflow to the LK1, A significant difference is observed in the flow
seasonal patterns between the natural and the regulated systems. For example, during the penod
September through December, the LKB outflow in the regulated system is significantly less than that
in the natural system. This outflow reduction results in a stage risc in lake Kissimmee and, hence, a
decrease in the Hatchineha inflow. During January-May period, the flow 18 released. In June-
August period, the Hatchineha inflow is higher than the I.KB outflow (Lake Kissimmee is storing
water), The seasonal flow pattern in the regulated system clearly reflects the regulation schedule of
865 (See Figure 1) and the pattern of the stage monthly mean (sce the stage section), Figare 6b
shows that the monthly median is consistently lower than the monthly mean reflecting skewness in
the monthly flow distribution. Figure 6¢ shows the monthly standard deviation for flows.
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Figure 6a. Monthly mean of the Hatchineha inflow and the LKB
outflow records hefore and after the construction of 565,

RAINFALL

Int this section, the objective is to provide a data summary for the historical ramfall averape
over the hasin, While a weighted-average is desired using the Theissen polygon method, this
presentation will be Timited to un arithmetic average of the data. When a digitad boundary of this
basin is available, 4 weighted average will be performed, The available dala and the data summary
for rainfall are provided below.
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Available Data

Table 2 shows detailed information about the data from eight rainfall stations located in the
study area. The pericd of record for the entire data sets is from 1960 to 1997. The spatial locations
of these stations are presented int Figure 7. Time series for these records are presented in Appendix

A.

Table 2, Information about stations with rainfall records within the LKB.

Station Dbkey Method Starting date | Ending date | Latitude Longitude
MRF24 (5912 Daily Sum Nov/67 Oct/97 275817 812504
MRF25 05921 Daily Sum Mar/65 Jun/71 275342 810630
MBF27 05940 Daily Sum Mar/65 Sep/97 274813 11154
MRF2§ (05946 Daily Sum Nov/68 Nov/97 274715 311937
MRF50 06112 Daily Sum Oct/69 Jan/80 274726 811940
MRF61 06200 Daily Sum Feb/60 Mar/81 274800 211900
MRFB2 06295 Monthly Sum | Jan/1930 March/1943 | 274812 811152
565_R 16571 Daily Sum Jan/91 Nov/97 274813 811154
KISS_SP G | 16590 Daily Sum Jan/91 Nov/97 275634 B12118
276000
275800
275600
¥
B 275400
=
g 275200
275000
ZT4R00
274600
= = =
g s = s g g
= b x Longitude 29 &0 0

Figure 7. Station locations that contain rainfall records within the LKB.

Data Summary

For each station, monthly rainfall data and the associated statistics are summarized in two
tables presented in Appendix B. The procedures used for compiling these records are as follows:

1) Any month with a gap of more than 3 days of missing data is dropped from the monthly statistics,
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2) Any month with gaps of less than or equal 1o 3 consecutive days of missing data 18 considered in
the monthly slatistics after such gaps are filled using the nearest gauge station,

3y Rainfall data are sometimes recorded as cumulative values of several days. Such a record is re-
distributed evenly among those days.

4) For a piven year, any station with a gap of more than 3 consccutive days in any month is excluded
from the computation of annual rainfall average.

Monthly rainfall data presented in Appendix B were used to compute an arithmetic monthly
time series averaped across the entire basin. The associated statistics (e.g. mean, median, standard
deviation, and maximum) are presented in Figures 8a, b, ¢, and d. Figure 8a shows the monthly
average over the period of record. The figurcs clearly reflect dry conditions in the period "October
to April" with less than 4-inch monthly rainfall and wet conditions in the period "May o September”
with more than 4-inch monthly rainfall. Also, the mean and the median are very close reflecting
symmetry in the data distribution. The monthly time series was summanized into annual tme seres
represcnting the entire basin (Figure 9). From this figure, it is observed that rainfall in years 1931,
1935, 1970, 1981, and 1985 was below 40 inch; and rainfall in years 1965, 1969, and 1973 was
above 65 inches. The annual arcal rainfall average is 49.7 inches with an aonual standard deviation
of 8.531 inches.
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hManth

Figure $a. Monthly mean of areal rainfall over the LKB.
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STAGE

Stages in some lakes within the LKB are controlled independently by structures constructed
at the lake outlets. Therefore, it may be difficult to use stage in some Jakes to predict the stage in
other lakes. This section presents a hydrologic data summary for historical average stage for each
important site within the LKB. These sites are $65 (Headwater), S65 (Tailwater), Lake Kissimmee,
Lake Tiger, Lake Jackson, and Lake Rosalie. A presentation of the available data and the data
sumrpary are provided below.

Available Data

Fifteen stations with daily mean stage records representing the six sites were available for the
data summary in this study. Table 3 shows detailed information about these stations, The spatial
locations of these stations are presented in Figure 10. Except for the 565 headwater, stage data

periods of record start after 565 construction. A stage data summary is presented below,

Table 3. Information about stations with stage records within the LKB.

Station Dbkey Method Starting date | Ending date | Latitude Longimde
L. Rosalie 00180 Daily mesn | May/o7 Jan/95 275623 812514
565_H (0185 Daily mean | Aug/29 Janf05 274813 811154
865 T 0187 Daily mean | Oct/69 Jan/96 274813 811154
565 _H 4122 Daily megn | Oct/85 Mar/87 274813 811154
565 T 041724 Dailymean | Oct/85 | Mar/87 274813 Bl1154 |
L Kissimmee { 05118 Daily mean | Jul/84 Dec/97 275636 R12114

L. Tiger 05162 Daily mean | Apr/83 Cct/97 275220 812055

L. Jackson 09654 Daily mean | May/8R Apr/o7 275441 810901
865_H 12583 Daily mean | May/B8 Oct/B8 274813 811154
65T 12584 Daily mean | May/88 Oct/88 274813 B11154
S65_H 15704 Daily mean | Oct/94 Dec/97 274813 B11154

L Kissimmes 16059 Daily mean | Oct/94 Dec/97 275639 B11835

L Kissimmee 16060 Daily mean | Nov/%4 Dec/O7 275337 311342

L Kissimmes 16061 Daily mean i Oct/94 Dec/97 274945 811228

L. Jackson FFrg52 Daily mean | Apr/97 Oct/97 275441 810901

Data Summary

For each site, the daily stage records were averaged across all available stations in this site.
Stage data are linearly interpolated when no records are found on a particular day. Figures 11
through 16 show time series and associated statistics for the average stage at Lake Rosalie, Lake
Jackson, Lake Tiger, Lake Kissimmee, 5-65 Headwater, and §-65 Tailwater. In general, the
average stage exhibits relatively small variations over time. The seasonal variations are within 2-3
feet with lows occurring in wet season and highs occurring in dry season. Tt is also observed that the
monthly median and mean are almost the same.

Lake Rosalie’s average stage is primarily between elevations 52 and 54 ft with an

approximate average of 53 ft. The stage of this lake is the highest among the lakes in LKB. Lake
Jackson average stage is mainly between elevations 50 and 54 with approximated average of 52 ft.

17



The average stage in this lake is the second highest in the LKB. Lake Tiger's average stage is
primarily between clevations 50 and 52 fr., with an approximate average of 51 fr. Lake Kissimmee's
average stage is primarily berween elevations 49 und 52 fi with an approximate arcal average of 50.5
fi. The head water average stage is mainly between elevations 48 and 53 with an approximate areal
average of 50.5 ft. Compared to the stage of the carhier three lakes, lLake Kissimmee and 565
headwater stages exhibit larger scasonal variations. The tailwater average stage at 565 has almost no
varlation with an average stage of 16.3 [t
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Figure 1. Locations of stations containing stage records within the LKB.

EVAPORATION

This scction estitnates and presents the potential evaporation in the LK using available pan
cvaporation data. These data ure associated with a high degree of uncertainty and with a certain
de ree of bias ay dep strated by comparisons of pan evaporation data from all sources and other
available information. The significant variation among the different pan evaporation stations could
he due o site location, site management, and other external factors. The available pan evaporation
data are first presented, tollowed by a discussion of data gstimation procedures and o datid summary.

Available Nata

The closest evaporation data set (o the 1LKB arca with a significant period of record {1965 to
19971 is the Lake Alfred station. The location of this station is 81 43 00 and 28 06 (0 longitude and
laritude respectively, More details about this station and other stations, within or close to UKRW,
are presented in Table 4. Fipure 17 shows the spatial locations of these stations,
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Figure 13b. Monthly statistics for average stage at Lake Tiger.
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Data Estimation and Summary

Lake Alfred pan evaporation data maintain the expected seasonal variation for the entire
period of record, However, Lake Alfred average annual pan evaporation data were found to be too
high compared to the estimates obtained by Wylen and Zorn (1998) for annual lake evaporation (47
inches) within the study area. Jones et. al. (1984) reported an estimated annual potentiai
evapotranspiration of 47 inches for a nearby location (Lakeland, Latitude 28 01 (0). Visher and
Hughes (1975) estimated maximum potential evaporation for the general area as 48 inches.

The estimation of the annual maximum potential evaporation from Lake Alfred pan
evaporation data was performed in two steps: .

1) Estimating the missing daily records using linear interpolation, and limiting the maximum

daily records to the estimated maximum for this area (0.35 inches).

2) Reducing the annual pan evaporation data by a factor (K) of 0.67. This factor maintains

an annual potential evaporation of 47 inches.

The estimated annual potential evaporation at Lake Alfred is presenied in Figure 18. Figure
19 shows the associated monthly statistics,

Table 4, Information about stations with pan evaporation records within, or close to, the LKB.

Station Dbkey Method Starting date | Ending date | Latitude Longimde
3-65 06336 Daily sum Oct/83 Oct/97 274813 811154
Alfred 06355 Daily sum May/65 Jul97 280600 814300
Kissimmee | 6378 Daily sum Feb/67 Dec./93 281725 812655
285000
282000
3
279000 =
3
276000
273000
o o = =1
2 8 g 8 8§ B B 8§ 8§
[ o o od — — [}
@ b & & = ) o @ ®
Longitude

Figure 17. Locations of pan evaporation stations within or close to the LKB,
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SUMMARY

Data summaries and preferred key development for the hydrologic data pertaining to the
LKB, were presented. The hydrologic components of interest are Flow, Rainfall, Stage, and
Evaporation. Statistical approaches coupled with previous experience and hydrologic concepts were
effective tools in this study. Missing and "unrealistic” flow data were estimated using auto-
correlation analysis, previous hydrologic concepts, and data visualization. Monthly rainfall data were
summarized in tables for the entire periods of record at all stations. Rainfall annual averages and
monthly statistics were presented. Average stages for all lakes within LKB and downstream from
Lake Kissimmee were presented and summarized into monthly statistics. Pan evaporation data were
used to estimate potential evaporation. A correction factor based on previous studies was
incorporated in the estimation. Tn general, the results of this study were consistent with the
expected seasonal variations and with the Lake Kissimmee regulation schedule. Due to the
unavailability of much of the inflow data component, a water budget computation was not possible.

REFERENCES

Fan, A. 1986. A Routing Model for the Upper Kissimmee Chain of Lakes. Technical Publication,
South Florida Water Management District, West Palm Beach, Florida.

Fan, A., and S. Lin. 1984, Water budget for Upper Kissimmee Chain of Lakes. Technical
Publication, South Florida Water management District, West Palm Beach, Florida.

Jones, J. W., L. H. Allen, S. E. Shih, J. 8. Rogers, L. C. Hammond, A. G. Smajstrala, and J. D.
Martsolf. 1984. Estimated and Measured Evaporation for Florida Climate, Crops, and Soils.
Technical Bulletin 840, Agricultural Experiment Station, IFAS, University of Florida.

Guardo, M. 1992, An Atlas of the Upper Kissimmee Surface Water Management Basins. Technical
Memorandum, Water Resources Engineering Division, Department of Research and Evaluation,
South Florida Water Management District, West Palm Beach, Florida,

Visher, F. N., and G. H. Hughes. 1975. The difference between rainfall and potential evaporation in
Florida: Florida Bureau of Geology, Map Series 32, Tallahassee, Florida.

Wylen, P.R. and M.R, Zorn. Prediction of Mean Annual Flows in North and Central Florida.
Journal of the American Water Resources Association. Vol, 34, No, 1.pp. 149-157.

27



APPENDIX A

28



- - -
o i) e

L]

Rainfal, nches
o0

Feb-60
Feb-62
Feb-64
Feb-66
Feb-68
Feb-70
Feb-T12
Feb-74
Feb-76
Feb-T8
Feb-80
Feb-32
Feb-B4
Feb-26
Feb-88
Feb-90
Feb-92
Feb-94
Feb-96

Figure Al, Historical daily rainfall data at station MRF24 (few records are
cumulative values of more than one day).

5
4.5
4
35
-ga
- 25
[1]
E 2
&1.5
1
0.5
0
%ﬁgg‘éﬁ?ﬁﬁﬁ%%;&%%?gg
A ;
S SRS EES SRR EE R8RS

Figure A2, Historical daily rainfall data at station MRF25 (few records are
cumulative values of more than one day).
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Figure A5, Historical daily rainfall data at station MRF5(0) (few records
are curnulative values of more than one day).
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Figure A6. Historical daily rainfall data at station MRF61 (few records
are cumulative values of more than one day).
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Table B1_1.

Monthly and Annual Sums for Station MRF24, dbkey 3912

vear Jan. feb. Mar.  Apr. May June Jul  Aug.  Sep Oct. Nov. Dec. SUM
66 - - - - e -- . — 0 125 125 ~
g7 204 - ---- - - s e 0.82 D19 293 598 °
68 045 177 072 D.34 439 115 24 417 492 233 238 0 35.37
69 345 155 85 042 2.83 611 108 - 1175 -~ 351 485 5687°
70 268 413 683 158 284 2384 728 452 267 166 120 1.2 40.22
71 028 65 2.78 071 449 10.03 99 431 331 942 165 166 5504
72 147 440 203 107 3688 71 958 25 0 081 219 221 3705
73 446 242 421 453 452 - —-- - e - - 18947
4 - 1.07 023 105 326 969 58 34 10,28 011 0.24 174 3688~
75 041 27 1 341 125 517 782 786 787 558 078 033 55.03
76 015 ({.68 098 158 1037 1136 742 92 44 (068 2988 224 5698
77 212 122 001 0O 1128 1152 503 538 181 54 374 47561°
78 205 333 225 103 531 1145 1256 502 3.02 085 044 311 5022
784 568 1.34  3.03 364 668 57 326 045 1655 016 292 139 50.83
B0 609 25 2.22 58 584 287 473 067 202 115 484 073 4534
81 067 326 081 0 488 634 474 778 414 113 118 151 2644
g2 119 088 612 585 400 115 863 311 784 213 039 1.25 5298
83 218 553 337 503 076 104 1064 433 468 438 32 7 58.7
84 08 272 144 301 342 625 4.05 635 464 056 278 028 37
g5 038 071 226 186 136 558 B8.63 356 366 16 226 096 323
BE 236 215 323 0.33 017 7.96 1084 751 475 229 049 48 4/.04
87 149 1.15 8.56 022 157 779 406 69 612 7.85 622 014 5207
a8 23 169 579 120 078 151 866 778 486 07 383 091 4011
80 465 006 309 323 388 777 41 299 517 086 195 371 4158
90 1.01 427 048 117 037 544 634 705 236 374 076 161 346
| 216 079 494 434 377 165 943 626 358 3.34 01 043 40.84
92 142 1.88  0.55 71 D55 1262 387 1148 317 469 371 046 53.5
93 73 236 333 484 234 641 449 427 448 205 085 (.64 4336
94 361 263 173 668 285 1005 344 401 731 329 477 347 »474
9 204 248 1.78 241 180 892 906 960 609 595 186 033 5235
96 414 0.64 £.49 424 536 9407 307 1179 - 347 091 35 52687
a7  1.53 0.8 2.64 £E37 4978 476 118 479 242 095 - - 3834

* Partial: Annual sun based on cumulaive rainfall in less than 12 months

Table B1 2. Statistics of the Monthly Sums for Station MRI24, dhkey 5912

#rs month Mean Stdv Min Med Max
01 2242 3712 . - 2035 73

30 2 p074 2309 0068 2119 63

3 3080 5531 0.25 226 B.56
30 4 2537 4358 0 158 741

an 5 3684 74515 0 328 125
20 6 7708 9743 151 777 1262
29 7 721 96865 24 728 1256
29 8 5683 8934 - 479 11.79
28 9 5446 11609 0 468 1655
29 10 25484 5433 011 1.689 942
0 11 2136 2543 0 186 £.22
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1.949 2873 0

138 7

Table B2_1. Monthly and Annual Sums for Station MRFZ5, dbkey

year Jan. Feb. Mar. Apr. May June Jul. Aug. Sep. Oct. Nov. Dec. SUM
65 .- - 1687 152 058 627 1245 €64 817 46t 06 28 45.07"
66 627 636 193 114 812 676 1195 73 34 279 032 08 5714
67 13 2€2 132 — — - -— 643 601 088 01 198 2094°
68 054 155 167 09 53 1535 812 283 788 64 24 0 52.94
89 1.78 121 747 - - we - - 417 1085 -~ - 2548°
70 23 19 88 0 33 06 52 67 0 4 0 12 29

71 04 566 06 155 208 295 - - s e eee e 13240
72 - 01 - 1328 -— - o e e eme e 13,380
* Partial: Annual sum based on curnulative rainfall in less than 12 months

Table B2_2. Statistics of the Monthly Sums for Station MRF25, dbkey 5921

#yrs month Mean Stdv  Min Med Max

6 1 2098 4698 04 13 6.27

6 2 3267 4892 121 19 636

8 3 232 5514 01 1.67 747

5 4 1.022 0.4 0] 0.8 155

& 5 5443 21.631 058 3.3 13.28

5 & 6386 31448 06 295 1535

4 7 9.43 11683 52 812 1245

5 8 5932 3138 283 64 7.3

& 9 4938 9518 0 417 817

) 10 4922 11831 088 4 10.85

5 Ll 0.684 0973 0 01 24

5 12 1356 1162 0 0.8 28

Tuable B3_1. Monthly and Annual Sums for Station MRF27, dbkey "

year Jan. Feb. Mar. Apr. May Junse Jul. Aug. Sep. Oct. Nov. Dec. SUM
65 - - 121 205 128 814 1211 495 597 481 091 246 4389°
66 556 582 169 149 458 6529 687 486 467 314 0.08 089 4494
67 133 27 022 0 038 661 7 726 665 046 013 1.89 34.62
68 06 203 131 033 9146 1464 53 298 571 745 239 02 521
9 185 134 781 189 182 6482 832 687 964 1017 317 366 63.33
M 234 22 541 0.79 358 56 879 379 248 605 034 1 42.37
Fd 0 477 115 038 107 834 824 541 231 579 041 135 3926
72 299 421 279 247 552 802 274 446 066 137 558 316 43.97
73 523 158 258 7.26 522 442 798 644 705 386 008 169 53.39
74 04 186 0.08 34 817 1398 2028 1097 6.84 047 032 4.60 71.46
75 1.08 271 21 238 1018 565 9 - 331 ¢
76 057 033 094 14 567 1165 508 1322 713 27 13 299 5298
77 278 148 142 0.82 1018 565 9 == —— -=-r - - 333
78 e ee e e BT74 1341 1014 789 6598 4.9 remr 336 65342 ¢
79 545 147 152 226 1057 333 2.5 683 1952 052 121 133 56.51

(]
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80 275 529 26 324 502 1032 654 1041 388 159 7906 - 56 ¢
81 049 351 147 03 261 626 666 1013 112 116 158 029 45 .66
82 215 323 543 747 706 868 B05 26 797 46 005 149 60.68
83 447 808 477 236 196 052 374 374 479 451 19 415 53.99
84 077 252 215 235 636 451 883 564 291 1.1 399 056 4174
85 069 0.650 145 182 345 721 672 589 416 126 3 1.69 3813
86 246 152 515 03 097 893 655 59 557 159 146 232 42,74
87 28 192 834 026 138 74t 572 181 874 67 1039 012 55.59
88 216 296 631 044 185 536 1309 888 476 107 292 182 51.62
a3 330 06 447 208 468 728 506 346 781 166 204 339 4592
o) 038 514 038 1.13 118 731 955 9 475 266 088 072 43.08
91 263 1.23 568 416 661 471 715 724 425 826 027 082 53.01
Q2 022 28 135 405 206 1287 3858 12 oas 201 075 053 5007
093 415 244 417 3239 297 072 317 801 586 4 117 071 4086
o4 144 305 148 3.17 154 1334 1168 454 - 475 446 2863 5208”7
95 171 361 447 397 218 893 423 96 541 557 288 026 5282
06 467 067 529 097 747 793 159 567 346 438 037 282 4529
87 208 112 348 501 585 505 1149 923 599 0O - — 488 °
* Prrlinl: Annual sum based on comulative rainfall in less than 12 monthey

Table B3_2. Statistics of the Monthly Sums for Station MRE27, dbkey

#yrs month Mean Stdv Min Med Max

3 1 2245 267 0 208 556

31 2 2674 3077 033 22 808

32 3 3115 5187 008 215 834

32 4 2297 355 0 205 7.47

33 5 4512 9.043 038 358 1057

33 G 7818 10692 072 728 1464

33 7 763 13147 159 7 20.28

H 8 6.758 8.215 181 592 1322

a0 9 6.002 11.743 0.66 557 1952

31 10 3502 6609 0 27 1047

29 11 2169 586 0.08 1.21 1039

29 12 1.829 1658 .12 149 469

Table B4_1, Monthly and Annual Sums for Station MRF2¥, dbkey

year Jan. Feb. Mar. Apr. May June Jul Aug.  Scp. Oct  Nov. Doc. SUM
68 - PO — D264 015 279
g2 232 155 -- 184 16 699 996 1026 1521 791 428 473 6665 °
70 305 187 535 041 547 274 825 £18 427 344 042 096 4251
71 g21 531 1729 108 096 929 1025 404 297 3597 067 116 432
72 241 038 261 - - 495 1218 395 6£2 1,10 482 333 244 4346 °
73 469 193 387 --- 486 438 712 608 553 4.07 005 1.7 4408 °
74 022 181 0.06 078 253 891 1283 ---- 2g2 014 028 211 3259 7
75 045 123 128 081 361 642 517 - -—-- S -—— 042 1939 "
76 059 213 04 097 704 766 587 700 934 148 255 207 47 .19
77 19 215 (075 013 222 49 037 584 919 123 55 - 4328 *
78 - - -- 0.08 515 10.51 1817 009 4.04 398 052 353 47.07 °

6



79 778 128 182 331 95 424 7 663 924 899 092 15 e221
80 263 048 116 58 531 798 11.74 701 495 073 958 202 5938
a1 045 38 111 0.05 381 417 476 3.6 1.25 078 0.29 0.18 24.25
82 094 164 659 705 1009 531 679 624 763 389 513 23 €36
B3 4936 1088 561 259 216 13.24 695 404 927 448 251 402 70.11
84 134 27 272 119 1049 388 703 €18 562 086 553 037 4791
B85 054 072 267 1.74 289 1082 583 6.13 4.2 284 1.7 185 4213
B6 1.21 149 42 025 087 817 632 706 229 189 108 348 381
87 16 146 7.03 074 112 481 649 449 6.09 729 857 026 4995
88 204 231 502 022 321 436 9.7 7.1 386 159 326 1.5 4417
82 27 020 3.13 285 511 422 189 &5 7.78 Q.76 233 337 39.92
90 097 508 15 093 102 75 678 1116 484 452 085 067 4586
M 25 133 532 305 708 1048 - 707 515 512 01 028 4748 °*
92 027 261 123 469 161 923 393 1661 329 223 118 06 4749
83 494 221 483 —— 112 - 4.5 3.69 029 072 223 *
94 149 235 222 427 199 1112 943 79 835 249 389 322 5872
g5 172 204 381 354 227 687 B02 B64 334 456 182 052 4715
96 417 059 464 13 38 721 472 646 308 337 031 218 41.84
g7 203 079 245 418 359 245 103 2893 562 151 853 - 4438 °
* Partial: Annual surn based on cumulative rainfall in less than 12 months

Table B4_2. Statistics of the Monthly Sums for Station MRF28, dbkey 5946

#yrs month Mean Stav . Min Med Max

28 1 2133 3114 021 1.72 7.78

28 2 2200 4350 020 1.81 1088

27 3 3062 3887 0.08 281 7.03

26 4 2069 3678 0.058 119 7.05

28 5 4109 7.575 0.87 3.581 10.49

29 & 694 9719 112 6.87 1324

28 7 7.427 12899 685 18.17

26 8 65,562 9.08 0.09 6.2 16.61

28 9 5539 9418 119 4838 1521

28 10 3344 516 014 337 8099

29 11 2604 70382 005 1.7 9.58

28 12 1.729 1685 0.15 1.5 4,73

Table B5_1. Monthly and Annual Sums for Station MRF5(), dbkey

year Jan. Feb. Mar. Apr. May June Jul. Aug. Sep. Oct. Nov. Dec. SUM
69 —— e e amer | eeem amen . e e {) é 47 107 "
70 41 23 7.8 08 72 B2 s s sem s eee e 253 *
71 e e e e 22 e e 32 e 76 13 17 16 *
72 38 - - 34 75 148 59 95 25 57 64 41 8372*
73 7 28 56 91 54 84 103 124 99 & 0.2 38 809
74 02 34 04 29 47 153 161 6 58 06 05 182 g§7.72
75 075 21 29 42 122 8.1 - 126 163 71 02 02 6665°
7% 0 27 e e e - 7B 95 9 18 361 36 3801"
77 36 412 152 0 424 39 108 13 745 2 45 29 4633
78 35 48 52 06 59 72 -— -— 76 39 05 - 3925°*

37



70 1046 17 44 34 148 - - - 126 11 1 2 5106~
P % 2

+ Partial: Annual s based on cumulative rainfall in less than 12 months

Table 135_2. Statistics of the Monthly Sums for Station MRF3(), dbkey 6112
#yrs month Mean Stdv Min Med Max

11 1 3.282 10.556 ---- 35 10.16
10 2 2238 3377 - 23 48
16 3 2531 9347 .- 152 76
1 4 2206 9069 - 09 G1
10 & 6337 20429 -- 54 148
10 6 587 36.256 ---- 35 153
10 7 4705 39.909 - ----- 16.1
10 8 5219 30039 --- 32 126
10 9 6951 30236 - -- 745 163
11 10 3185 BY972 .- 18 78
11 1 2131 6416 --—-- 05 64
11 12 2116 3.687 ---- 1.82 47

Table B6_1. Monthly and Annual Sums for Station MRF61, dbkey 6200

year Jan. Feb. Mar. Apr. May June Jul. Aug.  Sep.  Oct Nov. Dec. SUM

60 - 239 508 424 426 0 Q 0 0 0 0 0 15977
61 158 167 24 - 2 I T -
62 - 142 1185 689 88 55 11 368 102 40127

62 179 633 132 032 1361 534 357 548 372 085 512 261 5012
B4 365 450 270 207 431 384 763 1468 653 078 084 055 5236
5 1.02 499 2336 3.18 456 1074 981 1099 7.72 724 142 234 67.37
66 58 813 149 1.83 3472 038 577 482 639 1.71 012 125 50.41
67 072 381 007 0 0.15 576 1214 1328 538 129 0.16 272 4548
68 046 187 118 034 4 1472 647 277 863 53 222 057 4853
63 249 126 671 264 246 502 7095 1227 1025 984 344 4 68.33
70 254 13 522 (26 456 31 766 G546 3.3 3.07 039 1.11 3797
71 017 602 155 103 21 807 819 519 179 483 049 096 4129
70 176 485 308 236 403 1122 312 756 064 274 431 316 4863
73 582 163 454 728 546 453 1142 85 7.25 234 1.56 236 6375
74 1 213 024 158 57 12 1264 109 42 03 038 236 5344
75 094 456 137 07 772 8338 1189 1058 1133 64 034 068 6490
76 068 0.78 364 134 646 9.66 956 1016 98 172 338 296 60.14
77 208 182 083 029 364 278 919 5 682 23 435 626 4556
76 298 332 354 03 5538 762 1345 155 235 258 048 358 4773
73 672 088 2 27 914 647 7.63 464 1631 025 1.09 1.52 3935
80 288 432 182 386 618 67 738 754 355 061 547 135 5176
81 046 316 087 - - - - e e e 448

*Partinl; Annual sumn hased on cumubative rainfall in Tess than 12 mounths
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Table B6_2. Statistics of the Monthly Sums for Station MRF61, dbkey 6200

#yrs momth Mean Stdv  Min Med Max
21 1 2127 3919 -—- 158 6.72
22 2 3134 4617 ----- 2.39 B8.13
22 3 2404 3625 .- 1.82 6.7
21 4 1.666 3.676 - 1.03 7.28
25 4812 8477 0.15 426 13.61
21 6 7.304 13174 0 647 1472
21 7 7.7 14.746 ----- 7.63 13.45
21 8 7.165 18.456 - 545 14.68
21 9 5747 17118 - 538 16.31
21 10 2,504 7292 - 1.71 8.84
21 1 1832 3637 - 084 547
21 12 1933 2485 - 135 6.26

Table B7_1. Monthly and Annual Sums for Station 865_R, dbkey

year Jan. Feb. Mar. Apr. May June Jul.  Aug.  Sep. Oct Nov. Dec. SUM

a1 243 151 665 3.17 866 531 718 654 425 736 027 082 5415

92 —w e e e - 1288 — 1200 —eee eeee -- 0.53 2542 °
83 415 244 417 339 297 072 317 801 596 4 116 0.68 4082

84 144 3.05 152 3.17 1.54 1289 1168 454 824 467 441 263 5878

895 1.67 361 449 397 212 965 427 96 541 557 281 026 5343

96 475 067 529 0897 747 793 149 567 346 438 037 2.82 4527

97 208 1.09 349 501 535 522 1193 923 599 181 215 --- 5335"
* Partial; Annual sum based on cumulative rainfall in less than 12 months

Table B7_2, Statistics of the Monthly Sums for Station 5635_R, dbkey

#yrs month Mean Stav  Min Med Max

g 1 2753 1879 144 208 475

6 2 2.062 1.34 0.67 1.51 3.61

6 3 4.268 2987 1.52 4.17 8.65

6 4 3.28 1768 0.97 3.17 5.01

6 5 4685 B682 154 297 866

7 6 7.8 19689 0.72 531 1289

3] 7 662 19.571 1.48 4.27 11.83

7 8 7943 661 454 654 1201

6 g 5.6b2 2735 346 541 824

6 10 4632 335 181 438 7.36

& 11 1.862 2.545 027 116 4.41

5] 12 1.20 1274 0.26 0.68 282

Table B8_1. Monthly and Annual Sums for Station KISS_SP_G, dbkey

year Jan. Faeb. Mar. Apr. May June Jul Aug. Sep Oct. Nov. Dec. SUM

81 217 168 653 336 615 384 981 703 28 403 012 0.7 4822

92 ceme cen e e s {374 ces 1334 e e we 0.6 27687
93 792 145 476 45 247 443 409 5656 498 375 05 152 4602
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94
95
96
a7

35 28; 29 58 195
194 1.2 315 35 24
485 05
238 11

10.41 518 563 676 3.71

109 801 7.8
742 055 13.29 758 326 1066 575 4.13
295 423 375 665 838 618 352 1.9/

6.33 837

451
1.85
0.8

1.34

3.35
0.9
2.98

56 55
54.35
61.57
4245 "

* Partinl: Annual sum hased on comulative tainfadl in less than 12 months

Tuble BE 2. Statistics of the Monthly Sums for Station KISS_5F G, dbkey 16390

#yrs month Mean Stdv  Min Med Max
6 1 376 5182 194 238 792
6 2 1.463 0.62 ps 1.2 285
6 3 4619 38386 29 315 7.42
6 4 3656 3.08 055 35 58

5] D 5002 18814 105 247 1329
7 6 8221 13.145 384 665 1374
<] 7 6.455 6961 3.26 518 981
7 2 8041 8502 5863 618 13.34
6 9 E023 2491 28 498 678
6 10 3993 198 197 375 637
6 11 182 252 012 08 451
6 12 1675 1448 06 (09 335
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