Supplemental Material:

Documentation of Data Analysis Steps and Model Development

Following provides details of data analysis steps, SAS code and model
development discussed in main body of text.
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Water Level and Hydroperiod Data

The summary water level and hydroperiod data are in text Table 2.

Observed hydrologic station data

The observed water level data can be found in Supplemental Table 1. Raw Everglades National Park
(ENP) data were downloaded from South Florida Water Management District -
https://www.sfwmd.gov/science-data/dbhydro. Raw observed data are in stage feet relative to

NGVD29.

Steps:
1)

2)

3)

4)

5)

Trim data to appropriate time-frame (P33 (1/1/1965 to 12/31/2000; NP206 1/1/1975 to
12/31/2000; EVER4 1/1/1994 to 12/31/2000)

These data are in NGVD29 FT so subtract elevation (P33 = 4.87 ft; NP206 = 5.99 ft; EVER4 = 1.81
feet)

Then delete any values of 0 or less. (Value of < 0 means there is no above-ground water for
those days.)

Calculate counts (humber of days water above ground), mean, median. Compare count and
mean from Excel files and SAS output to verify.

In Excel, calculate average hydroperiod (Supplemental Table 3) by taking only the above ground
water days, sorting by date, counting the number of days in each calendar year water is above
ground. Average for span of time to get average hydroperiod.
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Observed SAS Runs

P33 Observed SAS Code: Converts data to cm, subtracts elevation, restricts dates, and removes any <0
water level values.

r il T——

| P23 obs 4-4-18 - Notepad
e

File Edit Format View Help

[Fthis is obserwved;

*this converts observed stage to depth above ground in cm;
*s5ince this 15 observed- use ground elevation to get depth;
#*pP33 grnd elev = 4,87,

data P33_cm_depth; set mysaslib.Fullstagedata_updated_29;
P33_cm_depth = (P33_29 - 4.87) *30.48;

where date »= '01janl965'd and date =='31dec2000'd;

keep date P33_cm_depth;

run;

data P33_cm_abvgrnd; set P33_cm_depth;
P33_cm_abvgrnd = P33_cm_depth;

where P33_cm_depth = 0.0;

keep date P33_cm_abvgrnd;

run;

proc means data = P33 cm_abvgrnd n mean max min range stderr P10 P25 P75 P90;
where date >="01janl965'd date <="31dec2000'd;

where P33_cm_abvgrnd NE .;

run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

| P32 obs out 4-4-18 - Motepad
— e

File Edit Format View Help

| The s5A5 System 11:08 wednesday, april 4, 2018 5
The MEANS Procedure
variable N Mearn Maximum M1 mum Range std Error
ffffffffffffffffffffffffffffffff]’fffffffffffffffffffffffffffffffffffffffffffffff?ffffffffffffffff
P33 cm_a.bv rnd 12236 38. 1268033 a7. 8408000 3048000 9" 5360000 U 1556??
FFfffffsfss ffffffffffﬁffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffﬁff
variable 10th Pctl 25th Pctl 75th Pctl 90th Pctl
S R i i i fffrrifffffiffsfiffssss
date 3203.00 5122.50 11714, 50 13717.00
P33_cm_abvgrnd 16. 7640000 25.2984000 49, 6824000 62.1792000
S T i fffrrfffffiffssfisssss
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NP206 Observed SAS Code: Converts data to cm, subtracts elevation, restricts dates, and removes any <
0 water level values.

r

| NP206 obs 4-4-18 - Notepad

File Edit Format View Help

#this 15 observed;

*this converts observed stage to depth above ground in cm;
*since this is observed- use ground elevation to get depth;
#*NP206 grnd elev = 5.99;

data NP206_cm_depth; set mysaslib.Fullstagedata_ updated_29;
NP206_cm_depth = (NP206_29 - 5.99) *#30.48;

where date == "01janl975'd and date =<='31dec2000'd;

keep date NP20G6_cm_depth;

run;

data NP206_cm_abvgrnd; set NP206_cm_depth;
NP206_cm_abvgrnd = NP206_cm_depth;

where NPZ0G_cm_depth > 0.0;

keep date NP206_cm_abvgrnd;

rurn;

proc means data = NPEDE_cm_abvgr"ﬂd n mean max min range stderr P10 P25 P75 P90;
where date >="01jan1975'd and date =="31dec2000'd and NP206_cm_abvgrnd NE .;
run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

La

| NP206 obs out 4-4-18 - Notepad
e —

File Edit Format View Help

| The sSAS System 11:08 wednesday, april 4, 2018 3
The MEANS Procedure

variable Maximum imum std Error

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ffffffffffffffff

NPZUG cm_abvgr

ffffffffffff?fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

szae _cm_abvgr C

FEFFFFFFfsfss HHffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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EVER4 Observed SAS Code: Converts data to cm, subtracts elevation, restricts dates, and removes any <
0 water level values.

-

| EVER4 obs 4-4-18 - Notepad
i e

File Edit Format View Help

#this is obserwved;

*this converts observed stage to depth above ground in cm;
*s5ince this is observed- use ground elevation to get depth;
*EVER4 grnd elev = 1.81;

data EVER4_cm_depth; set mysaslib.Fullstagedata_ updated_29;
EVER4_cm_depth = (EVER4_29 - 1.81) *30.48;

where date >= '01janl994'd and date <="31dec2000'd;

keep date EVER4_cm_depth;

rumn;

data EVER4_cm_abvgrnd; set EVER4_cm_depth;
EVER4_cm_abvgrnd = EVER4_cm_depth;

where EVER4_cm_depth > 0.0;

keep date EVER4_cm_abvgrnd;

run;

proc means data = EVER4_cm_abvgrnd n mean max min range stderr P10 P25 P75 P30;
rur;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

| EVER4 obs out 4-4-18 - Notepad
— e

File Edit Format View Help

| The SAS System 11:08 wednesday, April 4, 2018 1
The MEANS Procedure

variable Maximum M1 i mum 5td Error

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff?ffffffffffffffff

EVER4 _cm_abvgr

FEFFFfFFrssss fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

variable 10th pctl 25th pctl 75th pctl 90th pPctl

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

EVER4 _cm_abw

FIFFfffssfss fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffﬁfffﬁ
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NSM 4.6.2 data

The NSM 4.6.2 water level data can be found in Supplemental Table 1.

Steps:

Trim data to appropriate time-frame (P33 (1/1/1965 to 12/31/2000; NP206 1/1/1975 to
12/31/2000; EVER4 1/1/1994 to 12/31/2000)

Raw NSM data are water depth in feet so data are converted to cm

Delete any values < 0 (retains above-ground water levels only)

Summary stats are calculated on above-ground water levels. Compare count and mean from
Excel files and SAS output to verify.

In Excel, calculate average hydroperiod (Supplemental Table 3) by taking only the above ground
water days, sorting by date, counting the number of days in each calendar year water is above
ground. Average for span of time to get average hydroperiod.

Supplement page 6



NSM 4.6.2 SAS Runs

P33 NSM SAS Code: Converts raw NSM to cm, restricts dates, and removes any < 0 water level values.

1| P33 NSM water level 2-7-2019 - Notepad

File Edit Format View Help

[Fthis 15 raw NSM;
*nsm_4_6_2 is feet of depth so output is feet of depth;

“converts to cm of depth and keeps above ground values;
data P33raw cm; set mysaslib.nsm_4_6_2;

P33raw_cm = ((P33 nsm)*30.48);

where date >="01janl965'd and date <="31dec2000'd;

keep date P33raw_cm;

run;

data P33_raw_cm_abvgrnd; set P33raw_cm;
P33raw_cm_abvgrnd= P33raw_cm;

where P33raw_cm > 0.0;

keep date P33raw_cm_abvgrnd;

run;

proc means data = P33_raw_cm_abvgrnd n mean max min range stderr P10 P25 P75 P90:
run;

*proc_export data=P33raw_cm_abvgrnd_merge
outfile="C:\Users'User‘Documents®,

A A1l Current Projects’ 2016 USGS Manuscripth
new water level hydroperiod flow\Water Tevel®
P33raw_cm_abvgrnd_merge 3-19-18.csv’

dbms=dTm

replace;

delimiter = °

run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

M:l P33 NSM water level out 2-7-2019 - Notepad - .
-~

File Edit Format VWiew Help
| The SAS system 10:55 Monday, February 11, 2019 5

The MEANS Procedure

5td Error

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ffffffﬁffffj;{{

P33raw cm_abvgr

FFFFFfsfsssss ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
ffffffffffffffffffffffffffffffffffffffffffffffffffffffj‘ffffffffffffffffffffffff
date 3100. 0D 5125. 00 11792, 00 13702.00

P33raw_cm_abvgrnd 19. 5072000 33.2232000 54.2544000 60. 3504000

S A ffffffffffffsssssss
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NP206 NSM SAS Code: Restricts dates, removes any < 0 water level values, and converts raw NSM to
cm.

| NP206 NSM water

File Edit Format View Help

#this is NSM;

*nsm_4_6_2 is feet of depth so output is feet of depth;
data NP206_nsm_fr; set mysaslib.nsm_4_6_2;

keep date NP206_nsm;

run;

*conjerts to cm of depth and keeps above ground walues;
data NP206_nsm_cm; set Np206_nsm_ft;

NPZOG_nsm_cm = ((NPZ206_nsm)*30.48);

where NP206_nsm > 0.0;

keep date NP206_nsm_cm;

run;

proc means data = NP206_nsm_cm n mean max min range stderr P10 P25 P75 P90;
where date >="01janl975'd and date =<="31dec2000’d;
rur;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

- e
"] NP206 NSM water level out 4-3-18 - Notepad

File Edit Format View Help

The SAS System 17:25 Tuesday, April 3, 2018 13

The MEANS Procedure

variable N Mean Maximum M1 nimum Range std Error
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff?ffffffffffffffff
date 8100 10348, 58 14975.00 3479,.00 9496.00 31.5307518
NP206_nsm_cm 8100 22.3082744 54. 8640000 0. 3048000 54, 5592000 0.1041719
S S S i f i frfffffsfsffsssss
variable 10th Pctl 25th Pctl 75th pPctl 90th Pctl
S S ff ffFf i S A s FAfFsfsssfsffsafsas
date 6519, 50 7734,50 12950, 50 14165, 50

NP206_nsm_cm 9.1440000 16.1544000 28. 9560000 33. 8328000
S S ffffffrffffrfrffrafaes
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EVER4 NSM SAS Code: Restricts dates, removes any < 0 water level values, and converts raw NSM to
cm.

[ o —
| EVER4 NSM water level
File Edit Format WYiew Help

Hata EVER4_NSM_raw_cm; set mysaslib.nsm_4_6_2;

EVERA_NEM_raw_cm = Everd_nsm=30.48;

where EVER4_nsm > 0.0 and date >="01janl1994'd and date =="31decz000’d;
keep date Everd_nsm_raw_cm;

rurn;

proc means data = EVER4_NSM_raw_cm n mean max min range stderr P10 P23 P75 POO;
rur;

*proc export data=EVER4paleo_cm_abvgrnd_merge
outfile="C:Users'User'Documents'A All Current Projects’
2016 usGs Manuscripthasa L and O 11-18-17 new starth,

rev EVER4 paleo cm abv grnd 3-21-18.csv’

dbms=dTm

replace;

delimiter = ", ;

run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

-

ﬁ EVER4 N5M water level out 4-3-18 - Notepad

File Edit Format View Help
| The SAS System 10:47 Thursday, april 5, 2018 3

The MEANS Procedure

std Er

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ffffffffffffffff

EVER4 NSM_raw_cm 1903 14 0441845 42 3572000 3048000 42. 0524000 0 1756228
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

variable 0th pctl 25th pctl 75th Pctl a0th pctl

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

EVER4 _NSM_Ir aw,

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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NSM 4.6.2 bias-adjusted data
The NSM 4.6.2 bias-adjusted water level data can be found in Supplemental Table 1.

Bias adjustments are values were calculated previouslyl. Model bias is the difference between the
model output and the measured value of the parameter being estimated (water level in this case). For
these runs, bias was removed by making a temporally-constant adjustment to the NSM data as follows:

Station Adjustment in ft Adjustment in cm
P33 +0.01 +0.30
NP206 -0.13 -3.96
EVER4 -0.03 -0.91

Steps:

1) Trim data to appropriate time-frame (P33 (1/1/1965 to 12/31/2000; NP206 1/1/1975 to
12/31/2000; EVER4 1/1/1994 to 12/31/2000)

2) Bias adjustment (in feet) is applied to raw NSM

3) Bias-adjusted raw NSM data are converted to cm

4) Delete any values < 0 (retains above-ground water levels only)

5) Summary stats are calculated on above-ground water levels. Compare count and mean
from Excel files and SAS output to verify.

6) In Excel, calculate average hydroperiod (Supplemental Table 3) by taking only the above
ground water days, sorting by date, counting the number of days in each calendar year
water is above ground. Average for span of time to get average hydroperiod.

1 Bias in NSM predecessor South Florida Water Management Model (SFWMM), discussed in MacVicar et al., 1984
and South Florida Water Management District report in 2005. Bias adjustment calculated by Marshall
(unpublished reports in 2014, 2015, 2016).

MacVicar, T., Van Lent, T., and Castro A. (1984). South Florida Water Management Model Documentation Report.
South Florida Water Management District Technical Publication 84-3.
https://palmm.digital.flvc.org/islandora/object/fiu%3A9791#page/FI05082907 018/mode/2up

South Florida Water Management District. (2005). Documentation for the South Florida Water Management
model Version 5.5. https://www.sfwmd.gov/sites/default/files/documents/sfwmm_final_121605.pdf
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NSM bias-Adjusted SAS Runs

P33 NSM Bias-Adjusted SAS Code: Code applies bias-adjustment of +0.01 ft (+0.30 cm) to raw NSM,
converts to cm, removes any < 0 water level values, and restricts dates.

| | P33 NSM bias-adj water Ie

File Edit Format View Help

*nsm_4_6_2 is feet of depth so output is feet;

*following applies bias adjustment of .01 ft (or .30 cm);
data P33nsm_adjusthias; set mysaslib.nsm_4_6_2;
PI3nsm_adjustbias=P33_nsm +.01;

run;

*following converts to cm and restricts to above ground water Tevel onlyj
data P33nsm_adjusthias_cm_abvgrnd; set P33nsm_adjustbias;
F33nsm_adjustbias_cm = ((P33nsm_adjustb1as)*30.483;

where P33nsm_adjustbias > 0.0;

keep date P33nsm_adjustbias_cm;

run;

proc means data = P33nsm_adjustbias_cm_abvgrnd n mean max min range stderr P10 P25 P75 P90,
where date >="01jan1965°d and date <="31dec2000'd;
run;

“proc_export data=P33paleo_cm_abvgrnd_merge
outfile="C: \Users'User' Documents®,

A ATT Current Projects'2016 USGS Manuscripth,
new water Tlevel hydroperiod flow'water Tlevel’,
P33paleo_cm_abvgrnd_merge 3-19-18.csv’
dbms=dTm

replace;

delimiter = °," ;

run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

™ P32 NSM bias-adj water level

File Edit Format View Help

The sAS system 11:08 wednesday, April 4, 2018 &
The MEANS Procedure
variable N Mean Maximum M1 nimum Range std Error
HHHHHHHHHHJ‘J‘fffffffffffffJ‘fffffffJ‘fffffffffffffffffffffffHHHHHHH?HHHIHHHH
P33nsm_ad usthias_cm

FIFFfFffs fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffHHffffffffffffffffffffffff

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
date 3100. 50 5124 50 11790.50 13701.50

P33nsm_adjusthias_cm  19.8120000 33. 5280000 54.5592000 60. 6552000
Ill S ffffffffffffrsfsfssasfess
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NP206 NSM Bias-Adjusted SAS Code: Code applies bias-adjustment of -0.13 ft (-3.96 cm) to raw NSM,
converts to cm, removes any < 0 water level values, and restricts dates.

| NP206 NSM bias-ad] water level 4-4-18 - Notepac - _ T

File Edit Format View Help

*The text below is bias adjustment;

#output walues (below) values are ft of depth;
data NSM_adjustbias_depth; set mysaslib.nsm_4_6_2;
NP206nsm_adjusthias=NP206_nsm - 0.13;

keep date NPZ206nsm_adjustbias;

run;

*following converts to cm and restricts to above ground water level only;
data NsSM_adjustbias_depth_cm; set NsSM_adjusthias_ aept
NP206_adjustbhias_cm_depth = ((NPEDEnsm_adjustb1as)ﬁBD 4873;

where NP206nsm_adjustbias > 0.0;

keep date NP206_adjusthias_cm_depth;

rumn;

proc means data = NSM_adjustbias_depth_cm n mean max min range stderr P10 P25 P75 POO0;
where date >="01janl975'd and date =="31dec2000'd;
run;

*proc export data=NP206paleo_cm_abvgrnd_merge
outfile="C:\WUsers'\uUserDocuments’,
A A1l Current Projects’2016 USGS Manuscripth,
new water level hydroperiod flow\water lewvel®,
rev 65-2000 NP206 paleo hydroperiod 2-18-18.csv’
dbms dlm

?1ace, )

imiter = ;
run
qu1t;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

|| NP206 NSM bias-adj water level out 4 4-18

File Edit Format Wiew Help
| The SASs System 11:08 wednesday, April 4, 2018 4

The MEANS Procedure

variable M nimum Ran

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff f

NPZDE adjusthias_cm_dept

FIfFFffss fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

90th pctl

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

NP206 _adjusthbias_cm_ 29 8?04000
FIFffFss fffffffffffffffffﬁfffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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EVER4 NSM Bias-Adjusted SAS Code: Code applies bias-adjustment of -0.03 ft (-0.91 cm) to raw NSM,
restricts dates, converts to cm, and removes any < 0 water level values.

r

Mj EVER4 N5M bias-ad) water level 4-3-18 - Notepad

File Edit Format View Help

[FThe text below is bias adjustment;

*putput values (below) values are ft of depth;

data EVER4_N5M_adjustbias; set mysaslib.nsm_4_6_2;
Everdnsm_adjusthias=Everd4_nsm - 0.03;

where date == "01janl994'd and date =="31dec2000'd;
keep date Everdnsm_adjustbias;

rumn;

*following converts to cm and restricts to above ground water lewvel only;
data EVER4_NsM_adjustbhias_cm; set EVER4_NSM_adjusthias;
EVER4_NsSM_adjustbias_cm = Everdnsm_adjusthias*30.48;

where EVER4nsm_adjustbias > 0.0;

keep date Everd_nsm_adjustbhias_cm;

run;

proc means data = EVER4_NSM_adjustbias_cm n mean max min range stderr P10 P25 P75 P90;
rumn;

*proc export data=EVER4paleo_cm_abvgrnd_merge
outfile="C: \Users'User'Documents’A All Current Projects’
2016 USG5 Manuscripthasa L and O 11-18-17 new starth
rev EVER4 paleo cm abv grnd 3-21-18.csv’
dbms dlm

q1ace,

imiter = ' ;

run

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

j EVER4 NSM bias-ad) water level cut 4-3-18 - Notepad

File Edit Format View Help

The SAS System 17:25 Tuesday, april 3, 2018
The MEANS Procedure

Error

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffﬁffffffffﬁff fffffffffffffff

EVER4 NSM_adjusthias_cm 1861 13. 4329831 41. 4528000 3048000 41. 1480000 0 1732389
FFFFffFrfsss ffffffffffffffffffffffffﬁffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Jﬁi:fa?ff?fffffffffffffffffffffffffch’fffffffffffffffjgfffffffffffffffjgffffffffffffffﬁc‘ff

EVER4_NSM_ad}u5tb‘IaS cm 3. 0480000 . 3152000 18. 5928000 22, 8600000

3337533313233 7R0RR0R0Rs AR PERA RRRRiARPERRPARRRIR RR0RPRRPRIRRARIRRARPRPRRARREIRIREIE]
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Paleo-based NSM 4.6.2 data

The NSM 4.6.2 bias-adjusted water level data can be found in Supplemental Table 1.

Derivation of paleo-adjustments to NSM are described in detail in the text but are the paleoecologic-
based estimate of water level at the beginning of the 20™ century minus the median bias-adjusted NSM.

Paleo-adjustments are as follows:

Steps:
1)

2)
3)
4)
5)
6)

7)

Station Paleo-estimated Median bias- Paleo-adjustment
annual water depth adjusted NSM (cm) (cm)
(cm)
P33 67 45.42 +21.58
NP206 30 19.51 +10.49
EVER4 40-67* 14.33 +25.67

*Because EVER4 paleo-estimate is a range, decision was made to use the low end of the range
(40 cm) for adjustment calculation as described in the text.

Trim data to appropriate time-frame (P33 (1/1/1965 to 12/31/2000; NP206 1/1/1975 to
12/31/2000; EVER4 1/1/1994 to 12/31/2000)

Data from raw NSM are converted to cm

Bias-adjustment in cm is applied (as described in section above)

Paleo-adjustment in cm is applied

Delete any values < 0 (retains above-ground water levels only)

Summary stats are calculated on above-ground water levels. Compare count and mean from
Excel files and SAS output to verify.

In Excel, calculate average hydroperiod (Supplemental Table 3) by taking only the above ground
water days, sorting by date, counting the number of days in each calendar year water is above
ground. Average for span of time to get average hydroperiod.
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Paleo-based, bias-adjusted NSM SAS Runs

SAS code for P33 Paleo-adjusted Water Level: Code brings in raw NSM data, converts to cm, applies
bias-adjustment in cm (+0.30), applies paleo-adjustment (+21.58 cm), restricts dates, and removes any <
0 water level values.

[ MJ P33 palec-ad) water level 2-12-2019 - Notepad

File Edit Format View Help

Fthis is paleo;

*nsm_4_6_2 1is feet of depth so this changes it to cm;
data P33nsm_cm; set mysaslib.nsm_4_6_2;

P33nsm_cm = P33_nsm * 30.48;

keep date P33nsm_cm;

run;

data NsM_adjustbias_cm; set P33nsm_cm;
P33nsm_adjustbias_cm=F33nsm_cm +0. 30;
run;

*p33;

*Ehis applies paleo adjustment (paleo est water depth minus median N5SM bias-adj water depth);
*The P33 adjustment is + 21.58 cm;

data P33paleo_cm; set NsSM_adjusthias_cm;

P33paleo_cm = P33nsm_adjustbias_cm + 21.58;

where date >="01janl1965'd and date <='31dec2000’d;

keep date P33paleo_cm;

run;

data P33paleo_cm_abvgrnd; set P33paleo_cm;
P33paleo_cm_abvgrnd = (P33paleo_cm);

where P33paleo_cm > 0.0;

keep date P33paleo_cm_abvgrnd;

run;

proc means data = P33paleo_cm_abvgrnd n mean median max min range stderr P10 P25 P75 PS0;
run;

*proc_export data=P33paleo_cm_abvgrnd_merge
outfile="C: \Users'\ User'Documents",

A A1l current Projects’\2016 USGS Manuscripth,
new water level hydroperiod flow\water Tevel®
P33paleo_cm_abvgrnd_merge 3-19-18.csv’
dbms=d1m

replace;

delimiter = ", ;

run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

" | P33 paleo-adj water level out 2-12-2019 - Notepad . —

File Edit Format Wiew Help

| The SAS system 15:04 Tuesday, February 12, 2019 1

The MEANS Procedure

variable N Mean Median Maximum M1 nimum Range
ffffffffffffffﬁffffffHHJ‘HHffHHHHfffHHHHfffHHHHfffffffffffffffffﬁfffffffffﬁf?f

P33 a'Iecu _cm_abvgrnd 129 103 103 0224000
fffffffffffffff ffffffffffffffffffffffffffffffffffffffffffﬁffffffffffffffffffffﬁfffffffffﬁfff
variable std Error 10th Pctl 25th pctl 75th Pctl 90th pctl

fffﬁfffffffffffffffffffffffffffffffﬁfffffffffﬁfffffffffﬁfffffffffffffffffffffffffffffffﬁffff

PBB a190 _cm_ab

fffffffffffffff ffffffffffﬁffffffffﬁfffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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SAS code for NP206 Paleo-adjusted Water Level: Code brings in raw NSM data, converts to cm, applies
bias-adjustment in cm (-3.96), applies paleo-adjustment (+10.49 cm), restricts dates, and removes any <
0 water level values.

j NP206 paleo-ad) water level 2-12-2019 - Notepad

File Edit Format View Help

*The text below applies bias adjustment and converts to cm;
data NPZ06nsm_cm; set mysaslib.nsm_4_6_2;

NP206nsm_cm = NP206_nsm * 30.48;

keep date NP2O6nsm_cm;

run;

data NPZOEnsm_ad]ustb1as, set NPZ06nsm_cm;
NP206nsm_adjustbias_cm=NP206nsm_cm - 3.96;

where date >= "01janl975'd and date <= 31dec2000'd;
keep date NP206nsm_adjustbias_cm;

run;

*this adjustment creates the NP206 freshwater paleo-based depth;

*Paleo adjustment based on difference between median bias-adj NSM water Tevel and paleo-based water level;
*The "simple’ NP206 paleo adjustment is +10.49;

data NP206paleo; set NP206nsm_adjustbias;

NPZO6paleo = NPZOEnsm_ad]ustb1as cm + 10.49;

where date >= Ol}an1975 d and date <='31dec2000’ d;

keep date NP206paleo;

run;

*this keeps only above ground values and changes to cm;
data NP206_paleo_cm_abvgrnd; set NP206paleon;
NP206paleo_abvgrnd = NP206paleo;

where NP206paleo > 0.0;

keep date NP206paleo_abvgrnd;

run;

proc means data = NP206_paleoc_cm_abvgrnd n mean median stderr;
run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

“j NP206 paleo-ad] water level out 2-12-2019 - Notepad

File Edit Format View Help

| The SAS System 15:04 Tuesday, February 12, 2019 2
The MEANS Procedure

variable dian 5td Error

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

NPEDE aleo_abvgrnd

ffffffffffffff fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
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SAS code for EVER4 Paleo Water Level: Code brings in raw NSM data, converts to cm, applies bias-
adjustment in cm (-0.91), applies paleo-adjustment (+25.67 cm), removes any < 0 water level values, and
restricts dates.

| £ EVERA paleo-adj water level 2-12-2019 - Notepad ==

File Edit Format View Help

[*The text below applies bias adjustment and converts to cm;
data EVERAnsm_cm; set mysaslib.nsm_4_6_2;

EVER4_NSM_cm = EVER4_nsm % 30.48;

keep date EVER4_NSM_cm;

rumn;

=

*this applies bias ad]ustment of -0.91 cm;

data EVER4nsm_adjustbias; set EVERtmsm_cm
EVER4nsm_adjusthias_cm= EVER4_nsm_cm - 0.

where date >= "01janl994°d and date <= 31dec2000 d;
keep date EVER4nsm_adjustbias_cm;

run;

#this applies paleo adjustment based on sediment core analysis results;

*For EVER4 use low end of paleo range (40) instead of mid-pt for S'lmp'le adjustment (Paleo - median bias-adj NsM);
*The EVER4 adjustment is + 25.67 cm;

data EVER4paleo_depth; set EVERxlnsm_ad_]ustb'las;

EVER4paleo_depth = EVER4nsm_adjustbias_cm + 25.67;

keep date EVER4paleo_depth;

run;

*this adjustment creates the EVER4 freshwater paleo-based depth (cm)
#and retains only above ground water level values;

data EVER4paleo_cm_abvgrnd; set EVER4paleo_depth;

EVER4dpaleo_ cm_abvgrr‘ld = EVER4dpaleo_depth;

where EVER4paleo_depth = 0.0;

keep date EVER4paleo_cm_abvgrnd;

run;

data EVER4paleoabvgrnd942000; set EVER4paleo_cm_abvgrnd;
where date >= '01_1|'ar'|1994'd and date <="31dec2000'd;
keep date EVER4paleo_cm_abvgrnd;

run;

proc means data = EVER4paleoabvgrnd942000 n mean median stderr stDdev;
run;

quit;
quit;

Output from above: Count and mean data cross-checked to excel file for agreement.

-

ﬁ EVER4 paleo-ad] water level out 2-12-2019 - Notepad

File Edit Format View Help

The 5AS System 15:04 Tuesday, February 12, 2019 3
The MEANS Procedure
| variable N dian std Error std Dev
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
EVER4pa'Ieo cm_abwv 77 12 D
I FRFFsFffffefsssss fffJ‘ffffffffffffJ‘fffffffﬁffffffJ‘fffffffJ‘ffffffffffffﬁffffffﬁffffffffffff

Supplement page 17



Development of Flow Models

The flow models are developed for Shark River Slough (SRS; multiple stations combined) and Taylor
Slough (TSB, station at Taylor Slough Bridge) using the linear regression procedure in SAS (step 5 on text
Figure 3).

Prior to selecting the final linear regression equations used in the analyses presented in the text, we
experimented with the following:

1) Selection of dependent variable. As noted in the text, water level was the logical choice for the
independent variable because stage (converted to water level in the models) is the output
variable provided by the NSM (and other hydrologic models), and it is the variable estimated by
the paleoecologic analyses. Our goal was to predict the circa 1900 flows from the paleo-water
levels.

2) Choice of stations data to include. As explained in the text, P33 station data explains most of
the variance in SRS. For the TSB models, NP206 contributed very little to the variance, so only
EVER4 data were used for the TSB models.

3) Inclusion of < 0 water levels and flows. In developing the models, we tested what happened
when below ground water levels or zero flows were included. For SRS, because of the location
of P33 in the main flow path of SRS and the persistence of some flow even in dry years, we were
able to leave in all observed values. However, because Taylor Slough frequently has no flow and
EVER4 has a large number of below ground values, we needed to set zero or less than zero
values to missing to obtain improved model performance for TSB.

4) Use of multipliers. We experimented with squaring or cubing the water level term to reflect
periods of peak flows. For SRS cubing the water level term produced the highest r? values, and
plots of the model produced versus observed data showed that by cubing this term we were
better matching the peak flows. Adjustments did not improve the model for TSB, so no
multipliers were used.

5) Period of the observed record. The two time periods we tested fully were a) the full period of
record available at the start of this study for the flow monitoring stations, and b) a truncated
period of record beginning in 1995. Models that used the shorter time period (starting in 1995)
gave higher r? values. Given the history of water management, this makes sense, because the
1960s through 1980s flow was significantly reduced and therefore very unlike the natural
system. Beginning in 1990s, water management was trying to send more water into the
southern part of the system. Since we are trying to model the natural system, using data
beginning in the 1990s data was logical.

After experimenting with the above parameters, the final choice of models was based on two things: 1)
selecting the model parameters that produced the best r? value and 2) comparing model output to
observed output to examine how closely the model tracks the observed. This comparison of plots was
particularly useful in determining whether the multipliers were useful in replicating peak flows.

Text Table 3 summarizes the data that were used in the final step of model development and compares
the results of the two time periods (“full” period of record, and starting in 1990), with all other
parameters being the same within each model.
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Comparison of models developed using different time periods

Text Table 3 summarizes the data that were used in the final step of model development, reflecting
decisions noted based on experimentation with items 1-4 above, and compares the results of the two
time periods (“full” period of record, and starting in 1990), with all other parameters being the same
within each model.

SRS “Full” Period of Record

SRS flow data used for these analyses represent a water balance based on the measured flows into
Shark River Slough through six water control structures along Tamiami Trail: SRS = S12A + S12B + S12C +
S12D + S333 - S334 (note, S334 is a subtraction, because its location on the eastern side of the park
diverts water away from SRS). Flow data are from South Florida Water Management District;
https://www.sfwmd.gov/science-data/dbhydro. P33 station water level data are used in SRS model
development (discussed above, experimentation #2).

SAS steps in model development:

1) Adjust for P33 station elevation relative to NGVD29 (4.87 feet for P33)

2) Convert observed water level data at P33 station to meters

3) Cube water depth term (discussed above, experimentation #4)

4) Convert observed flow data from cubic feet per second (cfs) to cubic meters per second (cms)

5) For model, set flow as dependent variable, water level as independent

6) Setrelevant dates (for “full” period of record 10/10/1978 to 9/30/2015)

7) No values are removed for SRS, i.e. includes all values <0, =0, >0 (discussed above,
experimentation #3)
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SAS code for SRS model development using “full” (10/10/1978 to 9/30/2015) period of record:
Mj SRS model development 05-31-2019 full POR - Notepad

File Edit Format View Help

#p33 elevation = 4.87 ft NGVD29;

*p33 values are feet of stage - not depth;

*convert feel stage to meters of depth;

data P33_obs_depth_m; set saslib.fullstagedata updated_29;
P33_m_depth = ((P33_29-4.87)%(0.3048));

keep date P33_m_depth;

run;

data P33_obs_depth_m_cu; set P33_obs_depth_m;
EE3_I‘ﬂ_depth_cu=(P33_I‘ﬂ_depth*P33_l‘ﬂ_depth*P33_nl_depth};
eep date P33_m_depth_cu ;

run;

*SRS is cfs - convert to cubic meters per sec - cms;
data SR5_cms; set mysaslib.srs_updated_dec2016;
srs_cms = srs*0.0283;

keep date srs_cms;

rumn;

data merge_srs_stuff;

merge SRS_cms P33_obs_depth_m_cu;
by date;

run;

proc reg data=merge_srs_stuff;

model srs_cms=

P33_m_depth_cu ;

output out=psrs_cms

p=psrs_cms;

where date >="100ctl1l978'd and date <='30sep2015'd;
run;

data merge_more_stuff;
merge

Srs_cms

Esrs_cms;

y date;

rumn;

data keep_stuff; set merge_more_stuff;
keep date SRS_cms psrs_cms;
rumn;

proc means data=skeep_stuff N mean stddev stderr;
|var SRS_cms psrs_cms;

where SRS_cms NE . and psrs_cms NE . ;

rurn;

*proc export dataskeep_stuff

outfile="C: \Users'User'Documents" A All Current Pru?ect5\
2016 UsGs Manuscriptinew water level hydroperiod flow'
Flow Models'rev 6-27-18 New SRS model rewvised and runs
srRs from P33 cms after 95 6-27-18.csv’

dbms=dTm

reETace;

delimiter = ", ;

\[rumn;

quit;
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Output from above:

; | SRS model development 05-31-2019 out full POR -
pi
| —

'File Edit Format View Help

The sas system 13:25 Friday, may 31, 2019 7

The REG Procedure
Model: MODEL1
Dependent variable: srs_cms

Number of Observations Read 13505
Number of observations used 12533
Number of Observations with Missing values a72

analysis of variance

Sum of Mean

source DF squares square F value Pr > F
Mode 1 8812181 8812181 28386.2 <. 0001
Error 12531 3890112 310.43910
corrected Total 12532 12702293

ROOT MSE 17.61928 R-SQuare 0.6937

Dependent Mean 28.71390 adj R-5g 0.6937

coeff var 61.36151

Parameter Estimates

Parameter standard
variable DF Estimate Error t value Pr = |t]
Intercept 1 3.05919 0.21899 13.97 <. 0001
p33_m_depth_cu 1 223.21059 1.32483 168.48 <. 0001
The sAs System 13:25 Friday, May 31, 2019 8

The MEANS Procedure

b1
ffff?ffJEfffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

ms Predicted value of s

| fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

TSB “Full” Period of Record

TSB flow data are from a single station at Taylor Slough Bridge. Flow data are from South Florida Water
Management District; https://www.sfwmd.gov/science-data/dbhydro. EVER4 station water level data
are used in TSB model development (discussed above, experimentation #2).

SAS steps do the following:

1)
2)
3)
4)
5)
6)
7)

Adjust for EVER4 station elevation relative to NGVD29 (1.81 feet for EVER4)

Convert observed water level data at EVER4 station to meters

Set any below ground water levels (<0) to missing (discussed above, experimentation #3)
Convert observed flow data from cubic feet per second (cfs) to cubic meters per second (cms)
Set any flow values <0 to missing (discussed above, experimentation #3)

For model, set flow (cms) as dependent variable, water level as independent

Set relevant dates (for “full” period of record 10/1/1960 to 12/31/2008)
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SAS code for TSB model development using “full” (10/1/1960 to 12/31/2008) period of record:
B

File Edit Format View Help

[FThis run tests EVER4 as the independent variable. TSB flow is dependent;
*values are not squared. values =0 changed to missing;

*convert exist stage to meters depth above ground;

data EVER4_obs_m_depth; set my'sas ihb. fu115tagedata_updated 29;
EVER4_m_depth =((EVER4_29-1.81)*(0.3048));

if EVER4_m_depth < 0.0 then EVER4_m_depth = ".";

keep date EVER4_m_depth;

run;

*TSE is cfs - convert to cubic meters per sec - Cms;
data TSE_cu_m_sec; set mysaslib.TsE;
TSBE_cu_m_sec = T5B*0.02832;

if TSB_cu_m_sec < 0.0 then TSE_cu_m_sec = ".';
keep date TSB_cu_m_sec;

run;

data merge_EVER4_TSE;

merge EVER4_obs_m_depth TSE_cu_m_sec;

o] ate;

where date >="01loctl960'd and date <="31dec2008 d;
run;

ods preferences;

*pevelop linear regression model - EVER4 is dependent;

*pependent 1isted first in model run and TSBE flow is independent;
proc reg data=merge_EVER4_TSE;

model TSB_cu_m_sec = EVER4_m_depth;

output out=ptsh

p=ptsb_ms;

rurn;

data merge_more_stuff;
merge
merEE EVER4_TSB

date,
where date =="01octl1960'd and date <="31dec2008"d;
rumn;

proc means data=merge_more_stuff W mean stddev stderr;
run;

ods _all_ close;
ods Tlisting;

proc export data=merge_more_stuff
outfile="C:Users'\Documents*a All Current PFD}EEtS\
2016 usGs Manuscript'\flow only.TSE EVER4 mode
redo 3 tsb from EVER4 only 2-4-18.csv’
dbms=dTm
eplace;
delimiter = "," ;
run;

quit;
quit;

quit;
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Output from above:

Mj T5E model development 6-13-2019 full POR out - Notepad

File Edit Format Wiew Help

The sas System 11:57 Thursday, June 13, 2019 3

The REG Procedure
Model: MODEL1
Dependent variable: TSB_cu_m_sec

Number of observations Read 17624
Number of observations Used 4137
Number of Observations with Missing values 13487

Analysis of variance

sum of Mean

source DF Squares Square F value Pr > F
Mode 1 37156 37156 7162. 81 <. 0001
Error 4135 21450 5.18733
corrected Total 4136 58605

ROOT MSE 2.27757 R-5qguare 0.6340

Dependent Mean 3.34806 adj R-5g 0.6339

Coeff wvar 68.02651

Parameter Estimates

Parameter Standard
variable DF Estimate Error T value Pr > |t]
Intercept 1 -2.07058 0.07316 -28.30 <. 0001
EVER4_m_depth 1 37.85135 0.44724 84.63 <. 0001
The sas System 11:57 Thursday, June 13, 2019 4

The MEANS Procedure

variable Label N Mean std Dev std Error
S S S S S S F S S A F R S F F A S S F S S f S A F A S F A S A S F A S F A S F A S F A S S A S S AFFATfAFAaqasasy
date 17624 Q0B5.50 5087.75 383242743
EVER4_m_depth 4137 0.1431558 0.0791848 0.0012311
TSB cu I'rl_sec 17624 l 50024"6 2 "l"lES" O 02046"6

dicted value of TS

ffffffffffffffffffffffffffffffffffffffffﬂfffffffffffffffffffffffffffffffffffffffffffffffffffff

SRS Truncated Period of Record

SRS flow data used for these analyses represent a water balance based on the measured flows into
Shark River Slough through six water control structures along Tamiami Trail: SRS = S12A + S12B + S12C +
S12D + S333 - S334 (note, S334 is a subtraction, because its location on the eastern side of the park
diverts water away from SRS). Flow data are from South Florida Water Management District;

https://www.sfwmd.gov/science-data/dbhydro. P33 station water level data are used in SRS model

development (discussed above, experimentation #2).

SAS steps in model development:

1)
2)
3)
4)
5)
6)
7)

Adjust for P33 station elevation relative to NGVD29 (4.87 feet for P33)

Convert observed water level data at P33 station to meters

Cube water depth term (discussed above, experimentation #4)

Convert observed flow data from cubic feet per second (cfs) to cubic meters per second (cms)
For model, set flow as dependent variable, water level as independent

Set relevant dates (for truncated period of record 1/1/1995 to 9/30/2015)

No values are removed (i.e. includes all values <0, =0, >0)
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SAS code for SRS model development using truncated (1/1/1995 to 9/30/2015) period of record:

| SRS model devel -2019 - Motepad

File Edit Feormat View Help

#p33 elevation = 4.87 fr NGVD29;

*pP33 values are feet of stage - not depth;

*convert feet stage to meters of depth;

data P33_0b5_deptﬂ_m; set mysaslib.fullstagedata_updated_29;
P33_m_depth = ((P33_29-4.87)*%(0.3048));

keep date P33_m_depth;

U,

data P33_obs_depth_m_cu; set P33_obs_depth_m;

E33_m_dEpth_cu=(P33_m_dEpth*Pﬂﬂ_m_dEpth*P33_m_dEpth);
eap date P33_m_depth_cu ;

rurn;

*SRS is cfs - convert to cubic meters per sec - cms;
data SR5_cms; set mysaslib.srs_updated_dec2016;
srs_cms = srs*0.0283;

keep date srs_cms;

run;

data merge_srs_stuff;

merge SRS_cms P33_obs_depth_m_cu;
by date;

run;

proc reg data=merge_srs_stuff;

model srs_cms=

P33_m_depth_cu ;|

output out=psrs_cms

pP=psrs_cms;

where date >="01janl1995"°d and date <="30s5ep2015"d;
run;

data merge_more_stuff;
merge

Srs_cms

Esrs_cms;

y date;

run;

data keep_stuff; set merge_more_stuff;
keep date SRS_cms psrs_cms;
U,

proc means data=keep_stuff N mean stddev stderr;
Var SRS_CmMS psrs_cms;

where SRS_cms NE . and psrs_cms NE .;

rurn;

*proc export data=keep_stuff

outfile="C: \Users'User'Documents’ A All Current Pru?ectz\
2016 UsGs Manuscript'.new water level hydroperiod flow'
Flow Models'rev 6-27-18 New SRS model revised and runs
SRS from P33 cms after 95 6-27-18. csv’

dbms=dTm

replace;

delimiter = ", " ;

Fur;

quit;
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Output from above:

j SRS model develop 1995-2015 POR water level cubed out 5-31-2019 - Notepad - I e

File Edit Format View Help

| The SAS System 12:09 Monday, May 27, 2019 1

The REG Procedure
Model: MODEL1
Dependent Variable: srs_cms

Number of oObserwvations Read 7578
Number of observations Used = 7061
Number of Observations with Missing values 517

analysis of wvariance

sum of Mean
source DF squares square F value Pr > F
Mode] 1 6320509 6320509 24438.7 <, 0001
Error 7059 1825646 25B.62677
corrected Total 7060 8146156
ROOT MSE 16. 08188 R-Square 0.7759
Dependent Mean 31.51247 Adj R-5g 0.7759
coeff wvar 51.03338
Parameter Estimates
Parameter standard
variable DF Estimate Error t value pr = |t]
Intercept 1 -1.63582 0.28564 -5.73 <. 0001
p33_m_depth_cu 1 225. 39848 1.44182 156.33 <. 0001
The SAS System 12:09 Monday, May 27, 2019 2
The MEANS Procedure
variable Label std Error
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
srs cms Predicted value of srs_cms 061 31 5124693 29 9208331 0 3560743

ffffffffffﬁfffffffffﬁffffffffﬁfffffffffﬁfffffffffffffffffffffffffffffffffffffffffﬁffffffff

Selection of final SRS model for use in analyses:

R? value for truncated period of record starting in 1995 was higher (0.78) than the “full” period of
record (0.69), therefore, the model derived from the truncated period was used. Additionally, as stated
above, using data from the 1990s forward reflected water management decisions to more closely
emulate the natural system.

Model developed from the output above sets flow as the dependent and water level as the independent
variables; SRS flow is predicted by water depth at the P33 station and water depth is cubed to simulate
peak flows.

SRS flow (m3s7t) = (-1.64) + (225.4 * (P33 water depth(m)?))
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TSB Truncated Period

TSB flow data are from a single station at Taylor Slough Bridge. Flow data are from South Florida Water
Management District; https://www.sfwmd.gov/science-data/dbhydro. EVER4 station water level data
are used in TSB model development (discussed above, experimentation #2).

SAS steps in model development:

1)
2)
3)
4)
5)
6)
7)

Adjust for EVER4 station elevation relative to NGVD29 (1.81 feet for EVER4)

Convert observed water level data at EVER4 station to meters

Set any below ground water levels (<0) to missing (discussed above, experimentation #3)
Convert observed flow data from cubic feet per second (cfs) to cubic meters per second (cms)
Set any flow values <0 to missing (discussed above, experimentation #)

For model, set flow (cms) as dependent variable, water level as independent

Set relevant dates (for truncated period of record 1/1/1995 to 12/31/2008)
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SAS code for TSB model development using truncated (1/1/1995 to12/31/2008) period of record:

Mj T5B model develop 1995-2008 POR 5-31-2019 - Notepad

File Edit Format View Help

[Fconvert exist stage to meters deqth above ground;

data EVER4_obs_m_depth; set mysaslib.fullstagedata_updated_29;
EVER4_m_depth =((EVER4_29-1.81)%(0.3048));

if EVER4_m_depth < 0.0 then EVER4_m_depth = ".";

keep date EVER4_m_depth;

run;

*T5B is cfs - convert to cubic m per sec;
data TSE_cu_m_sec; set mysaslib.TSE;
TSB_cu_m_sec = TSE*0.02832;

if TSB_cu_m_sec < 0.0 then TSB_cu_m_sec = ".";
keep date TSB_cu_m_sec;

Fun;

data merge_EVER4_TSE;

merge EVER4_obs_m_depth TSB_cu_m_sec;

4] ate;

where date >="01janl1995°d and date <="31dec2008 'd;
rurn;

ods preferences;

proc reg data=merge_EVER4_TSE;
model TSE_cu_m_sec=
EVER4_m_depth;

output out=ptsh

p=ptsh_ms;

rur;

data merge_more_stuff;

merge

merge_EVER4_TSE

Ptsh;

by date;

where date >="01janl995°d and date <="31decZ008'd;
keep date TsB_cu_m_sec ptsb_ms

run;

proc means data = merge_more_stuff n mean stderr;
rur;

ods _all_ close;
ods listing;

*proc export data=merge_more_stuff

outfile="C: \Users'Documents' A All Current Pru?ects\
2016 usGs Manuscript'flow only\TSE EVER4 models’,
redo 3 tsb from EVER4 only 2-4-18.csv’

dbms=dTm

replace;

delimiter = ", ;

run;

quit;
quit;

quit;
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Output from above:

Mj T5B model develop 1995-2008 POR cut 5-31-2019 - Notepad L

File Edit Format View Help
| The SAS system 10:55 Friday, May 31, 2019

=l

The REG Procedure
Model: MODEL1
Dependent variable: TSBE_cu_m_sec

Number of Observations Read 5114
Number of Observations uUsed 3740
Number of Observations with Missing values 1374

Analysis of variance

sum of Mean

source DF squares square F value PFr = F
Model 1 34737 34737 6389, 38 <. 0001
Error 3738 20322 5.43673
Corrected Total 3739 55060

Root MSE 2.33168 R-Square 0.6309

Dependent Mean 3. 36058 Adj R-5qg 0.6308

coeff var 69.38321

Parameter Estimates

Parameter standard
variable DF Estimate Error T value Pr = |t]
Intercept 1 -2.26274 0.08002 -28.28 <. 0001
EVER4_m_depth 1 38.95716 0.48737 79.93 <. 0001
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ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffJ;J;Jz’Jz’Jé

TSB cu m_sec 5114 2 5"33304 D 0503565
cted value of T5

fffffffffffffffffffffffﬁfffffffﬁffffffffffffffffffffffffffffffffffffffffffffffffffﬁf

Selection of final SRS model for use in analyses:

R? value is the same for both the “full” and the truncated TSB models (r? = 0.63). The truncated model
was selected, however, for consistency in comparison with the SRS model, with previous modeling work
on south Florida’s estuaries, and because, as stated above, water management adjustments in the 1990s
suggest this time period more closely emulates the natural system.

Model developed from the output above sets flow as the dependent and water level as the independent
variables; TSB flow is predicted by water depth at the EVER4 station. No multipliers were needed to
simulate peak flows.

TSB flow (m3s71) = (-2.26) + (38.96 * EVER4 water depth (m))
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Application of models to produce flow estimates circa 1900

Paleo-adjusted NSM mean flow estimates are derived by taking the equations developed above and
applying the paleo-adjustments to the NSM bias-adjusted water levels at P33 station for SRS and at
EVER4 station for TSB. By utilizing the paleo-adjusted water levels in the equations derived from
modern flow we can estimate flow volumes around the beginning of the 20™ century.

For both SRS and TSB two time periods within the NSM were analyzed:

1)

2)

The “full” period of overlap of the observed flow data (from South Florida Water Management
District; https://www.sfwmd.gov/science-data/dbhydro) with the NSM 4.6.2 model (for SRS this
is 10/10/1978 to 12/31/2000; for TSB this is 1/1/1965 to 12/31/2000).

A truncated period of overlap of the observed flow data with the NSM 4.6.2 model (for both TSB
and SRS this is 1/1/1990 to 12/31/2000)

Paleo-adjusted NSM 4.6.2 flow SAS Runs for SRS

Steps in calculating SRS flow estimates:

1.
2.
3.

Changes raw NSM water level data for P33 station tom

Applies bias-adjustment (in m) of 0.30 cm to NSM water level for P33

Applies the paleo-adjustment (in m) of 21.58 cm to the NSM bias adjusted water level data for
P33

Restricts the dates (for “full” period of overlap = 10/10/1978 to 12/31/2000; for truncated
period of overlap 1/1/1990 to 12/31/2000)

Cubes the bias-adjusted, paleo-adjusted NSM water level value for P33

Inserts the resulting values into the linear regression equation (derivation described in section
above):

SRS paleo-adjusted flow (m3s™!) = (-1.64) + (225.4 * (P33 paleo-adjusted water depth(m)3))
Calculates summary statistics for the paleo-adjusted flow and the observed flow (presented in
Text Table 5)
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PaIeo adjusted SRS flow SAS code using “full” period of overlap (10/10/1978 to 12/31/2000):
J SRS pale P33 1978- EUUOW—

File Edit Format View Help

#this is paleo;

#nsm_4_6_2 is feet of de?th so this changes it to m;
data P33nsm_m; set mysaslib.nsm_4_6_2;

P3IInsm_m = P33_nsm * , 3048;

keep date P33nsm_m;

run;

*The text below is bias adjustment;
*bias adjustment = + 0.0030 m;
*output values are m depth;

data NSM_adjusthias_m; set P3I3nsm_m;
P33nsm_adjusthias_m=P33nsm_m +0.0030;
run;

*p33;

#*this applies 2nd adjustment using difference between;
*paleo depth est and median bias-adj N5M water depth m;
*The P33 qa1eo adjustment 15 + 21.58 cm = 0.2158m;
data P33paleo_m_abvgrnd; set NsM_adjustbias_m;
P33paleo_m = P33n5m_ad]uﬁtb1as m + 0.2158;

where date >='120ct1978'd and date <='31dec2000° d;

keep date P33paleo_m;

run;

*Next step cubes bias-adj N5M paleo depth for the model equation;
data $33pa1e0_m_cubed; set p33paleo_m_abvgrnd;

EBBpa eo_m_cu=_{P33paleoc_m*P33paleoc_m*PI3paleo_m);
eep date P33paleo_m_cu;
run;

data SRSpaleo_from_P33paleo_m; set p33paleo_m_cubed;

*This is model: SRS FLOwW = -1.64 + 225.40(5tage at P33 cubed);
*The P33 water Tevel value in the model development was cubed;
*Flow 15 dependent variable, water level at P33 is independent;
SRS_paleo = -1.64 + (225.4*P33paleo_m_cu);

keep date SRS_paleo;

run;

*SRs_obs is cfs - convert to cubic meters per sec - cms;
data SRS_cms; set mysaslib.srs_updated_dec2016;

srs_cms = srs¥* 0.0283168;

keep date srs_cms;

run;

data merge_sRSpaleo_cms;

merge SRSpaleo_from_P33paleo_m

SRS_cms;

by date;

where date »="120ct1978'd and date <='31decz2000"d;
run;

proc means data=merge_sRSpaleo_cms N mean stddev stderr;
Var srs_cms SRS_paleo;
run;

*proc_ export data=merge_r33paleo_SRS_cms
outfile="C:\Users'User'Dosqments'A All Current Pro?ects\
2016 usGs Manuscriptinew water level hydroperiod flowh,
Flow Modelsuse this SRS model revised and runsh,

rev SRS paleo run cms 6-27-18.csv’

dbms=dTm

replace;

delimiter = ", ;

run;

quit;

quit;
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Output from above:

!| 3RS palec P33 1978- out 2-27- - Notepa
| ——————

File Edit Format View Help
| The SAS System 11:01 wednesday, February 27, 2019 2

-l

The MEANS Procedure

variable N Mean std Dev std Error

T T i ffffssffsssrifss

sr g_cm?eo gDDB 31. 3024972 34.1765107 0.3819141
pa

SR 117 71.5126818 42.2436723 0.4688824
S ff s fffssfffssssfsfssfssss
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Paleo-adjusted SRS flow SAS code using truncated period of overlap (1/1/1990 to 12/31/2000):
"] SRS paleo P33 1990-2000 2-27-2019 - Notepad

File Edit Format View Help

[Fthis is paleo;

*nsm_4_6_2 is feet of de?th so this changes it to m;
data P33nsm_m; set mysaslib.nsm_4_6_2;

P3I3nsm_m = P33_nsm * . 3048;

keep date P33nsm_m;

run;

*The text below is bias adjustment;
*bias adjustment = + 0.0030 m;
#putput values are m depth;

data WsM_adjusthias_m; set P33nsm_m;
P33nsm_adjustbias_m=P33nsm_m +0.0030;
rumn;

*p33;

*this applies 2nd adjustment using difference between;
*paleo depth est and median bias-adj N5M water depth m;
*The P33 qa1e0 adjustment is + 21.58 cm = 0.2158m;
data P33paleo_m_abvgrnd; set NsM_adjustbias_m;
P33paleo_m = P33n5m_adjustbias_m + 0.2158;

where date >="01jan1990'd and date <="31decZ000’d;

keep date P33palec_m;

rumn;

*Next step cubes bias-adj NsM paleo depth for the model equation;
data ?Eapa1eo_m_cubed; set p33paleo_m_abvgrnd;

E33pa eo_m_cu={P33paleo_m*P33paleo_m*P33paleo_m);
eep date P33paleo_m_cu;
rumn;

data SrRSpaleo_from_P33paleo_m; set p33paleo_m_cubed;

*This is5 model: SRS FLOW = -1.64 + 225.40(5tage at P33 cubed);
*The P33 water level value in the model development was cubed;
*Flow is dependent variable, water level at P33 is independent;
SR5_paleo = -1.64 + (225.4%P33paleo_m_cu);

keep date sSRS_paleo;

run;

*SR5_obs is cfs - convert to cubic meters per sec - cms;
data srRS_cms; set mysaslib.srs_updated_dec2016;

srs_cms = srs% 0,0283168;

keep date srs_cms;

run;

data merge_sRspaleo_cms;

merge SRSpaleo_from_P33paleo_m

Sr5_cms;

by date;

where date >="01janl9390'd and date =<="31dec2000’d;
run;

proc means data=merge_SsRSspaleo_cms N mean stddev stderr;
var srs_cms SRS_paleo;
run;

*proc_export data=merge_P33paleo_SR5_cms
outfile="C:\UsersiUser'Dosgments'A All Current Pro?ects\
2016 UsGS Manuscript\new water level hydroperiod flow',
Flow Models‘use this SRS model revised and runs’

rev SRS paleo run cms 6-27-18.csv’

dbms=dTm

replace;

delimiter = "," ;

run;

llquit;

quit;
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Output from above:

j SRS paleo P33 1990-2000 out 2-27-2019 - Notepad lil_[

File Edit Format View Help

The sAs system 11:01 wednesday, February 27, 2019 3
The MEANS Procedure

variable std Error

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffﬁf

SRs_ a.'Iecu 4018 82 891238" 45 2268298 0 *134954
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Paleo-adjusted NSM 4.6.2 flow SAS Runs for TSB

Steps in calculating TSB flow estimates:

1.
2.
3.

Changes raw NSM water level data for EVER4 station to m

Applies bias-adjustment (in m) of -0.91 cm to NSM water level for EVER4

Applies the paleo-adjustment (in m) of 25.67 cm to the NSM bias adjusted water level data for
EVER4

Inserts the resulting values into the linear regression equation (derivation described in section
above):

TSB paleo-adjusted flow (m3s™?) = (-2.26) + (38.96 * EVER4 paleo-adjusted water depth (m))

Restricts the dates (for “full” period of overlap = 1/1/1965 to 12/31/2000; for truncated period
of overlap 1/1/1990 to 12/31/2000)

Calculates summary statistics for the paleo-adjusted flow and the observed flow (presented in
Text Table 5)

Supplement page 33



Paleo-adjusted TSB flow SAS code using “full” period of overlap (1/1/1965 to 12/31/2000):
"j TSE paleo EVER4 1965-2000 2-27-2019 - Motepad

File Edit Format View Help

#nsm_4_6_2 is feet of depth so this changes it to m depth;
data EVER4nsm_m; set mysaslib.nsm_4_6_2;

EVER4Nsm_m = EVER4_nsm % . 304E8;

keep date EVER4nsm_m;

run;

*The text below is bias adjustment;

*pias adjustment = - 0.0091 m;

#gutput values are m depth;

data EVER4nsm_adjustbias_m; set EVER4nsm_m;
Everdnsm_adjustbias_m=Everdnsm_m - 0.0091;
keep date Everdnsm_adjustbias_m;

run;

*this adjustment creates the EVER4 freshwater paleo-based depth (m)

oy app1%iﬂ? 2nd adjustment based on the sediment core analysis results and
*using the Tow estimate;

*The EVER4 adjustment is + 25.67 cm = 0.2567 m;

data EVER4paleo_depth_m; set EVER4nsm_adjustbias_m;

EVER4paleo_m = EVER4nsm_adjustbias_m + 0.2567;

EVER4paleo_m_abvgrnd = EVER4dpaleo_m;

keep date EVER4paleo_m_abvgrnd;

run;

data TSB_paleo_cu_m_sec; set EVER4paleo_depth_m;

*This is model: TSE FLOwW = -2.26 + 38.96(5Tage at EVER4);

*Flow is dependent variable, water Tevel at EVER4 is independent;
TSBE_paleo = -2.26 + (38.96*EVER4paleo_m_abvgrnd);

where date >="01jan1965'd and date <="31dec2000'd;

keep date TSB_paleo;

rurn;

#*T5B_obs s cfs - convert to cubic m per sec;

data TSE_cu_m_sec; sef mysaslib.Tsb;

TSE_cu_m_sec = TSBE*0.0283168;

where date >="01janl965'd and date =='31dec2000d;
keep date TSE_cu_m_sec;

run;

data merge_EVER4paleo_TSE;
merge TSB_cu_m_sec
TSE_paleo_cu_m_sec;

by date;

run;

proc means data=merge_EVER4paleo_TSE N mean stddev stderr;
var TSB_cu_m_sec TSB_paleo;
run;

quit;
quit;

Supplement page 34



Output from above:

| TSB palec EVER4 1965-2000 cut 2-27-2019 - Notepad
B P i P

File Edit Format Wiew Help

:

| The SAS System 11:34 wednesday, February 27, 2019
The MEANS Procedure
variable N Mean std Dewv std Error
T i ffffffffffffrssfqaqssg
Ts5B 3149 1.3350567 2.3794444 0.0207505

_Cu_m_sec 1
TSB_paleo 0

fffffffffffffﬁﬁfffffffffff}gfﬁffffj°ffffffﬁﬁfffffffffffﬁfffffﬁfff
The SAS System 11:34 Wednesday, February 27, 2019
The MEANS Procedure

variable N Mean S5td Dew std Error
T S FFFr A ffff s s s s frsssffffffsssssss
S 13149 1.3350567 2.3794444 0.0207505

T5E_Cu_m_sec

TsSB_paleo 13149 4. 8253000 10. 3652505 0.0903927
S ffffffffsfsffsffssssss

4

5
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Paleo-adjusted TSB flow SAS code using truncated period of overlap (1/1/1990 to 12/31/2000):
Mj TSE palec EVER4 1990-2000 2-27-2019 - Notepad

File Edit Format View Help

*nsm_4_6_2 is feet of depth so this changes it to m depth;
data EVER4Ansm_m; set mysaslib.nsm_4_6_2;

EVERANsm_m = EVER4_nsm % .3048;

keep date EVER4nsm_m;

run;

*The text below is bias adjustment;

*bias adjustment = - 0.0091 m;

#gutput values are m depth;

data EVER4nsm_adjusthias_m; set EVER4nsm_m;
Everdnsm_adjustbias_m=Everdnsm_m - 0.0091;
keep date Everdnsm_adjustbias_m;

run;

*this adjustment creates the EVER4 freshwater paleo-based depth (m)

*by appl iﬂ? 2nd adjustment based on the sediment core analysis results and
*using the Tow estimate;

*The EVER4 adjustment is5 + 25.67 cm = 0.2567 m;

data EVER4paleo_depth_m; set EVER4nsm_adjustbias_m;

EVER4paleo_m = EVER4nsm_adjustbias_m + 0.2567;

EVER4paleo_m_abvgrnd = EVER4paleo_m;

keep date EVER4paleo_m_abwvgrnd;

run;

data TSB_paleo_cu_m_sec; set EVER4paleo_depth_m;

*This 15 model: TSBE FLOwW = -2.26 + 3B.96(5tage at EVER4);

*Flow i5 dependent wvariable, water Tlevel at EVER4 is independent;
TSE_paleo = -2.26 + (38.96*EVER4dpaleo_m_abvgrnd);

where date >='Dl?aﬂ1990'd and date =="31dec2000"d;

keep date TSB_paleo;

rumn;

*T5E_obs 1is cfs - convert to cubic m per sec;

data TSB_cu_m_sec; set mysaslib.Tsh;

TSB_cu_m_sec = TSBE*0.0283168;

where date >="01janl1990'd and date <='31dec2000’d;
keep date TSB_cu_m_sec;

run;

data merge_EVER4paleo_TSE;
merge TSB_cu_m_sec
TSE_paleo_cu_m_sec;

by date;

run;

proc means data=merge_EVER4paleo_TSBE N mean stddev stderr;
var TSB_cu_m_sec TSE_paleo;
run;

quit;
quit;

Supplement page 36



Output from above:

.

mj TSE paleo EVER4 1990-2000 out 2-27-2019 - Notepad

File Edit Format WView Help

The SAS System 11:34 wednesday, February 27, 2019
The MEANS Procedure

variable N 5td Error

Mean s5td Dev
T S S S f S FFFfff i s s ffffsfffssfasssssss
TSE_cu_m_sec 4018 2.3212658 3.0071695 0.0474409

TSE_paleo 4018 7.3181364 9.3081291 0.1468444
S S ffffffsffsfrssfssfsssss
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