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April 7, 2025

To: Adaptive Management at Scale Partners
From: The Watershed Center

Re: Floodplain connectivity conditions in the St. Vrain Basin

Purpose and background

The purpose of this memo is share results regarding baseline conditions of floodplain connectivity at 27
long-term sites monitored by The Watershed Center as part of the Adaptive Management at Scale
project. Monitoring sites are distributed throughout the St. Vrain Basin from the canyons to the plains
watershed zones (Table 1) and all have some depositional capacity ranging from floodplain pockets in
canyons and footbhills to broader open floodplains in plains reaches. Baseline conditions at these sites
can help identify and prioritize future restoration projects and understand impacts from disturbances
such as wildfire and flood. Projects that may be implemented in the future can use these results and raw
data files to measure whether restoration achieved desired floodplain connectivity goals.

Floodplain connectivity indicator

Floodplain connectivity refers to the degree of interaction between a river and its adjacent floodplain. In
depositional reaches, it serves as a key indicator of a river’s ability to attenuate disturbances such as
floods and sediment fluxes. A well-connected floodplain allows water to overflow naturally, spreading
across the landscape, depositing sediment, slowing water velocity, and dissipating energy. This process
helps regulate sediment transport, reduce erosion, and mitigate downstream flood impacts.

In contrast, a poorly connected system prevents overflow, causing water and suspended sediment to
move rapidly downstream, potentially exacerbating erosion and degrading habitat. Importantly, well-
connected floodplains enhance groundwater recharge, raise the local water table, support diverse and
resilient riparian vegetation, and facilitate the exchange of water, sediment, organic matter, nutrients,
and organisms between the river, floodplain, and alluvial aquifer—critical processes for maintaining
ecosystem health.

Table 1. Long-term monitoring sites separated by watershed with associated watershed zones and creek names.

Site Watershed zone | Creek
St. Vrain Watershed
McDonald Canyons North St. Vrain Creek
Riverside Canyons Middle St. Vrain Creek
Sawtooth Ranch Canyons South St. Vrain Creek
Upstream Ralph Price Canyons North St. Vrain Creek
DS SSV Park Canyons South St. Vrain Creek




Watershed

Center
Apple Valley North Foothills North St. Vrain Creek
Hall Meadows Foothills South St. Vrain Creek
Golden Fredstrom/M 9.5 Plains St. Vrain Creek
M 8.2 Plains St. Vrain Creek
Keyes/M-6 Plains St. Vrain Creek
Left Hand Watershed
Forest Meadow Canyons Left Hand Creek
Harms Property Canyons James Creek
Upper Buckingham Canyons Left Hand Creek
Legacy 1 Foothills Left Hand Creek
Peck/@ 95 Plains Left Hand Creek
T-11 upstream Plains Left Hand Creek
Boulder Watershed
Bluebird/NBC @ SLP Canyons North Boulder Creek
Rogers/Below Barker Canyons Middle Boulder Creek
Memorial Park Canyons Boulder Creek
BC-CU Foothills Boulder Creek
Highway 93 Foothills Coal Creek
Van Vleet/SBC-3.5 Foothills South Boulder Creek
RC-4 Plains Rock Creek
CTC Open Space/CC-1 Plains Coal Creek
Warembourg Farm/CC-3 Plains Coal Creek
Alexander Dawson/BC-107 Plains Boulder Creek
Canino 7M Ranch/BC-bcc Plains Boulder Creek

Methods

Publically available LiDAR data, collected over Boulder County in 2020 through aerial flights, were used
for visual relative elevation models (REMs) and floodplain connectivity figures creation. A simplified
version of methods is described below. For a full description of methods, see this LINK and the CWCB
REM Generator Tool.

Delineate areas of interest (AOIs) using known long-term monitoring site boundaries.
Download relevant LiDAR tiles.
Create river centerline shape file.
Create valley centerline shape file.
Use the Colorado Water Conservation Board’s REM Generator Tool to:
a. Generate cross sections that run perpendicular to river and valley centerlines.
b. Process cross sections.
c. Generate REM.
d. Adjust AOI if necessary to only include relevant floodplain area.
6. Create histogram figures using defined elevation intervals.
7. Create percent figures relative to total area of AOI.
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https://watershed.center/wp-content/uploads/2025/02/Flooplain_connectivity_methods.pdf
https://drive.google.com/drive/folders/1qcsaKrh-NPplq4P3escRgNW6mokA_QLL
https://drive.google.com/drive/folders/1qcsaKrh-NPplq4P3escRgNW6mokA_QLL
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Interpreting results

All GIS files can be accessed in this google link. Files can be downloaded and used and/or manipulated
for further analyses.
https://drive.google.com/drive/folders/1w5sJOAA04ANrKHHIALkwbo6tkL8d1YwBI?usp=sharing

While more detailed hydraulic modelling is necessary to determine an exact amount of how much
floodplain would be inundated in the event of a high flow or flood event, we consider elevations below
four feet to represent a well-connected floodplain based on what we know about the high flow regime
of streams in Boulder County (i.e., by how much the water level rises during peak flows on average).
Note that this threshold is not exact and would likely be dependent on the exact stream and reach of
study.

A greater proportion of bench heights within this range suggests better connectivity, allowing for natural
processes like sediment deposition, groundwater recharge, and habitat support. These conditions are
typically observed in unmodified channels with stable banks and intact riparian vegetation or in systems
with well-connected sediment regimes and annual flushing flows. Sites with a lesser proportion of bench
heights within this range may indicate channel incision or localized floodplain modifications such as
levees or development that influence connectivity. These sites typically also have poor riparian
condition and instream habitat complexity. Overtime, floodplain connectivity is expected to change due
to the dynamic nature of our Front Range watersheds, disturbances such as flood, wildfire and drought,
or due to external factors like restoration projects, land use, and development. Therefore, we
recommend monitoring this indicator over time and after significant impacts or changes to the
landscape.

Baseline data takeaways

Using the above described guidelines, we find the majority of monitoring sites to have well-connected
floodplains, which are capable of attenuating fluxes from high flows and flood events. DS SSV Park
(South St. Vrain Creek) and Memorial Park (Boulder Creek) are two sites that are exceptions to this, but
because they are floodplain pockets in the canyons watershed zone where surrounding floodplain is
limited, these results are not unexpected or necessarily a management concern. However, two other
sites, Peck/@ 95™ (Left Hand Creek) and BC-CU (Boulder Creek), exhibit only moderately-connected
floodplains and are located in urban areas, which could be driving poor connection.

Discussion and management takeaways

Generally, monitoring sites in canyons watershed zone are typically small floodplain pockets surrounded
predominantly by transport reaches—river sections where water and suspended sediment move rapidly
downstream with minimal attenuation. Limited floodplain availability, steep canyon walls, and high
channel gradients restrict floodplain connectivity in these areas. While deposition and connection is
expected, these sites generally have less floodplain interaction compared to lower foothills and plains
zones. In these downstream areas, wider valleys and gentler slopes create predominantly depositional
reaches, allowing high flows to activate the floodplain and moderate fluxes like sediment deposition.


https://drive.google.com/drive/folders/1w5sJOAAo4NrKHH9ALkwbo6tkL8d1YwBl?usp=sharing
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However, increased development in these zones can alter natural floodplain dynamics, potentially
reducing connectivity.

Our results highlight two sites that would most benefit from future restoration work are Peck/@ 95
and BC-CU, which are located in the City of Longmont and City of Boulder, respectively. We do not
consider either site to be poorly-connected due to abundance of low elevation LiDAR hits, but due to
their locations in high population urban areas adjacent to important residential and commercial
infrastructure, it is crucial that both sites be able to attenuate fluxes from high flows and flood events.
Due to both sites having moderately high amounts of high elevation hits, water may not have the
opportunity to dissipate energy before flowing downstream towards more infrastructure. Future
restoration work at these sites should prioritize floodplain activation if possible.

Figures

Figures for each site are displayed on following pages in the same order as in Table 1. In the figures,
panel A shows the visual representation of the REM. Cooler colors represent lower elevations, and
warmer colors represent higher elevations relative to the lowest elevation of the streambed. Panel B
shows the histogram of raw LiDAR hits. Panel C shows the number of LiDAR hits scaled to the total area
of the monitoring site as a percent. Future restoration work at any of these sites would benefit by using
these data to evaluate project success. Increasing floodplain connectivity would be displayed as a
leftward shift in the percent line toward lower elevation bins when compared to the baseline conditions
line.



the

Watershed
Center
McDonald
N - Relative Elevation (ft.)
A
w g@ E B < [J3to3s
S - Bl cwcos [ astos
B ostot [ 4045
N 1to15 [ <5t
1502 [lstss
[ J2to2s [ssts
[ ]25t03
a
Flow
B 5,000
45001
4,000
3,500
- 3,000
S 2o _
8 20001 :
1,000
-
C .Relative Iélevation (ﬁ.) |
-t
c
Q
o
7]
o

<0 05101 15102 25103 35104 15105 55106

Relative Elevation (ft.)



the

Watershed
Center
Riverside
A N Relative Elevation (ft.)
WG Bl [
S Bl ocos [ 35104
Bl ostor [l 41045
B 1015 4515
1502 [l 5to55
[ J2tc2s [l 55tce
/ [ ]25t2
Flow
B

Count

15102 25103 I5tad 45105 55106

C Relative Elevation (ft.)

Percent

e M e o @

<0 05101 1512 25103 35104 15105 55106

Relative Elevation (ft.)



the

Watershed
Center

Sawtooth Ranch

A

Relative Elevation (ft.)

B0 [ |4to4s
Bl otwos[ ]45t5
B o510 1 51055
I 1t 1.5 [ 55106
[ 15t02 [l 60 6.5
2t025 [l 65107
[ 25t03 [l 7to75
[ J3to3s [l 75108
[ Jastos N -8

—l

Flow

<0 05101 15102 25103 35104 15105 55106 65107 75108

Relative Elevation (ft.)

Percent

- N W e m e wem o D

-““‘"h..
<0 05101 15102 25103 35104 45t 5 55106 65te 7 Thted

Relative Elevation (ft.)




(D

the

Watershed
Center

Upstream Ralph Price

>

Count

Percent

Relative Elevation (ft.)

-

Bllotcos
| EEX
B ito1s
B 15102
B zto25
[ ]25t2
[ ]atcas

;-15; - [ Jastos

:4to4,5
[ J45t05
[ Jstess
Pllss5te
Bllcces
Blcsto
s
| EATSE
—p

<0 N5m1 1512 ?5;03 J.S;nl 45 ;nﬁ : i S5tak G517 7T5m8
Relative Elevation (ft.)

1

124
"
10

9

8

7

&

54

1

]

2 e

<0 05101 15102 25103 35104 15105 55106 65107 15108

Relative Elevation (ft.)



A N Relative Elevation (ft.)

Bl [ J7w7s

BElllowos [ 75108

Bl oswor [ etoss

Bl o5 [ ]ss5t0

B 1sto2 [ 9to9s

I 2025 [ 051010
[ 2503 [ 1010105
[ 3toas [ 1051011
35104 [l 1110115
[ 4toas M 1151012
[astos M 1210125
[Tlstoss M 12510013
[ 5506 [l 1310135
[ lewes |l 1351014
[ lester

Count

C <0 15t02 35104 55106 75108 9510 10 11510 12 13510 14

Relative Elevation (ft.)

Percent

\_\

<0 15102 3510 4 5510 6 75108 9510 10 1510 12 135 10 14

Relative Elevation (ft.)

=




the
Watershed
Center
Apple Valley North
A l Relative Elevation (ft.)
3 B < [ ]3035
' B 0to05 [ 35104

B ostot I 41045
[ 1to15 [ 45105

[ ]15t02 5055

[ l2tw25 [l 5506
[ ]25t3

B

PRy

o

: 'y

O 1.

o,

15102 25103 35104 45105 55106

Relative Elevation (ft.)

Percent

<0 05101 15102 25103

Relative Elevation (ft.)

35104 15105 5510



Y
-—4"‘ Watershed
L << Center
Hall Meadows
A N Relative Elevation (ft.)
Al B - []15t017
w E
<V Bl ooz [ 17502
S _ _ B 02510 05 [ 210 225
I 05t00.75 [ 2251 25

[ Jorsto1 2510275
[ J1to12s 27503

[ J1251015

Flow

e

c

=

=]

o »

<0 0.25100.5 0.7510 1 1251015 175102 2251025 275103

Relative Elevation (ft.)

Percent

<0 0.25 10 0.5 0.75101 1251015 175102 2251025 275103

Relative Elevation (ft.)



the

Watershed
Center

Relative Elevation (ft.)

B < 1510175
Bl oto02s I 175102
I 025t0 0.5 [ 2 to2.25
I 05 to 0.75 [ 225t0 2.5
[o7sto1 250275
[ Jito12s st
[ J12ste1s

Count

0.25 10 0.5 0.7510 1 12510 1.5 15102 22510 2.5

Relative Elevation (ft.)

21503

Percent

<0 0.2510 0.5 075101 12510 1.5 L5102

Relative Elevation (ft.)

2251025 275103



Count

Percent

3,200

-+

he

Watershed
Center

Relative Elevation (ft.)

B < [ ]2to22s
Bl otoo2s [ ]2251025
I 025 to 0. [ 250 2.75
B osto0.7 [ 27510 3
Blorsto1 [ll3to325
I 1to12s 3251035
[]12s5to1 350378
[ J15t017 375104
[ J17st02

3,000 4
2,800
2,600
2,400+
2,200
2,000 4
1,800 1
1,600 4
1,400+
1,200
1.000 4

800+

400+
2004

<0 0.25 10 0.5 075101 12510 1.5 15102 22510 2.5 205103 3251035 35104

Relative Elevation (ft.)

=

Relative Elevation (ft.)

<0 0.2510 0.5 0.75 101 12516 1.5 175102 22510 2.5 275103 30510 3.5 375104



the

Watershed
Center

Relative Elevation (ft.)

B - [ J17st02
Bl otoo2s [ 2to225
Bl o2stoos [ 2251025
B osteo7s [ 25t0 275
Elorsto1  [Jl275103
[ ]1to12s [l 3to22s
[ J12s5t015 [ll325t03s
[ J1sto17s

ol
| =
=
o
&
|
0.25 ta 0.5 Bistod .1.25 su 1.5 1.'."5‘!0 2 IZ.Z! to 25 275103 32510 3.5
Relative Elevation (ft.)
e
o i
Q 4
2 1
Q
o
3
540
44
34
24
1
[[B

<l 0.25 1005 075w 1 185015 175002 225w s FRERURS 325035

Relative Elevation (ft.)



the

Watershed

Forest Meadow

>

Count

Percent

Center
N Relative Elevation (ft.)
w@pe I -
S

Bl owos |
B o5to1

25103 35104 15105 55106

Relative Elevation (ft.)

65107

<0 05101 15102 25103 35104 15105 55106 65107

Relative Elevation (ft.)



the

Watershed
Center

Relative Elevation (ft.)

Bl [ 31035
Bl otoos [ 35t04
B os5to 1 [ 4t0 4.5
I 1to1.5 [ 45t05
1502 [l 5t055
[ Joto2s | 55t06

Flow [ ]25t3
e
| —
=
=)
(&)
15102 25103 35104 15105 55106
C Relative Elevation (ft.)
3
%
26
u
2
2
‘E 18
Q
E 1"
L »
m 10
8
6 {
4 |
2 1
0 . . . . . =t
<0 05101 15102 2513 35104 45105 55106

Relative Elevation (ft.)



Watershed

Center

Upper Buckingham

Relative Elevation (ft.)

.

Il otc0s
B osto1
B 1to15
I 15102
[ 2t025
[ ]25t3
[ ]3tc3s
[ Jastos

[ J4toas
[ ]45t05
) 5to 55
Bl s5tc8
Bl ctocs
Blcstor
Bt s
B
Bl ccss

)
| —
=
Q
(&)
<0 05101 15102 25103 35104 45t5 55106 65107 75108
C Relative Elevation (ft.)
et
c
Q
o
Q 1l
o
84
6
44
2_.
04

<0 05101 15102 25103 35104 15105 55106 65107 75108

Relative Elevation (ft.)




-+

he

Watershed
Center

Relative Elevation (ft.)

I - [ Jstoss
Bl osto1 [ |s5t06
B ito15 [ ]eto6s
I 1502 [6s5to7
I 2to2s5 [l 7t075
2503 [l 7508
[ J3t035 Jllctoss
[ I35ts Jllsstoo
[ Jawas N>
[ ]ast05
42,000
40,000
38,000
36,000
34,000
32,000
30,000
28,000
26,000
ke
= 20,000
Q o000 - -
O 3%
12,000
10,000 —
8,000
6,000
4000
2,000
’ <0 05101 15102 2513 35104 1505 55106 55107 Thtes T
Relative Elevation (ft.)
A
2 A
4 [\
16 /\V \\
i
= / \
5/ \
O 10
§ %/ \
6 // \\
s \
2
0 T T . T T = 7 7
<0 05te1 1512 25te3 35t4 4515 5516 65t7 75t8 B85t9

Relative Elevation (ft.)



Y
’—'4\'}Vatershed
D <<

Center
Peck/@ 95t
A N Relative Elevation (ft.)
WE \ Bl [ J25t3

B oto05 [ ] 31035
B osto1 [ 35104
B 1015 [ 4to45
[ J15t02 [l 455
[ J2t25 i 5to55

Count

152 25101 35104

Relative Elevation (ft.)

Percent
S —
L~

<0 05101 15102

25103 35104 1505

Relative Elevation (ft.)



atershed
Center

Relative Elevation (ft.)

Bl [ J1251015
B otoo02 [ 1510175
o025t [ 175102
[ o5t00 I 2t0 225
[ Jo7so 22503
[ J1to125

<0 02510 0.5 0.7510 1 12510 1.5 175102 2251025

C Relative Elevation (ft.)

Percent

“<0 0.25 10 0.5 0.75 10 1 1,25 10 15 175102 22510 2.5

Relative Elevation (ft.)



the

Watershed

Center

Bluebird/NBC @ SLP

>

Count

Percent

Relative Elevation (ft.)
I -
B o005
- 05to 1
[ 1to15
[ ]1st02
[ J2to2s
[ ]25t03
B 3to3s
P 3st04
B 4tods
Bl ¢5t05
Bl coss

15102 25103 35104 15105

Relative Elevation (ft.)

05101

1502 25103 35104 4505
Relative Elevation (ft.)



the
Watershed
Center

Relative Elevation (ft.)
Bll-c [J2503
B oto0.5 [ 3035

N osto1 [l 35104
[ 1to15 [ 4to45

[ J15t2 [l 45t05

15102 25103 35104 15105

Relative Elevation (ft.)

Percent

Relative Elevation (ft.)



A

Count

Percent

the

Watershed
Center

Relative Elevation (ft.)

Bl [ 3t35
B otwos[  |35tk4
B osto1 [ 4t04d5
] 1to15 [ 45105
" [ 15t02 [l 5t055
[ J2to2s5 5506
[ J25t3 6065

<0 05101 15102 25103 35104 15105 55106

Relative Elevation (ft.)

<0 05101 15102 25103 35104 15105 55106
Relative Elevation (ft.)



th

@

Watershed
Center

Count

Percent

Relative Elevation (ft.)

.

Bl owos
Bl o501
B ito1s
B 15102
21025
[ 253
[ ]atwss
[ ]astos
[ Jatoss

[ J45t05
[ |s5to55
55106
[ letss
65107
Bl 775
B 7508
Bl st0s5
Bl cs0o0
Bl cowos

15102 25163 351t0d

<0 05101

Relative Elevation (ft.)

45105 55106 65t07 75108 85109

<0 05101 15102 25103 35104

45105

55106

Relative Elevation (ft.)

65107

7508 85109




-+

he

Watershed
Center

Relative Elevation (ft.)

Bl [ ]3s5t4
Bl otoos [ |4toas
B o5t01 [ 45105
P 1to15 [l 51055
[ 15t02 il 55106
[ J2to2s il 6to65
[ J2s5t03 65107
[ ]3to3s

24,000

Count

<0 05101 152 25103 3504 45105 55106 65107

C Relative Elevation (ft.)

Percent

<0 05101 15102 2513 35104 15105 55106 65107

Relative Elevation (ft.)



Count

Percent

the

Watershed
Center

Relative Elevation (ft.)

R [ 15175
Bl oo [ 175102
B 025t005 210225
B osto075 [ 2251025
Iomstor [l 2510275
[ J1to12s [l 275103
[ J125t015 3325

0.2510 0.5 075101 12510 1.5 115102 2251025 275103
Relative Elevation (ft.)
<0 0.25100.5 075101 12510 1.5 175102 2251025 275103

Relative Elevation (ft.)



oA

N\ the
»4 Watershed
L << Center
RC-4
A Relative Elevation (ft.)
<
Bl ot 025
[ 0251005
[ Joste0.75
[ Jo75t01
[ ]1to125
I 12510 15
B 150175
B 7502
B
s
E
3
o
O m
el ——
- 0251005 07510 1 1251015 175102
Relative Elevation (ft.)
C
<
Q
o
L]
o

<0 0251005 075101 12510 1.5 175102
Relative Elevation (ft.)



the
o Watershed

Center
CTC Open Space/CC-1

A

Relative Elevation (ft.)

B - [ ]125t015
B o0 025 15t01.75
B o25t0 05 [ 1.7510 2
I 05t0075 [ 20 225
[ Jo7sto1 [ 2251025
[ J1o125 |l 2510275

Count

0.25100.5 0.7510 1 1251015 175102 2251025

C Relative Elevation (ft.)

Percent

- P W ke WS 20 S

A
%

0.25100.5 075101 12510 1.5 175102 2251025

Relative Elevation (ft.)



the

Watershed
Center

Warembourg Farm/CC-3

>

N Relative Elevation (ft.)
WE B <

S I 0to025
I 0251005
[ Joswo07s
[ Jo75t01
[ J1t012s
[ 1251015
I 150175
B 175102
B Bl 2w22s

Count

0.25 10 0.5 075101 12610 1.5 175102

Relative Elevation (ft.)

Pl T S STy
WO SN W E ;oo

Percent

R R N . I )

<0 0,25 10 0.5 075101 1251015 175102

Relative Elevation (ft.)



oA

the

Watershed

" \
(4 Center

Alexander Dawson/BC-107

A N
w R
x4,

S

E

a

g

Relative Elevation (ft.)
i -

B otoo0.2s
B 02510 05
[ 0510 075
[ 075101
[[] 1t01.25
[ ]125t015
[ J15t17s
[ 175102
[ 210225
B 2251025
Bl 2510275
503
Bl 30325

Flow

Count

1251015 175102

075101
Relative Elevation (ft.)

225025

275103

- 7 (I | - ——— — — — —— — /7
c / \
8 5 / \
budliR F o =
o 7 \
(s B \ N
: / S = S
<0 0.25 10 0.5 075101 1251015 175102 22510 2.5 275103

Relative Elevation (ft.)



’\ the
»4Watershed
L << Center
Canino 7M Ranch/BC-bcc
A N Relative Elevation (ft.)
W@E Bl < [ 1251015
s Bl otco2s [ 150 1.75
I 0251005 [ 17512
[ ostc07s [ 2tc225
[ Jomstor 2251025
Flow [ J1to12s

9,500
9,000
8.500 1
8.000
7,500
7,000
6,500
6,000

5000
4,500
4,000

Count

0.2510 0.5 075101 12510 1.5 17512 2251025
Relative Elevation (ft.)

Percent

<0 0251005 075101 12510 15 175102

Relative Elevation (ft.)

2251025



	Purpose and background
	Floodplain connectivity indicator
	Methods
	Interpreting results
	Baseline data takeaways
	Discussion and management takeaways
	Figures

