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One-Dimensional Modeling of a Rain Garden:
Assessing Its Hydrological and Hydraulic Behavior

M.I. Oscar Jesus Llaguno Guilberto
M.I. Juan Manuel Figueroa Mendiola
M.I. Jomaelah Morales Rayo
M.I. Raul Medina Mendoza

g 2025

: Ano de

haf| 5 )| La Mujer

UH | «waf) Indigena October, 2025



Problem statement

LR A L A L LR

Medio Ambiente | (o IMTA

Secretaria de Medio Ambiente y Recursos Naturales INSTITUTO MEXICANO
DE TECNOLOGIA DEL AGUA

o ‘e

Urban Population Growth 2
Projections

R R T

.
.

-

.
.

World population
United Nations (2019) 2050

2018 68%

55% o e
1950 )
30%

2030
2018 83.2%

y 74.2

% National Level

3 ONU-HABITAT (2017), .
.. SEDATU (2018)

., . R R R R
R RN RN . *e

sttt sssIsEIIIIIEIIIEIIIRERIIRRIRL,
*s .
®eesserscsssensssssencsenca’

Figure 1. Pachuca Hldalgo (wwwvmtmexmo com) .-

IO

. .
®ssecsscessccscssccsssenessscsnessennnsnnes®

R L L

D 40 % evapotranspiracion
7 P P 30% evapotranspiracion

. 10%
esco-
rrentia

25% infiltracion 10% infiltracion

superficial superficial
25% 5%
infiltracion infiltracion
profunda 75% = 100% de superficie profunda

Cobertura natural del suelo impermeable

2025 . i

Aﬁ de - Flgu(rv?/v?/w Ur:sta:?aﬁ:::gg;gl 'Elgh;hgf‘zgfn)Ch'h . Figure 2. Changes in Water Balance Resulting from Urbanization. Center of Watershed
La U]er 9sp . . Protection (2013).

®esssssssssscssssssssssssnnns®
... .®
Se e RSN SRIRSRIRSERSRRIRIRERRIRERERSERTRY

ge®PeescssssesseessessessenssssE,




Problem statement _ Medio Ambiente | ((,IMTA

EEEEEEEEEEEEEEEEEEE

:Solution?

Tradicional vs Innovative

Gray infrastructure Green infrastructure
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What is Green Infrastructure?

It is a set of techniques for managing and treating stormwater, aimed at maintaining and restoring
natural hydrology by preserving infiltration, evapotranspiration, and pre-urbanization runoff flows
(Center for Watershed Protection, 2015).

Benefits Drawbacks
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How efficient is this green infrastructure?

Limited data hinders understanding of green infrastructure performance.
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Case study

Efforts are underway to find a
solution...

Google Earth

The evaluation of a rain garden at the IMTA
facilities was carried out, specifically adjacent
to the construction of an experimental

wetland near the Hydrometeorology Jardin de tluvie
building. -

Figure 10. Rain garden location at IMTA facilities

Desborde

. Entrada
| de agua

Technique IV was selected for this area due
to the substantial runoff generated during
heavy rainfall.

Avenida

Desborde
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Simulation models
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1D Modeling

Medlo Amblente
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‘Represents water flow in a single direction, such as in a canal or river.

Flow occurs along a single plane, like a vector.
2D Modeling

‘Represents water flow over an area or floodplain, incorporating movement in multiple directions.

*Flow occurs along both the x and y axes, like a matrix.
3D Modeling

‘Represents objects with depth (z-axis), reflecting how we perceive reality.
It allows simulation of three-dimensional flow, sediment transport, and temporal variations.
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Solucién

Efforts are underway to find a
solution...

The evaluation of a rain garden at the IMTA
facilities was carried out, specifically
adjacent to the construction of an
experimental wetland near the
Hydrometeorology building.

In terms of hydrology, rain gardens reduce ol e Niia
runoff in the areas where they are '
implemented by promoting infiltration,
evapotranspiration, and increasing the
surface Manning's roughness coefficient.

Desborde

Entrada
de agua

Avenida

Desborde
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Modelo 1D
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Mei et al. (2018) Ahiablame y
Runoff reduction = Shakya (2016)
80.62% Runoff reduction =
Tr=2-100 afos 47%
EPASWMM PCSWMM
Palla y Gnecco Analysisjof rainfall-
(2015) runoff vdriables in a Peng et al. (2018)
Runoff computational model Runoff reduction =
reduction = forlareen 89%
45% infrastructure Tr = 0.5 - 100 afios
Tr=2,5y 10
anos
MIKE URBAN

Hua et al. (2020)

Xie et al. (2018)
o Runoff reduction =
Runoff reduction = 42.95%

%\ 2025 >472% Tr=1,5y 10 afos

n

: Ano de Tr=1,2y3anos . .
La Mujer Rain duration= 60, 120 y Rain durat{gg= 30, 60, 120
| §7 Indigena 180 min y 180 min




1D Model
SWMM

LID controls are practices designed to capture
surface runoff while providing a combination
of detention, infiltration, and

evapotranspiration.
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Green Roof

Rain Garden

Roof
Disconnection

Roof
Disconnection

Bioretention

Infiltration
Trenches

Permeable
Pavement

Tipos de LIDS en SWMM. Fuente: Manual, SWMM.




Rain garden design

Preliminary Studies

Land Configuration
(Topography)

Watershed Delimitation

Area= 6451.30 m?

Geomorphological Parameters

Land Use, Vegetation, and Soil
(Edaphology)

Hydrological Group (Type C Soil)

Delimitation of the Rain Garden
Contribution Basin.




Rain garden design

Geotechnical Study
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Location of open-pit wells (PCA) used in the geotechnical study. Adapted from
IMTA (2021a).
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Area = 400 m?2

Ra i n ga rden dESig n Material Excavation: = 570.23

ms3

Subgrade Material Selection

® @) ®

280m 225m 1

21.00 m 21.00m 22.36/7 m ‘l

I__——] Material existente que se va a excavar y/o remover

Figure 15. Soil profile and existing material to be excavated or removed. Adapted from IMTA (2020a).

0 2) S

22.36m

- Mulch o alcolchado Ij Medio filtrante

Figure 16. Soil profile showing different material layers. Adapted from IMTA (2020a).

Suelo subyacente

Layer thicknesses and specifications. Adapted from IMTA (2020a).
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Ao de Mulch 0.05 0.05 0.05 Shredded hardwood

| 0 ﬁ La Mujer Filter Medium 0.65 0.40 0.30 Sand or silty sand
uﬂ | lndigena Underlying Soil 0.65 0.40 0.00 Hydrogeological soils (A or B)




Rain garden design

Parametros LID de SWMM

Tabla 2. Parametros LID de SWMM para las unidades de IV.

Capa Ll Escalon 1 Escalon 2 Escalon 3 ) Observaciones
Valor Unidades

Berm height  304.8 304.8 304.8

Profundidad maxima

mm recomendada
Vegetation Valor minimo
volume 0.1 0.1 0.1 recomendado por
Surface .
fraction Rossman (2015)
Surf
Urecte 9027 0027 0.027 Chow et al. (1994)
roughness
Surface .
6.67 4.28 5.81 % Obtenida del SIG
slope
Thickness 600 400 200 mm Capa vegetal
P dio del
Porosity 0.32 0.32 0.32 faleslt e s
vegetal
FIE|C-| 0.23 0.23 0.23 Ahiablame y Shakya
capacity (2016)
Wilting Ahiablame y Shakya
0.1 0.1 0.1
point (2016)
P dio del
Conductivity 36 36 36 mm/hr romecio de la capa
vegetal
Conductivit
ey 30 30 30 Valor por default
slope
suction 88.9 88.9 88.9 mm Valor por default
head
Afo de Thickness = = = mm No aplica
La Muier Void ratio - - - No aplica
: Storage S
Indlgena - ereaiaege 36 36 36 mm/hr Valor por default
Clogging - - - No aplica




Rain garden design

Surface Design and Vegetation Selection

Vegetation characteristics, according to their location and function in the
rain garden. Prepared by the authors based on IMTA (2021b).

m Vegetation characteristics

Low resistance: Frames
Edge paths; primarily used in
channel areas.

Moderate resistance:
Slope Frames slopes; primarily
used in runoff areas.

AT BN 3
Zona de infiltracion i
y retencion

High resistance: Primarily

Bottom . L .
used in infiltration areas.

Rain garden areas: Viewed from upstream to downstream, starting at the highest part of the
study area. Prepared by the authors.
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Vegetacion Vegetacion Vegetacion Vegetacion
de borde Zona de talud de fondo Zona de talud




Rain garden design

Design parameters for the 3 units (IMTA, 2021)

SC1.2 0.0193 10.56 99 2

SC1.4 0.04 13.94 36.52 2.29
SC2 0.03 32.31 21.32 7.21
SC3 0.015 3542 18.21 7.92
SC4 0.02 14.57 5.97 11.17
SC5 0.05 13.05 16.52 7.1

Types of LID Control in SWMM. Source: Manual, SWMM.

g". 20d25 Contribution Area: 1,743 m?, divided into 6 composite sub-basins.
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Rain garden design

&

Geogrid Spillways

Front view of the spillways.

Wtz

Rain garden spillways
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DEL TECHO DEL ESTACIONAMIENTO DE LA SUBCOORDINACION DE EVENTOS EXTREMOS Y CAMBIO CLIMATICO DEL IMTA

Rain garden design

Caracterizacion del drea de captacion

Observacion:
Q=C*i*A/360

0.95 Revisar Introduccion a la Hidrologia Urbana, Campos Aranda y norma NMX-AA-164-SCFI-2013
155 mm/h Isoyetas de la SCT

para Smin TR- 10 afios (SCT)

Q1= 123
Q2= 364
Q3= 3.67

8.54 Distribucion de las areas tributarias del techo de captacion

Areas Tributarias y bajadas propuestas en campo

: . " 5 i Q/s) por Dié,"?um Dié‘nTE(m
tributaria Area (m2) Q (m3/s) Q(/s) Conduccion Bajada bajada minimo minimo
(m2) (mm)
1 1 30.00 0.001 123 Hacia At2 s 2 =

Rainwater Harvesting System: Piping Design S - T

(pulgadas)

jones para el SCALL

Distribucion de los tramos de tuberias en el proyecto ‘Gasto acumulado por tramos de tuberia de conduccion
Bajada a
Trama Tipp  comespondie acumulado
nte
Conducto 1| Aéreo -
Conducto2| Aéreo | oy 486
Conducto 3| Aéreo 853
Conducto 4| Terrestre | Mo aplica 853
Conducto 5| Terrestre | Mo aplica 853

CéLeulo del didmetro de los tramos de tuberia - INSTALACIGN PLUVIAL

Downpipe Design

Calculo del didgmetro de los tramas de tuberia - INSTALACION PLUVIAL Calculo del didmetro del colector pluvial

T T 1 A i i i
Tramo Tigo aws) Ov (cm)  Ov (pug) 2Y ProRUesto ram ipo (ifs) — @h  Areamojada  Perimetro n s
(pulgadas) propuesto (m2) {adimensional) (adimensional
Conductol  puc 123 .7 2 2 Conducto 4 pvc 853 38 33 4 0.0073 03142 0.009 4 14.959 1805 57%
Conducto 2 puc 364 100
Conducto 3 pyc 3.66 91 4 4
7.30 -
e — Voo B35 e
En resumen, se requiere: Archivo. Hemamientas  Ayuda

Trapecil | Croaier | Pariboln | Hemadura | Conceptos

- El conducto 1 un didmetre de 2 pulgadas {minimo) y una longitud de 3 m =
- El conducto 2 un dismetro de 4 pulgadas {minimo) y una longitud de 12.7 m <D
cs . - Digmetro (D) 000 m Gasto (@) 00108 =iy
- El conducto 3 un dismetro de 4 pulgadas {minimo) y una longitud de 12.8m
- Una bajada de un diametro de 4 pulgadas y una longitud de 2.5 m Penderts (5) 04 mm Gochmtnde 3005 ]
- Un registro a Ia bajada
- El conducto 4 un didmetre de & pulgadas (minimo) y una longitud de 4 m
- Un registro en la esquina Resulados
- El conducto 5 un dizmetro de 4 pulgadas (minimo) y una longitud de 60 m Teacte (1) (] 3
L oo o —
DATOS DE CAMPO Perimetro
. i} . retade () 031% "
Conducto  In Fin Longitud {m Dizmetro (pulgadas)
" dncho de 0006
He Registe  1esquina a3 4 Sapence e (T) "
Hs 1lesquina  inicio muro 23 4 Rado idcn () 00251 - 1
Veocsdad (v) 15046 i y
No. Froude (Fr) o
. P e




Rain garden design

Gutters and Downspouts

4-inch conduit to rain garden
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Grate and conduit to rain garden




Simulation Model

3 weirs, 1 rain gauge, 16 nodes, 2 outlets, 16 pipes, 3
LIDs, and 6 subbasins in the SWMM program

Rain garden design: Simulation model
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Results

Hydrograph peaks decrease by approximately 50%-54% for the 2-, 5-, 10-, and 20-year return
periods. For the 50-year return period, the reduction is around 40%.

Rain gardens are effective for infiltration and runoff retention.

Runoff Hydrographs: Natural condition (solid lines) vs. Technique IV (dotted lines) for a 60-minute storm and various return periods.
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Results

The figure shows that runoff fluctuations occur for the 20- and 50-year return periods. This is
because the rain garden becomes saturated within the first 45-60 minutes, after which water

retention ceases, allowing runoff to pass through and creating secondary peak flows that decrease
as rainfall subsides.

Runoff Hydrographs: Natural condition (solid lines) vs. Technique IV (dotted lines) for a 90-minute storm across various return periods.
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Results

For the 2-, 5-, and 10-year return periods, runoff decreases steadily.For the 20- and 50-year return
periods, fluctuations occur, indicating that the rain garden cannot retain the larger runoff volumes,
consistent with previous simulations.

Runoff Hydrographs: Natural condition (solid lines) vs. Technique IV (dotted lines) for a 120-minute storm across various return periods.

120
100

Escurrimiento (Ips)
(@)]
o

40
20
0 — -
00:00 01:12 02:24 . 03:36 04:48 06:00
Tiempo
Tr =2 afos Tr = 5 afos Tr =10 afios Tr=20af08 ====- Tr = 50 afos
Tr =2 afos Tr =5 afos Tr =10 afios Tr =20 afios Tr =50 afios




Results

Research confirms that VI techniques are recognized as sustainable and easy-to-
implement measures. They are cost-effective and show promise for urban
stormwater management by effectively controlling runoff volumes and mitigating

flood damage.

The literature indicates that factors influencing the design and construction of VI
systems vary according to regional climatic conditions, as each system must be
tailored to the desired runoff retention volume.

These findings support previous analyses using computer models for runoff
reduction.
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How to Validate Data?

Calibration.

Model calibration is the process of adjusting model parameters to match observed data,
ensuring that the model accurately represents the system or phenomenon it simulates.

Compare simulation outputs with measured system values.
Adjust model parameters, inputs, and assumptions.
Use optimization algorithms to improve accuracy.
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Calibration and parameter tuning

Calibration.

Calibration is the process of adjusting model parameters to match observed data,
ensuring that the model accurately represents the system or phenomenon being
simulated.

Compare simulation outputs with measured system values.
Adjust model parameters, inputs, and assumptions.
Apply optimization algorithms to improve accuracy.
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Calibration and parameter tuning

Design Parameters for the 3 Units (IMTA, 2021) 4

3.607
04/08/202318:00  EMie 32
04/08/202318:10  kJey

04/08/202318:20 [P :
04/08/202318:30  [¢
04/08/202318:40 [kl
04/08/202318:50  [uNl
04/08/202319:00 [0kl
04/08/202319:10  [ofcluil
04/08/202319:20 [kl
04/08/202319:30 [
04/08/202319:40  [ok i
04/08/202319:50  [uNl

04/08/202320:00  [ok 0.5
04/08/202320:10  [Ufelil

04/08/202320:20  [ok 0
04/08/202320:30 [

04/08/202320:40 [0k

04/08/202320:50  [d

04/08/202321:00 |6

04/08/2023 21:10 0
04/08/2023 21:20 0.1
04/08/2023 21:30 0

)
ol

1.60

Precipitation (mm)
=
ol N

S
[

04/08/2023 19:12
04/08/2023 19:40
04/08/2023 20:09
04/08/2023 20:38
04/08/2023 21:07
04/08/2023 21:36 o
04/08/2023 22:04

™
=
@
—
™
I
o
N
~
o
o
=4
=
o

04/08/2023 17:45
04/08/2023 18:14

. . . Tiempo (Dia - Hora)
Precipitation: 8.81 mm over 3 hours

2025

Ano d(—.:
La Mujer
Indigena

Rainfall Hyetograph: August 4, 2023




Calibration and parameter tuning

Scenario: August 4, 2023

X _ F Y. 9 A——

i by Profile: Node 162.87611 - J1.000197 - mx

Water Elevation Profile: Node J62.87611 - J1.000197

1000197
327578
JI7 74054
23 02938
3312233
J38 0372

J43038

JST BN
82 87611

Elevation {m)
[
-

30 25 20 15 10 5 0

08/04/2023 18:40.00

Rain garden profile

Spillway in SC2

The hydraulic model indicates a water height of 21 cm at the spillway in SC2.The water
footprint extends approximately 10 meters.
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Calibration and parameter tuning

Scenario: August 4, 2023

——— Subcatchment SC2 Runoff (LPS)

04

Runoff (LPS)

20 25 30
Elapsed Time (hours)

0.0

SC1_4 Basin Flow Discharge SC1_4 Discharge Pipe

Runoff from the SC1_4 basin reaches the basin through a 4-inch pipe, with a very small flow rate and pipe
depth of less than 2 cm.
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Calibration and parameter tuning

Scenario: August 4, 2023

— Link §Flow (LPS) = Link5 Depth (m)

o 5 10 15 20 % 30 3% a0 a5
Elapsed Time (hours)

Wt ! ; Sl
Discharge from the 6-inch SC1-2 pipeline Discharge rate from the SC1-2 pipeline

The discharge from SC1-2 had a flow height of 0.02 m and a flow rate of 0.87 I/s during the May rain event.
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Calibration and parameter tuning

Scenario: August 14, 2023
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Calibration and parameter tuning

Scenario: August 14, 2023

bt{PnﬂiﬂhlE]ﬁmﬁllfJlelW - B

Water Elevation Profile: Node J62.87611 - J1.000197

J1.00087
J13.27578
J17 74054
J23.02038
J33.12233
J38.0372
J43.038
J57.ETIN
JB2.87E11

1,364
13538
1,3538
1,363.4
1,353.2

1,363
13528
1,3526
13524
1,352.2

1,352
1,351.8
13616
13514
1,361.2

1,351
1,350.9
1,350.6
1,350.4
1,350.2

1,350
1,342.9
13496
1,349.4
1,349.2

1,349

Elevation (m)

66 &0 55 50 45 40 35 330 25 20 18 10 b 0
Distance (m)

08/14/2023 18:05:00

Event: August 14, 2023
Results:
* First spillway: peak water level of 0.18 m

2025 » Second spillway: peak water level of 0.01 m
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Calibration and parameter tuning

Scenario: August 14, 2023

— Link 5Flow (LPS) — Link 5 Depth (m)

0.3

06

04

02

00

30
Elapsed Time (hours)

Flow Discharge from 4-Inch Pipeline to the LID - August 14,

2023 Pipeline: Collecting flows from the SC1-4 subbasin
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% 2025 The pipeline depth was less than 1 cm, indicating very low flow rates.
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Calibration and parameter tuning

Scenario: August 14, 2023

Flow Discharge from 6-Inch Pipeline to Discharge rate of the SC-2 subbasin.
the LID - August 14, 2023
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% 2025 Observations: Peak flow of 0.32 L/s occurs at the time of maximum rainfall in the hyetograph.
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Calibration and parameter tuning

Results

Difference between field measurements and the
numerical model

Rainfall Total pp : Relative
(mm) Field HIe error
H. Weir SC2 H. Weir SC2
(cm) (cm) SC2 (%)
04/08/2023 8.81 18 21 9.52
14/08/2023 6.63 15 18 11.11
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Results and Conclusions

The established relative error (RE) indicates a confidence level of 85%, meaning that the
results are within acceptable limits. Therefore, the hydraulic model can be considered
calibrated and will be used for simulating scenarios across different return periods.

A summary of this section highlights the sensitivity of the first spillway in SC2, which
provides the greatest flow retention in the basin. Consequently, floods with higher
precipitation require proper maintenance to ensure optimal retention capacity.

It is important to note that there is currently no continuous monitoring system for LID
parameters, such as temperature, precipitation, relative humidity, and evaporation.
According to IMTA (2020), the approximate cost of implementing such monitoring is
71,174.70 Mexican pesos (exchange rate as of November 2020).

Therefore, ongoing data collection for future rainfall events will be crucial to evaluate
the LID’s performance over time.
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