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Today, >50% of people live in cities globally

... by 2050 we can expect this number to be 66%
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Integrated environmental management for
sustainable cities
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Site Scale

Plot Scale

Where do we start?
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Site Scale Plot Scale City Scale

Data-driven approaches to environmental
Mmanagement

Site to plot scale City to regional scale
* How do we understand * How do we understand large
environmental processes? scale processes?

Geospatial land cover analysis

Field data driven numerical
models

e Soil assessments
* Hydrologic monitoring/

meaéurement.s | * Geospatial and statistical modeling
* Physico-chemical sampling * Incidence monitoring of vector-
* Impacts of disturbance (e.g., borne diseases and affiliated

humans in cities) vector abundance



Site Scale Plot Scale City Scale

What is my approach? Both!

1. Understand variation between urban soil hydrological measurements
and hydrological parameter estimation techniques

2. The EPA National Stormwater Calculator and soil hydrology

3. Develop a framework that aims for interdisciplinary planning of urban
multi-functional green infrastructure projects

4. Integrating public health into water resources management by modeling
eco-hydrological impacts on mosquito borne disease incidence

5. Assessment of black carbon in urban soils and its role in expanding the
types of ecosystem services generated from green infrastructure

6. Understand urban soil in a larger sense — vertical structure, carbon
stocks, hydrology, ecosystem services



Site Scale Plot Scale City Scale

Detroit, Ml Cleveland, OH Portland, ME }

Understanding
urban soil hydrology | .=

0 20 40km 0 15 30 km 0 510 km

g >4OO S ites L | 83% mapped (I)_Z|0_4|0 e 67% mapped| | L1 68% mapped| | [, | - 92% mapped
Omaha, NE N Philadephia, PA - Camden, NJ
e 12 cities . A

e A4+ infiltration

0 510 km : : A # e 0 20 40
. Ll 35% mapped =X o D I SR Iy s e 62% d
measurements per site : Sl S e
Phoenix, AZ RIS S AR R o Cincinnati, OH .
* 2+drainage incividual Cty Maps |
. [ Hydrology Mapped =
measureme nts pe rs Ite =  Hydrology Unmapped == Urban Areas
0 15 30 km . E | Water 053?5851 e 0 12525 km 7 ’
1 L | 97 ed i i ’ Lt | 77 d
Y Com pa rlson Of measu red o mappe @ EPA Soils Assessment Sit kM o mappe
. Majuro, RMI New Orleans, LA Atlanta, GA . San Jua, PR
data to model-predicted "L .
. ) S [ -ﬁ‘\',. 2K a i .,;?:" L : M
values 2500 A |
0 k/n peatF = 0 10 20 km 0 25 50k = 0 10 20km
L 73% mapped| | L——1 83% mapped L 89% mapped| | LI 82% mapped
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Three common tools usec

Site Scale

in soil hydrology

USDA Rosetta

 Uses pedotransfer functions

* Integrated into HYDRUS
modeling software

SSURGO WebSoilSurvey

* National soil survey datasets

* Integrated into many surface
water models

National Stormwater EPA
Calculator

 Uses interpolation of SSURGO
data for simulation
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Tables — Saturated Hydraulic Conductivity (Ksat) — Summai

Summary by Map Unit — Cumberland County and Part of Oxf(

Map unit name

Au Gres loamy sand
Belgrade very fine sandy loam, 0 to 8 percent slopes

Belgrade very fine sandy loam, 8 to 15 percent slopes,
eroded

Biddeford mucky peat, 0 to 3 percent slopes
Lamoine silt loam, 2 to 8 percent slopes

Buxton silt loam, & to 15 percent slopes
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Site Scale Plot Scale City Scale

Which is the best? ... hard to tell
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Site Scale Plot Scale City Scale

A closer look at Soil Hydrology in the EPA
National Stormwater Calculator
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12 8 8
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Schifman et al. (in revision, Journal of the American Water Resources Association)



Site Scale Plot Scale

A closer look at Soil Hydrology in the EPA

National Stormwater Calculator

Location

Tacoma, WA

City Scale

San Juan, PR
Portland, ME
Phoenix, AZ
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-4.70 (-6.29,-3.12)
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Schifman et al. (in revision, Journal of the American Water Resources Association)



Site Scale Plot Scale City Scale

EPA National Stormwater 1001
Calculator and soil hydrology 235 Interaction with
" 156 pre-existing soil

Case study in Watkinsville, GA . : /

Soil hydrology
PermeableA

is important

 Depending on the LID feature chosen,
soil hydrology drives runoff
characteristics
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Schifman et al. (in revision, Journal of the American Water Resources Association)



Site Scale Plot Scale City Scale

Stormwater management Er
What about other ecosystem services?

* Sustainable cities are about more than just Main
stormwater regulat|0n organization

leading the
project

W

Minor

Contributors

B Organization type 1
Organization type 2
[ ]

Organization type 3

* How do we integrate multifunctionality in
green infrastructure?

. . . . . » Y Supporting
e Cultural, provisioning, supporting services g

organizations

Organizational Nautilus

Major

* Situating Gl vs. Siting Gl

* The nexus of several contexts defines the
placement and design of a Gl installation.

* Assumes multiple functions of the system interact
synergistically in sharing a physical place.

* Siting uses hydrologic objectives only.

Theme type 1
Theme type 2
Theme type 3

Themed Nautilus

il

Theme type 4

Schifman et al. (in revision, Water Resources Research)



Site Scale Plot Scale

City Scale

The Chambered Nautilus and Situating Gl

* |dentifies key organizations and
supporting partners

* Interdisciplinary organizational
structure

* Multiple objectives in green
space usage

* Temporal variation in
organizational structure and
project objectives

Organizational Nautilus

Ecosystem Services Nautilus

Phase 1
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Phase 2
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Federal Research Agency

Public Utility

Community Development Corporation
Regional Agency

University Research

Non-profit Organization

Federal Agency

None

Regulating
Supporting
Cultural
Provisioning
None

Schifman et al. (in revision, Water Resources Research)



Site Scale Plot Scale City Scale

Black Carbon and g _

Green Infrastructure ok s
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anthropogenic landscape level "
characteristics “

* Air permits

s

* Average annual daily traffic N
e City “greenness” A NG f ———

. Chara.ct.erlstlcs of BQ can be v | | m Urban Area
beneficial to adsorbing A Black Carbon (mg/g)
contaminants-filtration in d 52
passive green infrastructure on a B Horizon 1

city-level scale PlcHOIRES s | | [l Horizon 2




Site Scale Plot Scale City Scale

Integrating public health into water resources
management: New Orleans, LA and Caguas, PR

e Public health is usually not included as a

Hydro-Ecology  Socio-Economics

cultural ecosystem service

* Linkages between mosquito-borne disease
outbreaks and standing water suggest we

should consider a public health-water

management nexus

Q\)\3\'\c Hea/, %
Mosquito presence
Oviposition suitability
Human exposure
Disease incidence
Mosquito dispersal

Soil-hydrology

= Ponding
= Shade
= Bare soil for

oviposition

= Proximity to water
= High precipitation
= |mperviousness

= @Gl Connectivity

= |Infiltration
= Drainage

» Habitat for predators =
= Awareness/ education

and natural enemies

= Lowincome
= |Low awareness and

education

= Waste accumulation
= Vacancy
= Housing density

= Gl Management

= Mosquito

management
High income

Vegetation cover Housing density

Landscape elevation ~ Per capita income * Evapotranspiration = Waste disposal
Imperviousness Neighborhood age = Ownership 2
Microclimate Social inequality = Social Connectivity
Urban morphology Vacancy \(‘?

o
%dfO-Eco\O@ Socio-EcO®



Site Scale Plot Scale City Scale

Integrated Management for Sustainable Cities

* Understanding urban environmental science for sustainable city
management takes an interdisciplinary approach

* Problems can be addressed at various scales

* Site level processes need to be understood to make inferences on
larger scale impacts
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