
CUENCA DE RALENTIZACIÓN DE ARROYOS
Cursos de agua que fluyen a lo largo de lechos estrechos mientras van 
perdiendo velocidad (Department of Ecology Publication. Voigt B.).
Paisaje cuya morfología permite ralentizar los cursos de agua y atrapar los 
sedimentos y el material organico disueltos en ella.

DUNA DE REPOSICIÓN 
Una estructura dunar situada en estuarios, areas marinas y costeras 
que permite la conectividad entre el océano y las marismas saladas. La 
implantación de este tipo de dunas conduce a la disipación de los gradientes 
de salinidad y los flujos de nutrientes.

RESERVAS DE AGUA DE TORMENTA
Se trata de un área situada a lo largo de la costa compuesta por humedales 
y cuencas de arroyos donde el desarrollo urbanístico está restringido o 
prohibido. La principal función de estas reservas es la protección física 
y separación de un arroyo, lago, humedal o marisma frente a un entorno 
urbano en caso de una posible perturbación climática o evento catastrófico 
como tormentas o huracanes.
A través de un diseño apropiado, estas reservas pueden proveer una 
adecuada gestión del agua proveniente de las tormentas actuando como 
una servidumbre prioritaria para la canalización del agua en caso de 
inundación además de garantizar la integridad de los ecosistemas y habitats 
en los aroyos y marismas. Tecnicamente, estas reservas suponen un área de 
conservación que funciona como una parte integral del ecosistema acuático 
y que se superpone con otros usos como el de parque o bosque urbano 
(Stormwater Center).

CUENCA DE DRENAJE DE AGUA DE TORMENTA
Depresions o cuencas poco profundas utilizadas para ralentizar y tratar in 
situ la escorrentía del agua de tormenta. El agua de las tormentas es dirigida 
hacia la cuenca y filtrada a traves del sistema donde es tratada por medio 
de procesos físicos, químicos y biológicos. El agua ralentizada y limpia hace 
posible su infiltración en suelos nativos o puede también ser reconducida 
a traves de sistemas de drenaje hacia ríos, mares u otras masas de agua 
receptoras similares (Lake Superior Duluth, 2005).  

ANEGADO - CANAL DE INUNDACIÓN 
El material de la superficie de playas u otras barreras costeras, por su 
escasa cohexión es altamente susceptible de ser lavado o removido por el 
azote de olas excepcionalmente fuertes. De esta manera la superficie de 
estas barreras costeras acaban reconformandose con la expansión de este 
material tierra adentro (Schwartz, 2005).
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BASADAS EN PROCESOS NATURALES
El proceso de implantación de herramientas basadas en procesos naturales 
comienza con su diseño por parte del hombre, su mejora por medio de la 
ingeniería, su construcción y su localización en el entorno. Pero esto es 
solo el primer paso para alcanzar su completo funcionamiento en el medio 
a través de la interacción con los porcesos naturales para jugar un papel 
relevante en problemas específicos como la gestión de inundaciones.
Estas estructuras reaccionan ante los mismos procesos físicos, biológicos, 
geológicos y químicos que operan en la naturaleza. Como resultado, 
generalmente necesitan cierto nivel de mantenimiento de cara a garantizar 
los servicios que han de proveer.
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ARRECIFES ARTIFICIALES 
Un arrecife artificial es una estructura realizada por el hombre que puede 
imitar algunas de las características y funciones de un arrecife natural 
(NOAA).

BERMA
Plataforma lineal poco pronunciada sobre el terreno con origen natural 
o construida y establecida intencionadamente en la base de un dique o 
dispuesto en el litoral a lo largo de la costa.

ROMPEOLAS EXPUESTOS/INTERMAREALES/INFRAMAREALES
Estructura construida con elementos naturales como moluscos u ostras, o 
con materiales duros cuyo diseño morfológico es capaz de catalizar ciertas 
mejoras en los habitats naturales. Su construcción tiene lugar en el mar 
con el objetivo de reducir drasticamente la acción de las olas extendiendo el 
gradiente de protección a lo ancho de la banda costera, así como el de servir 
como refugio a agunas especies que habitan el entorno litoral próximo a la 
costa.

JARDÍN DE BIORRETENCIÓN
Un jardín de biorretención es una depresión poco pronunciada donde se 
plantan diferentes tipos de vegetación y que está diseñada para retener o 
parar las escorrentías provenientes de las tormentas antes de que el agua 
que contienen se infiltre o descarge aguas abajo. 
Las cuencas de biorretención sirven al mismo propósito pero en términos 
técnicos son proyectos complejos que se extienden a áreas comunes de 
grandes comunidades  así como también tienen aplicaciones no residenciales 
(University of Florida, 2008).



BERMA CON BIODRENAJE  
Los elementos estructurantes utilizados para el diseño del paisaje tienen la 
capacidad de ralentizar, recoger, infiltrar y filtrar el agua proveniente de las 
tormentas. Los bio-drenajes están diseñados para gestionar una cantidad 
especifica de agua proveniente de extensas áreas de suelo impermeabilizado, 
como playas de aparcamiento o carreteras. Debido a que necesitan recoger 
grandes cantidades de agua de tormenta, normalmente requieren suelos 
diseñados desde el campo de la ingeniería generalmente más profundos 
que los de un jardín de biorretención.
Una berma con biodrenaje es también un sistéma lineal que trabaja 
mejor distribuyendo el agua longitudinalmente. Como los jardines de 
biorretención, también cuentan con plantas creciendo en su superficie que 
tienen la capacidad de sobrevivir tanto en suelos muy cargado de agua como 
en situaciones de sequía severa (Soil Science Society of America, 2017).

JARDÍN COMUNITARIO
Cualquier pieza del territorio, de titularidad pública o privada, donde un grupo 
de individuos invierte su tiempo en el mantenimiento y crecimiento de las 
plantas que en ella se encuentran. Los jardines comunitarios pueden  acoger 
labores de horticultura para el consumo de la comunidad o para la venta, 
asumiendo un papel productivo, pero también pueden asumir únicamente 
funciones mas sencillas como el embellecimiento de la comunidad o bién 
servir a propósitos educacionales y divulgativos (Public Health Law Center, 2012).

HUMEDALES Y MARISMAS ARTIFICIALES 
Humedales diseñados y generados por el hombre en un área originalmente 
seca (Christensen, 2005).

DISPOSITIVOS DE CONTROL DE AVULSIONES
Estructura o pieza de territorio diseñada especificamente para servir de 
barrera o cambiar el curso de una masa de agua. Este tipo de elementos 
de paisaje permiten además un preciso control de descarga desde la masa 
de agua  a terrenos inferiores controlando las futuras avenidas y corrientes 
de agua así como los procesos biológicos y físicos que éstas puedan 
desencadenar.

INFRAESTRUCTURAS DE DISPERSIÓN
Dispositivos que permiten cambiar el curso natural de una corriente de agua. 
En los términos de la recuperación costera normalmente se concretan en 
proyectos de canalización, conducción o entubado de los recursos hídricos  
para ser transportados hacia el área donde interesa depositarlos (Watson; 
Adams, 2011).
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DISPOSITIVOS DE DEPÓSITO DEL SEDIMENTO DRAGADO
Diferentes elementos que permiten la adesión y fijado del material extraido 
del fondo marino que es depositado sobre las playas de la banda costera.

CONSOLIDACIÓN DE HUMEDALES DRAGADOS
Técnica de recuperación de marismas que establece la necesidad de 
rellenar la red de canales abierta mediante el dragado de humedales para 
la expotación industrial de los mismos. Esta necesidad aparece una vez 
demostrada la debilidad propia de una zona de marismas horadada, en la 
que una intrincada red de canales dispara los rátios de pérdida de terreno 
debido a la erosión que produce la acción del oleaje, las mareas y las 
tormentas y huracanes (J. J. Baustian; Turner, 2006).

RED VERDE ELEVADA 
Red o entramado de infrastructuras verdes que se eleva por encima del 
nivel que se espera que el mar alcance progresivamente debido al efecto 
del calentamiento global en los polos. Esta red puede componerse a partir 
de  nuevos diques conformados con el terreno o reutilizando las plataformas 
lineales de elementos viários ahora en desuso como antiguas carreteras, 
caminos o vías de tren. Es una aproximación resiliente que protege a las 
comunidades de la subida del nivel del mar pero también hace posible 
la gestión de los impactos de eventos climáticos excepcionales como 
tormentas y huracanes, aportando además otros beneficios y ventajas a las 
comunidades.

ISLAS FLOTANTES 
Se trata de elementos con un espesor variable entre unos pocos centímetros  
hasta más de medio metro, cuyo diseño es capaz de alojar y mantener a 
flote una mezcla de sustrato compuesto por lodos y turba, similar al que 
encontramos en los lechos de las grandes masas de agua y que permite 
el crecimiento de diversas especies de plantas acuáticas. Este tipo de islas 
son un fenómeno común que podemos encontrar en muchas partes del 
mundo cuando algunas especies de algas o plantas acuaticas colonizan 
un elemento flotante. Sin embargo son más difíciles de encontrar como 
fenómeno diseñado por el hombre. Existen en marismas, lagos y áreas 
húmedas similares.

AZOTEAS VERDES 
Sistema de capas de vegetación, retención de agua, filtrado y drenaje que 
son instaladas en la superficie superior de algunos edificios haciendola 
capaz de albergar los procesos que tienen lugar en las capas superficiales 
de un jardín sin que esto afecte a la integridad del inmueble. Las azoteas 
verdes persiguen diferentes motivos: conseguir espacios comunitarios, 
añadir valor a la propiedad o ganar beneficios medioambientales tales 
como capturar y almacenar agua, poveer refugio a la fauna, mejorar las 
condiciones de aislamiento térmico, etc. (Growing Green Guide). 
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RESERVA DE PENDIENTES SUAVES
Plataforma que se sirve de leves pendientes diseñadas con materiales 
permeables cuyo objetivo es dotar de mayores niveles de protección a la 
línea costera frente a los embates de un creciente nivel del mar. Además da 
cabida a muchos otros usos como nuevos habitats, áreas recreacionales, 
etc. y ofrece beneficios añadidos como mejora de los impactos visuales 
y mejora de los servicios que proveen ciertos ecosistemas en correcto 
funcionamiento.

DISPOSITIVOS DE DESBORDAMIENTO - REBOSADEROS
Dispositivos situados en el borde de una depresión que contiene una masa 
de agua diseñados para permitir el derrame de un cierto exceso de agua 
sobre su superficie cuando el nivel de la masa de agua excede el nivel de 
dicho borde.

RED DE MICROCAPTACIÓN  
Trampas para el fijado del sedimento permanentemente sumergidas.

PARQUE 
Cualquier pieza del territorio, de titularidad pública o privada, reservada 
para fines recreativos, educacionales, escénicos o esteticos o bien para la 
preservación de espacios abiertos con vegetación que sirven de elemento 
cohesionador para otro tipo de espacios dotacionales. Su estructura 
paisajística suele ser el resultado de un proceso de diseño que persique 
la utilidad de su superficie para el desarrollo de diversas actividades 
(Christensen, 2005).

BERMA PARQUE
Este tipo de berma no solo sirve como sistéma lineal que contiene el agua 
longitudinalmente sino que además juega un importante papel como 
espacio verde dentro del entorno urbano asumiendo funciones recreativas, 
educacionales, culturales, escénicas y estéticas además de ayudar a la 
preservación de espacios abiertos con vegetación que sirven de elemento 
cohesionador para otro tipo de espacios dotacionales, como lo haría un 
parque.

JARDINES DE CAPTACIÓN DE AGUA DE LLUVIA 
Áreas deprimidas geográficamente diseñadas para albergar especies 
perennes y vegetación nativa y capaces de captar y almacenar el agua 
proveniente de las tormentas y lluvias para disponer de ella posteriormente.
Estos jardines se localizan estrategicamente para recoger el agua 
proveniente de superficies impermeables como tejados y calzadas (USDA US 
Department of Agriculture. Natural Resources Conservation Service, 2005).
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REFUERZO DE MARISMAS
Generando reservas de material sedimentario y mejorando los ciclos de 
depósito sedimentario en marismas saladas situadas en áreas intermareales 
se equilibra el ratio de crecimiento de las marismas frente al ratio de subida 
del nivel del mar.

SUPERFICIES DE CONTENCIÓN DEL OLEAJE
Puede tratarse del acabado superficial de un dique o terraplén para evitar 
su erosión y colapso (Christensen, 2005).
Cara de piedra u hormigón que protege un dique, terraplén o estructura 
costera de la erosión que llevan a cabo el oleaje o las corrientes. Superficie 
de contención, generalmente en pendiente (Watson; Adams, 2011).

BARRERA CONTRA LA SALINIDAD 
Dispositivo de control de la salinidad proveniente de los flujos intermareales 
resultado de la combinación de un dique neumático situado sobre una 
berma de grava en el lecho de un río. Su objetivo es una constricción del 
flujo de agua salada que avanza por debajo del curso de agua dulce del río.

MOTOR DE ARENA
Nueva estrategia de mantenimiento costera cuyo diseño utiliza el poder del 
viento, las olas y las corrientes para ayudar a proteger parte de la costa 
de Holanda. Su funcionamiento mejora el desarrollo de nuevos sistemas 
dunares y ofrece nuevos espacios para la fauna y la flora asociadas a ellos 
(Ecoshape; TU Delft, 2014).

FILTROS DE ARENA
Filtros utilizados para la purificación de agua que consisten en una serie de 
capas de arena dispuestas de modo que generen superficies rugosas cuya 
textura se incrementa aguas abajo (Aird, 2017).

ESTRUCTURAS DE CAPTACIÓN DEL SEDIMENTO
Dispositivo instalado in situ para capturar partículas erosionadas que han 
sido lavadas del terreno por las tormentas y las lluvias. Es una herramienta 
de control del sedimento que puede usarse para diversos propósitos tales 
como la protección de la calidad del agua o para generar nuevas áreas de 
terreno. 

MEJORAS INFRAMAREALES
En términos de recuperación costera, la acción de mejora de habitats 
inframareales a traves de modificaciones en la batimetría y las condiciones 
biológicas con estructuras y procesos que tienen lugar en el medio.

CANAL DE ALIVIO DE ALTO OLEAJE
Canal profundo realizado en la cara de barlovento de una barrera frente al 
oleaje que permite evacuar el exceso de agua de un lado al otro de la misma 
dismminuyendo la presión y la altura del oleaje (NOAA, 2014).
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LÍMITE ATERRAZADO
Es una superficie relativamente plana, horizontal y ligeramente inclinada 
situada en el punto de contacto con el mar sobre la plataforma de abrasión  
que ha sido ligeramente elevada sobre el plano de actividad del oleaje.

CALLES VERDES
Las calles verdes o con vegetación utilizan infraestructuras para la captación 
del agua proveniente de las tormentas o nevadas y son capaces de gestionar 
sus escorrentías permitiendo la infiltración de las mismas en el terreno, 
filtrando contaminantes como los hidrocarburos. Estas calles reducen los 
efectos de las escorrentías dotando a los vecindarios de los beneficios que 
traen consigo la continuidad de los habitats y la mejora de ecosistemas.

ÁREA DE RETENCIÓN DE AGUA
Dispositivo permanentemente lleno de agua que fluctúa en respuesta a las 
precipitaciones y escorrentías de áreas impermeables próximas (Laramie 
Country Conservation District).

ESTRUCTURALES
Medidas que pueden ser rediseñadas en etapas posteriores para reducir 
la erosión costera o los riesgos asociados a la acción del oleaje y las 
inundaciones. Las estructuras tradicionales incuyen diques, puertas barrera 
contra el alto oleaje de las tormentas, rompeolas, muros de contención, 
superficies de contención del oleaje, etc. El propósito de diques, muros y 
puertas barrera es el de prevenir y reducir las inundaciones, mientras que 
los rompeolas y superficies de contención tienen el objetivo de reducir la 
erosión costera.

MURO BÁSICO 
Herramienta de defensa costera estática construida frente al mar. Protege 
áreas residenciales, áreas recreacionales o de conservación de la acción de 
las mareas y el oleaje. 

MURO PANTALLA
Estructura que incluye una superficie de contención del oleaje e hileras de 
tablestacas de acero y que separan el terreno del agua para establecer una 
línea costera construida y permanente que no se erosiona.
Estructura o serie de divisiones de la orilla, pendiente suave o escarpada 
para retener o prevenir un potencial desprendimiento del terreno (Christensen, 
2005).
WMuro o estructura realizada en madera, acero, piedra u hormigón 
diseñada para retener o prevenir desprendimiento o erosión del terreno. 
Ocasionalmente se utilizan para proteger contra la acción del oleaje (Watson; 
Adams, 2011).
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REALINEAMIENTO DE UN CANAL
Construcción de un nuevo canal orientado a traves de un territorio que 
anteriormente lo contenia. La selección del nuevo trazado es crítica a la 
hora de determinar los costes y el tiempo de ejecución. 

BANCADA CONTINUA 
Límite rocoso, terraza o plataforma plana o ligeramente inclinado de 
5 a 50 metros de ancho con bancales tanto tierra adentro como hacia el 
mar. Una bancada estructural coincide en su nivel superior con el de 
los afloramientos rocosos donde acaba la zona de inundación y recoge 
los mareriales que han sido removidos por la erosión. Una bancada de 
erosión se nivelaba tradicionalmente por medio del labrado y cultivo de su 
superficie, generalmente originada a partir de material erosionado. Una 
bancada situada entre el nivel superior e inferior de las mareas se denomina 
plataforma costera (Schwartz, 2005).
 
MURO DESPLEGABLE
Muros modulares listos para abatirse y hacer frente a posibles inundaciones.  
Cuando no está en uso el muro queda suspendido como si de un techo 
técnico se tratara, pudiendo ser decorado o iluminado.

ANILLO DE DIQUES
Un muro es una forma básica de protección costera. Es interesante su uso 
para la realización de anillos o espacios de compartimentación que podrían 
establecer diferentes niveles de seguridad frente a un posible evento 
climático adverso. 

DISPOSITIVOS DE DRENAJE 
Receptores para la recolección de agua superficial en acequias y canaletas 
que sirven como mecanismo de filtrado de grandes elementos arrastrados 
por el agua (Definedterm).

SIFÓN DE DRAGADO 
Dispositivo utilizado para conducir el material sedimentario acumulado 
en el lecho de masas de agua tales como lagos, arrollos y ríos. Estos 
sistemas emplean generalmente una velocidad de bombeo elevada de 
gran aceleración y caudal a traves de conductos que descargan el material 
en zonas deprimidas geográficamente generando nuevas marismas y 
humedales.

ESPIGÓN
Estructura estrecha construida perpendicularmente a la línea costera para 
reducir las corrientes a lo largo de la costa y/o atrapar y retener el material 
de la plataforma costera. La mayoría se realizan en madera o roca (Watson; 
Adams, 2011).
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MUELLE
Estructura realizada en piedra u hormigón que se extiende mar adentro para  
proteger un puerto o zona de atraque de la acción del oleaje (Chen, 2010).

INCREMENTO DE PROFUNDIDAD EN UN CANAL
El principal objetivo es el de mantenimiento de la capacidad del canal para 
asegurar la adecuada evacuación de avenidas e inundaciones. Los ríos 
son dragados habitualmente para proveer además una ruta segura para el 
transporte de mercancías y la navegación a lo largo del curso fluvial.

CORREDOR TIERRA-MAR
Espacio abierto que incluye parques costeros, paseos marítimos, corredores 
de acceso, etc. Funciona como una barrera costera y define la banda costera 
limítrofe con el territorio y el litoral.

ELEVACIÓN DE CALLES Y TERRENO 
Los diques de terreno arcilloso protegen los territorios bajos de las posibles 
inundaciones provocadas por las avenidas de los ríos o por la subida del 
nivel del mar. Este tipo de elevaciones se realizan en infraestructuras tales 
como aeropuertos, carreteras o líneas de ferrocarril.

DIQUE 
Montículo dispuesto a lo largo de la orilla de un río como resultado de las 
inundaciones provocadas por avenidas periódicas. 
Elemento de contención de las aguas de riego.
Punto de atraque para barcos en un río.
Cualquier barrera realizada por medio de movimiento de tierras construida 
por el hombre para prevenir los efectos de las inundaciones. Normalmente 
se realizan a partir de terrenos arcillosos y su objetivo es el de contener, 
controlar o dirigir la corriente de un río o la súbita subida del nivel de una 
masa de agua con el fin de proteger propiedades y vidas (Christensen, 2005).
Estructuras realizadas a partir de terrenos arcillosos contruidas para 
contener periódicas avenidas provenientes de un sistema fluvial en un área 
especifica de la llanura de inundación (USACE, 2008).

ALIVIADERO MULTI-ALTURA
Los aliviaderos son estructuras que pueden formar parte de un dique o 
situarse en la parte posterior de uno. Su uso se hace efectivo cuando el 
espacio de reserva de una masa de agua está lleno, entonces el agua rebosa 
sobre la superficie de los aliviaderos, o a traves de ellos, de manera segura 
y controlada (The British Dam Society, 2010).

REALINEAMIENTO DE UN RÍO
Proceso deliberado de enderezamiento de un río. Puede adaptarse a terrenos 
mas áltos utilizando su cota como línea de defensa, evitando los costes de 
mantenimiento de los diques de la ruta original. De este modo se reduce la 
altura en muros y diques (Esteves, 2014).
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ESCLUSAS DE SEGURIDAD
Serie de compuertas que controlan los niveles en los ríos y canales. 
Son dispositivos de control y gestión del caudal de agua, inundaciones y 
navegación (UK Environtment Agency).

ROMPEOLAS O DIQUE MARINO 
Muro o dique destinado a detener el oleaje en una masa de agua (Christensen, 
2005).

PASEO MARÍTIMO
Bulevar o espacio público que desplaza la línea de protección costera hacia 
el mar y que incluye elementos dotacionales para el paseo y la realización 
de actividades recreativas.

TANQUE SÉPTICO
Contenedor que recibe descargas de aguas resuduales y permite en su 
interior la decantación de solidos en suspensión, la digestión del material 
depositado y la descarga e infiltración del fluido resultante en el medio 
(Christensen, 2005).

COMPUERTAS DE PLEAMAR INTELIGENTES
Compuertas que utilizan dospositivos flotantes que la mantienen abierta 
hasta que el agua alcanza un determinado nivel para cerrarse posteriormente. 
Esto mantiene un intercambio de agua que se alarga en el tiempo entre dos 
masas de agua permitiendo el movimiento de las especies de la una a la 
otra (NOAA, 2014).

DRENAJE DE TORMENTA
Un drenaje de tormenta, alcantarillado de tormenta o alcantarillado de 
drenaje de agua superficial está diseñado para evacuar el exceso de agua de 
lluvia acumulada en superficies impermeables como calles pavimentadas, 
playas de aparcamientos, aceras o tejados. Este tipo de alcantarillado 
varía su diseño en función del espacio al que sirve, desde pequeñas áreas 
residenciales a extensos sistemas municipales.

BARRERA DE ALTO OLEAJE 
Estructura mecanizada cuya principal función es la de prevenir episodios de 
inundación costera. Forman parte de proyectos de defensa costera a gran 
escala y son capaces de proteger espacios intermareales, rios y esturarios 
del alto oleaje proveniente de tormentas (ClimateTechWiki).

COMPUERTAS OSCILANTES
Compuertas que se despliegan como barrera cuando el nivel de la masa de 
agua aumenta (Teifi Rivers Trust Ymddiriedolaeth Afonydd Teifi).
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COMPUERTAS DE PLEAMAR 
Dispositivo de control del flujo acuático entre un area intermareal y una 
masa de agua cercada por un sistema de diques. Este tipo de compuertas 
se sitúan oscilantes en canales que conectan estas dos áreas y cuentan con 
un mecanismo de control que controla cuando y donde se abre la compuerta 
para permitir la corriente en cualquier dirección (Molnar, 2016).

NO ESTRUCTURALES
Las medidas no estructurales que complementan, completan o sustituyen 
parcialmente a las medidas estructurales incuyen modificaciones en las 
políticas públicas, prácticas de gestión, políticas regulatorias y políticas 
recaudatorias. Esencialmente consisten en una serie de políticas tanto 
físicas como programáticas diseñadas a la medida de las necesidades de 
una comunidad y al nivel de riesgo en el que se sitúa con el objetivo de reducir 
este riesgo y mejorar la resiliencia costera. Adquisición o recolocación de 
estructuras, estructuras contra inundaciones, implementación de sistemas 
de alarma de inundación, protocolos de preparación para inundaciones, 
establecimiento y regulación de usos de suelo, desarrollo de restricciones en 
áreas altamente amenazadas por las inundaciones y planes de educación y 
concienciación son algunas de estas medidas clave. Este tipo de programas 
buscan evitar un desarrollo inconsciente y ayudar a los habitantes a 
prepararse contra las inundaciones.

DOTACIONES 
CULTURALES Y 
RECREATIVAS

POLÍTICAS DE 
COHESIÓN DE LA 
COMUNIDAD

CADENA 
LOGÍSTICA DE 
EMERGENCIA
MARÍTIMA

NUEVOS PUESTOS 
DE TRABAJO 
ASOCIADOS A 
INFRAESTRUCTURAS 
RESILIENTES

MEJORA DEL 
TRANSPORTE 
PÚBLICO

DESARROLLO 
URBANÍSTICO 
RESIDENCIAL

RESILIENCE

PROGRAMAS 
EDUCATIVOS EN 
RESILIENCIA

POLÍTICAS 
ESTRATÉGICAS 
DE GESTIÓN 
DEL AGUA

POLÍTICAS DE 
RETROCESO 
ESTRATÉGICO

17



REFERENCES

Aird. (2017). Sand Filter Systems with Detention: A Perfect Solution. Disponible en web: 
http://foresternetwork.com/tag/sand-filter/

J. Baustian. (2005). Restoration Success of Backfilling Canals in Coastal Louisiana Marshes. 
Faculty of the Louisiana State University and Agricultural and Mechanical College. 
Faculty of the Louisiana State University and Agricultural and Mechanical College. 
Department of Oceanography and Coastal Sciences . Disponible en web: http://etd.
lsu.edu/docs/available/etd-04132005-180725/unrestricted/Baustian_thesis.pdf

J. J. Baustian; Turner. (2006). Restoration Success of Backfilling Canals in Coastal Louisiana 
Marshes. Restoration Ecology, 14(4), 636–644. Disponible en web: http://doi.wiley.
com/10.1111/j.1526-100X.2006.00175.x

Chen. (2010). Memorize SAT Vocabulary The Quantum Way. X. Chen.

Christensen. (2005). Dictionary of Landscape Architecture and Construction. (McGraw-Hill, 
Ed.) (Vol. 30).

City of Springfield. Stormwater Services. (2008). Streambank Stabilization. Springfield. 
Disponible en web: http://www.springfieldmo.gov/DocumentCenter/View/3455

ClimateTechWiki. (n.d.). Storm surge barriers and closure dams. Disponible en web: http://
www.climatetechwiki.org/content/storm-surge-barriers-and-closure-dams

Coastal Master Plan of Louisiana. (2012). Louisiana’s Comprehensive Master Plan for 
a Sustainable Coast. Disponible en web: https://issuu.com/coastalmasterplan/
docs/coastal_master_plan-v2?layout=http://coastalmasterplan.la.gov/issuu/
mpmar2012/layout.xml&e=3722998/2447530

Crawford; Gosden. (2009). River and canal structures. In Fluvial Design Guide.

Department of Ecology Publication. Voigt B. (n.d.). Slow Streams. Disponible en web: http://
www.ecy.wa.gov/programs/sea/swces/products/glossary.htm

Ecoshape; TU Delft. (2014). Zandmotor successful driver of innovative coastal maintenance. 
Disponible en web: http://www.dezandmotor.nl/nl/actueel/nieuws/zandmotor-
succesvolle-aanjager-van-innovatief-kustonderhoud/

edHelper. (2011). Characteristics of Seed Plants. Disponible en web: http://edhelper.com/
ReadingComprehension_37_251.html

Esteves. (2014). What is Managed Realignment ? In Managed Realignment: A Viable Long 
Term Coastal management Strategy (pp. 19–28).

18



Growing Green Guide. (n.d.). Green roof definition. Disponible en web: http://www.
growinggreenguide.org/technical-guide/introduction-to-roofs-walls-and-facades/
green-roof-definition/

James Spatafora. (2008). Saltwater Intrusion. In Johnson State College Senior Seminar. 
Vermont. Disponible en web: http://kanat.jsc.vsc.edu/student/spatafora/mainpage.
htm#intro

Lake Superior Duluth. (2005). Stormwater Management: Bioretention Basins. Disponible 
en web: http://www.lakesuperiorstreams.org/stormwater/toolkit/bioretention.html

Laramie County Conservation District. (n.d.). Best Management Practices for Stormwater 
Runoff. Ponds. Cheyenne, WY. Disponible en web: http://www.lccdnet.org/wp-
content/uploads/2011/04/Ponds.pdf

Molnar. (2016). Tide Gates: Technical and Ecological Considerations. Disponible en web: 
http://www.dot.ca.gov/newtech/researchreports/preliminary_investigations/docs/
tide_gates_preliminary_investigation.pdf

NOAA. (n.d.). NOAA Shoreline Glossary. A Guide to National Shoreline Data and Terms. 
Disponible en web: https://shoreline.noaa.gov/glossary.html#partr

NOAA. (2014). Coral Reef Information System.

Public Health Law Center. (2012). Community Gardens Policy Reference Guide. Saint Paul, 
MN. Disponible en web: http://www.publichealthlawcenter.org/sites/default/files/
resources/PHLC Community Garden Policy Guide 2012_0.pdf

Schwartz. (2005). Glossary of Coastal Geomorphology. In Encyclopedia of coastal science 
(p. 1211). Netherlands: Springer.

Soil Science Society of America. (2017). Rain Gardens and Bioswales. Disponible en 
web: https://www.soils.org/discover-soils/soils-in-the-city/green-infrastructure/
important-terms/rain-gardens-bioswales

Stormwater Center. (n.d.). Aquatic Buffers  Fact Sheet: Buffer Zones. Disponible en web: 
http://www.stormwatercenter.net/Assorted Fact Sheets/Tool3_Buffers/BufferZones.
htm

Teifi Rivers Trust Ymddiriedolaeth Afonydd Teifi. (n.d.). Riparian Schemes. Disponible en 
web: http://www.teifiriverstrust.com/?page_id=660

The British Dam Society. (2010). Spillways and Outlets. Disponible en web: http://
britishdams.org/about_dams/spillways.htm

Thesaurus Dictionary. (n.d.). Seagrass definition. Disponible en web: http://thesaurus.
babylon-software.com/

19



University of Florida. (2008). Florida Field Guide to Low Impact Development. Disponible 
en web: http://buildgreen.ufl.edu/fact_sheet_bioretention_basins_rain_gardens.pdf

USACE. (2008). US Army Coastal Engineering Manual.

US Department  of the Interior. (2006). Sediment Ponds. Disponible en web: http://
technology.infomine.com/SedimentPonds/

USDA US Department of Agriculture. Natural Resources Conservation Service. (2005). Rain 
Gardens. Disponible en web: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/
nrcs142p2_011366.pdf

Watson; Adams. (2011). Design for Flooding. Hoboken, NJ, USA: John Wiley & Sons, Inc.
Wikipedia. (2017). Pond. Disponible en web: https://en.wikipedia.org/wiki/Pond

20



ANEXO I

 MATRICES DE LOS CASOS DE ESTUDIO

21



Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Improve phenomenological 
conditions (sounds cape, smell, 
sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, etc.)

Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Improve phenomenological conditions 
(sounds cape, smell, sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, etc.)

Increases exercise and cultural recreational 
opportunity

Reduce stress levels and improving 
mental health

Reduce stress levels and improving 
mental health

Access to healthy food

Safe spaces (reduce flooding) Safe spaces (reduce flooding) Accessibility and mobility 
improvement

Safe spaces (reduce flooding) Safe spaces (reduce flooding) Empowerment & mobilization Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding)

Accessibility and mobility 
improvement

Empowerment & mobilization Improves social cohesion 
(communities, ages)

Risk Protection Risk Protection Risk Protection

Risk Awareness Risk Awareness
Reduces Atmospheric CO2 emissions Increase groundwater recharge Increase groundwater recharge Increase groundwater recharge Increase groundwater recharge

Biodiversity & habitat improvement Reduce urban Heat Island Soil improvement Biodiversity & habitat improvement Reduces Atmospheric CO2 
emissionsSoil improvement

Local economic stimulation (improves 
investment and employment)

Local economic stimulation 
(improves investment and 
employment)

Local economic stimulation 
(improves investment and 
employment)

Reduce water treatment needs Reduce water treatment needs Reduce hard structures 
maintenance

Reduce water treatment needs Local economic stimulation 
(improves investment and 
employment)

Safe locations for economic 
activities

Safe locations for economic activities

Diversification of activities Reduce energy uses Reduce energy uses Diversification of activities
Systems 
phases
components berm cultural & recreational amenities inland - seaward corridor vegetated street storm water buffers community gardens rain gardens deployable walls basic walls continuous bench

bikeway museums
pedestrian way pavilions
permeable paving bioswales T-wall type

Flip-down type

Equipped park Green Corridors Flood protection structure

sub 
subcomponent
scoastal living 
systems

functions

Urban Coastal Reoccupation

A1. BIG Team, The Big "U" Rebuild by design, Promoting Resilience Post-Sandy Through Innovative Planning, Design & Programming

A2. http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/big-u

B. YouTube B1. https://www.youtube.com/watch?v=ZegHHTk9RDs

C. Team's site C1. http://www.big.dk/#projects-hud

A. RBD

SENATE U.S. Senator Charles E. Shumer

THE CITY OF NEW YORK THE COUNCIL Member Margaret S. Chin

BOROUGH OF MANHATTAN President Gale Brewer

Manhattan Community board 3

ENTITIES LES READY Asian Americans for Equality

national parks service

Letters of support A.1.244

comprehensive long term planning and community engagement process

construction of a Priority Project

CDBG - DR

EPA

FTA

FEMA 406

FEMA 428

NY RISING

CITY OF NEW YORK CAPITAL BUDGET

5,4 M $ OVER 3 YEARS 

36 month ongoing planning and community engagement approx.150.000 $ per month

Estimated budget A.1.237

potential sources A.1.236

type

CITY NYC Mayor’s Office, NYC Mayor’s Office of Housing and Economic Development, NYC EDC, NYC DOT, NYC OMB, NYC DPR, 
NYC DEP, NYC LCP, NYC DCP, NYCHA, NYC DCAS, NYC DOS, NYPD, NYC Council Districts 1,2,3,4, FDNY, Parks 
Governance Entities: The Battery Conservancy, Hudson River Park Trust, Friends of the Hight line.

STATE Governor’s Office, New York Rising, MTA City Transit / Bridges and tunnels, NY State DOT, NY State Dept. of Environmental 
Conservation, NY State office of Parks, Recreation and Historic Preservation, Empire State Development Corporation, Battery 
Park City Authority, Port Authority NY/NJ, NY Setants Districts 26, 26, 28, 31, NYS Assembly Districts 65, 66, 67,73,74,75. 

FEDERAL HUD, USACOE, NOAA, Cost Guard, US Dept. of Homeland Security, NPS, US DOT, US Environmental Protection Agency, US 
General Services Administration, US Congressional districts 8, 12, 14, US Community Districts 1,2,3,4,6. 

strategies Flexibility Autonomy: the implementation of the proposal can start in any of three compartments

Timeline A1.240 ACTIVITY: Finalize funding allocation
long term planning & community outreach
feasibility study for priority project
design, engineering & permitting
construction
design, engineering & permitting
construction 
design, engineering & permitting
construction 

Potentially involved public 
agencies/Entities A.1.231

Review 2 last years

Flood protection and preparation not only a line of defense; they 
must take entire neighborhoods and districts into account.  A1.8

From infrastructure to social infrastructure

Flood protection should be tied to community benefits, allowing 
government investment to be leveraged with local and sectoral 
funding in a Resilient Community District A1.8

From risk to resilience From flat protection to community resilience district

Physical resiliency + social resiliency From risk to resilience From infrastructure to social infrastructure
The Design should be community-driven A1.8 From research to research by design From design to community-driven design

The requirements of different sectors (housing/transit/energy/ 
urban development) should be addressed  by one solution. A1.8

From research to research by design From infrastructure to a holistic district strategy

System should be compartmentalized and should be able to be 
built incrementally - flexibility. A1.8

From risk to resilience From a static solution to a compartmentalized and 
incrementally system

objectives - what they want 
to achieve?

(Slogan 
2014)  The 
big U A1.2

(Slogan 
2016) the 
Dryline

Social infrastructure: 
infrastructure as an 
amenity. A1.9

 Hedonistic sustainability 
(new urban life forms) A1.7

 Growing resilience as a 
dynamic process. A1.8

slogan

sustainability ≠ 
sacrifying 
lifestyle B1

however, 
they use 
ecofriendly 
B1

The Highline as a 
successful referent, why 
don't think as the Dryline 
as the next successful 
project in NYC? 

amount of characters 
and what they 
represent: Rober 
Moses (hard 
infrastructure) + Jane 
Jacobs (the social, 
the people) A1.9

actors - with who?
Architects  BIG (architects, designers, 

thinkers) 
One architecture (water & 
urbanism)

Starr Whitehouse 
(landscape architecture)

Engineering Level infrastructure 
(infrastructure engineering)

Buro Happold (engineering 
& sustainability)

Arcadis (ahaydrological 
engineering)

Arts & cultural

Ecology

Finance & economics

graphic design

Others

 AEA Consulting

Green Shield Ecology

James Lima Planning & Development

Project Projects

The School of Constructed Environments at Parsons The New School 

The BIG team led by Bjarke Ingels Group and co-lead by "everyone"

Typos

The Big U

BIG

Rebuild By Design

References

Design
Process

Narrative

Team

Budget & 
Funds

Management

Design
Principles Implementation 

process

City LES Reay (Lower East Side) umbrella organization of 26 community groups A.1.74, NYC Mayor’s office, NYC 
DCP, NYC EDC, NYC DOT, NYC Parks, NYCHA, NYC DEP, NYC LCP, NYC DCAS, NYC Dep. Of 
sanitation, NYPD, FDNY, NYC Council Districts 1,2,3,4.

State Governor’s Office, New York Rising, MTA City Transit / Bridges and tunnels, NY State DOT, NY State Dept. of 
Environmental Conservation, NY State office of Parks, Recreation and Historic Preservation, Empire State 
Development Corporation, Battery Park City Authority, Port Authority NY/N, NY Setants Districts 26, 26, 28, 
31, NYS Assembly Districts 65, 66, 67,73,74,75.

Federal US Army corps of engineers, NOAA, US Cost Guard, US Dept. of Homeland Security, US Dept. of the interior 
- National Parks Service, US DOT, US Environmental Protection Agency, US General Services 
Administration, US Congressional districts 8, 12, 14.

Community / Civic NY Manhattan Community Districts 1,2,3,4,6, Downtown Alliance, Lower East Side Ready, Asian Americans 
for Equality, Metropolitan Water Alliance, Scenic Hudson, Riverkeeper, Real State Board of New York, NY 
Building Congress, Municipal Art Society, Regional Plan Association, Hudson River Park  Trust, Battery Park 
Conservancy, Friends of the High Line.

Business Howard Huges Corporation, Edison Properties, Brookfield Properties, Con Edison, Dermot.
methods A.1.73…103 public workshops Party at the end of the process Discussions with Battery Conservancy and the Downtown Alliance, vast array of city, state and Federal 

agencieselements A.1.73…103 Prototypical models

agents A.1.29 public

private



Plan and design interventions that are prototypical and catalytic A1.19 From design to research by design

Plan and design low-risk, "no-regrets" scenarios A1.21 From risk to resilience

Plan and design for the storm and the norm A1.20 From insfrastructure to landscape

From vunlerability to restoring the ecological quality of the bay A1.83 From insfrastructure to landscape

From water management/dinamics to restoring the ecological quality of the bay From insfrastructure to landscape

From infrastructure to a dynamic landscape A1.18 From insfrastructure to landscape 

C2. http://www.interboropartners.com/projects/living-with-the-bay

A1. Interboro team, Living with the Bay: A Comprehensive Regional Resiliency Plan for 
Nassau Country's South Shore
A2.  Rebuilding with Resilience, Lessons from the Rebuild by Design Competition After 
Hurricaine Sandy

C1. https://stormrecovery.ny.gov/living-bay

A. RBD

C. Team's site

fases C1 operaciones A1.280

planning: $3,750,000 432 M $ for repair hurricaine damage FEMA 406 + NYS CBDG Match

Pre Development: $8,750,000 379 M $ for mitigation of Bay Park STP FEMA 406 + NYS CBDG Match

Capital Construction Costs: $106,250,000 20 M $ for mitigatin of Bay Park STP NYS CBDG

Program Delivery: $6,250,000 130 M $ Bay Park STP Upgrades to Remove Nitroen TBD

20 M $  Sewering of Point Lookout TBD

550 M $ Ocean Outfall TBD

50 M $ Conversion of Small Plants to Pump Stations TBD

Total Allocated Budget: $125,000,000 125 M $ RBD Competition

Safe spaces (reduce 
flooding)

Risk awarenes Increases exercise and cultural 
recreational opportunity

Risk Protection Safe spaces (reduce 
flooding)

Risk awarenes Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Reduce energy uses Safe spaces (reduce flooding) Risk Protection Reduce energy uses Risk Protection Accessibility and mobility improvement Safe spaces (reduce 
flooding)

Safe spaces (reduce 
flooding)

Safe spaces 
(reduce flooding)

Risk Protection Safe spaces (reduce 
flooding)

Flood costs reduction improve water quality Reduce energy uses improve water quality Risk Protection Risk Protection Risk Protection

Biodiversity & habitat 
improvement

Biodiversity & habitat 
improvement

Flood costs reduction Biodiversity & habitat 
improvement

Flood costs reduction Biodiversity & habitat 
improvement

Reduce water 
treatment needs

Reduce grey infrastructure 
maintenance needs & costs 

Safe locations for 
economic activities

Safe locations for 
economic activities

Safe locations for 
economic activities

Residential 
development

Flood costs reduction Safe locations for 
economic activities

Wildlife habitats 
restoration

Wildlife habitats 
restoration

Wider morphological 
coastal gradient

Safe locations for economic activities

Wider morphological 
coastal gradient

Flood patterns’ climate change 
disturbances attenuation

Wildlife habitats 
restoration

Soil improvement Reduces Atmospheric CO2 
emissions

Increase groundwater 
recharge

Increase groundwater 
recharge

Flood patterns’ climate change 
disturbances attenuation

Wider morphological 
coastal gradient

improve water 
quality

Increase groundwater recharge

Systems 

phases

components Sediment catchment 
structures sand engine Dams for ecological & 

sedimental barrier reinforced marsh sand engine overwashing channels Sceptic tancs vegetated streets storm water swales water retention areas slow streams safety thresholds residential zone

subcomponents flood plaints

generative 
process sediments fixation sediment 

nourrishement sediment nourrishement sediment 
nourrishement

sediment 
nourrishement

sediment & salinity 
transportation water filtration water infiltration store water slow down the river, 

sediment accumulation

oysters & mollusks sand engine permeable paving sluices
bioswales

sand engine

storm gates in th creek dike ring

coastal living 
systems

Urban Coastal Reocupation & Formation
improved barrier island improved salt marsh green & blue corridors Flood protection structure

functions

Deltares Deltares is a dutch independent institute for applied research in the field 
of water and subsurface with five areas of expertise.

H + N + S Landscape 
Architects

H+N+S Landscape architects is a dutch landscape architecture design 
office that contribuzes to a meaningful relationship between man and 
environment and functions as a laboratory, focussed on cooperation and 
innovation.

TU Deflt

Interboro Partners

Bosh Slabbers

Center for Urban Pedagogy

David Rusk, Innovative Housing Institute

Apex

IMG Rebel

NJIT Infrastructure Planning Program

Palmbout Urban Landscapes

Project Projects

http://livingwithwater.com Barrier Island Smart Barrier 

Uplands Greeen Corridor 

Living with the bay

Referencia a "LIVING WITH 
WATER"

by stablishing 5 
prototypical conditions 
A1.93

 and 5 prototypical 
strategies A1.95

Ocean Front Sediment Flow 

Slogan Analysis Strategies

(2 years later)

Living with water

Marsh Eco-Edge 

River and Stream 
Estuaries

Slow Streams 

Academic

Government

private

NGOs, Non-profits, and 
Community Groups

methods A1.29 meetings

elements A1.46 Facebook Page

surveys

Community maps breakout tabless

agents A1.11

Adelphi University Environmental Studies Program, Hofstra University Suburban Studise Program, Stonybrook University Department of Geosciences

City of Long Beach, Governor's Office of Storm Recovery and New York Rising, CRZ, Long Island Regional Economic Development Council, Long Island Reginal Planning 
Council, Nassau Country Executive Office, Nassau Country Department of Environmental Conservation, Nassau Country Department of Public Works, Office of 
Congresswoman Carolyn McCarthy, Office of Senator Kirsten Gillibrand, Office of Senator Chuck Schumer, Town of Hempstead Department of Conservation and Waterways, 
Town of Hempstead Department of Engineering, Village of East Rockaway, Village of Freeport, Village of Lynbrook, Village of Rockville Centre.

Georgica Green Ventures, Jaral Properties

Association of Marine Industries,  Baldwin Civic Association, Citizen's Campaign for the Environment, Community Development of Long Island, Empire Justice, ERASE 
Racism, Garden Club of Long Island, Helth abd Welfare Council of Long Island, LIVOAD Long Term Recovery Group, Long Island Housing Partnership, Long Island Index, 
Operation SPLASH, South Shore Estuary Reserve, Sustainable Long Island, Trout Unlimited, Vision Long Island, Western Bays Coalition.

workshops

regional
to further develop the reginal 
framework

to comision necesasry regional 
studies

to develop tools to inform regional decision making and 
outreach

sub-regional

project scale establish a conceptual plan establish a preliminary budget draft BCA confirm stakeholder support prepare the selected Phase One Projects

Develop regional long-term 
perspective

Coordinate and integrate three 
scales ans extra-lwtb initiatives

Develop tools to inform decision-
making and outreach

Develop sediment flow strategy Develop Smart Barrier Strategy Develop Eco-edge Strategy Develop Slow Stream Strategy Develop Green Corridor Strategy

Academic

Government

Private

NGOs, Non-
profits, and 
Community 

Groups

Coalition 
at this 
point 
A1.26

Adelphi University Environmental Studies Program, Hofstra University Suburban Studise Program, Stonybrook University Department of Geosciences
Village of East Rockaway, Village of Freeport, Vilalge of Lynbrook, Village of Rockville Centre, Army Corps of Engineers, City of Long Beach, EPA, FEMA Community Planning and Capacity Building Dept., 
Governor's Office of Storm Recovery, Long Island Railroad, Long Island Reginal Economic Developt. Council, Long Island Regional Planning Council, Nassau Country Executive Office, Nassau Country Legistalure, 
Nassau Country Department of Public Works, New York State Dept. of Environmental Conservation, New York State Dept. of Transportation, New York Rising CRZ, Office of Senator Kirsten Gillibrand, Town of 
Hempstead Dept. of Conservation and Waterways, Town of Hempstead Department of Engineering.
Arcadis, AVR Realty Company, Renaissance Downtowns, Cameron Engineering, Georgica Green Ventures, Jaral Properties, Land Use Ecological Services, Perking Eastmant, The LIRO Group, URS.

Association of Marine Industries, Empire Justice, ERASE Racism, Adela te of Suffolk Country, American Red Cross, Baldwin Civic Association, Bellport High School Students for Environmental Equality, 
Brookhaven Baymen's Association, Brookhaven League of Women Voters, Captain Don's Nautical Adventures, Catholic Charities, Center for Estuarnie, Environmental and Coastal Oceans Monitoring, Child Care 
Council of Long Island, Citizen's Campaign for the Environment, Coastal Research and Education Society of Long Island, Community Development Corportaion of Long Island, Ecological Engineering, Family 
service League, FEGS, FEMA, Fire Isladnd Associaiton, Freeport Church of Wazerene, Freeport Schools. Garden Club of Long Island, Great South Bay Audubon Society, Hammer Magazine, Health and Welfare 
Council of Long Island, Islip Town Lwaseholders Association, Kimmel Housing FoundationKnights of Columbus, LIVOAD, LIVOAD Long Term Recovery Group, Local NY Laborers 66, Long Beach COAD, Long 
Island Association, Long Island Housing Partnership, Long Island Index, Long Island Sierra Club, Long Island Volunteering Center, Lutheran Social Services, Lutheran Counseling Center, Mastic Beach Property 
Owners Association, Merrick Fire Department, Nature Conservancy, New York Committee for Ocupational Safety and Health, New York Sae Grant. New York Saefoot Council, New York Sportfishing Federation, 
OperatiOn SPLASH, Pattersquash Creek Civic Association, Peconic Land Trust, Presbyterian PBA, Presbytery of Long Island, Project Hope, Rebuilding together of Long Island, Seatuck Environmental 
Association, Sheet Metal Workers Local 28, Society of Vincent de Paul, South Bay Cruising Club, South Shore Audubon Society, South Shore Bayhouse Owners Association, South Shore Estuary Reserve, South 
Shore Waterflowers Association, STF Group INC Eco Homes + Cleaning Tech Solutions, Suffolk Alliance of Sportsmen, Sustainable Long Island, Touro Law school, Trout Unlimited, United Methodist Church.

3 scales 
A1.22

to coordinate and integrate the design and planning efforts at three 
scales and with initiatives outside of Living with the Bay

to develop master plans for these key, catalytic and prototypical subreginal sites

Timeline 
A1.23, 

248 

Regional
Commission necessary regional studies

Sub regional

Phase one projects Prepare Project  

steer and enable the development and implementation process A1.22
ensure linkages between the regional scale, the sub-regional scale and the projects A1.22
monitor the budgets and apply for funding A1.22
stimulate information and experience sharing between projects A1.22
deliver results A1.22

scales

Typos

Living with the 
bay 
Interboro

Rebuild by design

Design 
Principles

References

Budgets & 
funds

Narrative

Team

Implementation 
Process

Design 
process



From a piece of infrastructure to a place 
C1.min11:41

From coastal protection to embracing the 
water

replicable typologies

From risk to resilience

From infrastructure to eco- social 
infrastructural systems for risk-reduction 
A1.0

From infrastructure to landscape

comprehnsive long term planning and community engagement process

construction of a Priority Project

Creation of a funding portal founds from the United States Congress in disaster aid for the states hit by the Superstorm Sandy: 60 million $ A2

type

City City of New York

State State of New York

Federal

implementing a large-scale Living Breakwater pilot project at Tottenville
expanding the living breakwater strategy to the remainder of the Staten Island South Shore, and other 
appropiate locations in the region and even nationally

community and agency imput

coalition bulding

robust regulatory strategy

strong funding justification

Timeline A1.108 Activity
Preliminary studies
Redifine Desing & Prepare Applications
Permit applications
Construction

creation of living Breakwater Advisory Committee A2

implementation partners A1.0

fases A1.88 2 key phases

key elements/ estrategias A1.88

*en A4.min04:50 it appears another timeline (2 years later)

Senate NY state Senator Andrew J.Lanza, U.S. Senator E. Schumer

The City of New York President of the Borough Staten Island, Community Board 3, NYC, Minority leader, The Council of New York City Hall.

Entities President of Staten Island Longterm Recovery Organisation, Oyster Restoration Project Director, NY/NJ Baykeeper, Tottenville Civic Association, NY 
Rising Community Reconstruction Program, Staten Island Planning Comittee.

People 21 students from intermediate school, Brett F. Branco, PhD Department of Earth and Environmental Sciences, Brooklyn College, The City University 
of New York, Alan I. Benimoff, PhD College of Staten Island, Katina Johnstone, Co-funder, Kayak Staten Island.

Letters of support A1.95

city NYC Office of Long Term Planning and sustainability, NYC Department of Parks and Recreation, NYC Economic Developement Corporation, 
NYC Department of City Planning.

state New York Rising

federal National Parks Services, NOAA National Marine Fisheries Service, US Coast Guard.

Methods A1.93

Elements maps A1.55

Agents public A1.0

private A1.0 NY/NJ Baykeeper, Friends of Conferece House Park, Staten Island Bayment's Associaiton, Staten Island Assembly Members, Staten Island City Council 
Members, The College of Staten Island, Staten Island Historic Society, Zone A NY, Kayak Staten Island, The Harbor Foundation / NY Harvor School, Pleasant 
Plains, Prince's Bay, and Richmond Valley Civic Association, Fishermen's Conservation Association, Staten Island Long Term Recovery Organisation, Staten 
Island Borough President's Office, NY Rising Committee, Natural Resources Protective Association, NY / NJ Audbon.

meeting with community members A1.55, reef building workshop A1.64, water hubs to be desing by the community A1.76, public presentations A1.74, teacher outreach 
workshop A1.72.

reef model A1.93

Objectives Heroes Principles Strategies

Reducing risk A1.3 heroes = oysters, econcret units, water 
hubs, small elements that create and make 
work the big system

increase awareness of risk A1.3 bay as an ecological infrastructure A1.6

Growing ecological resilience A1.3 step down that risk with a necklace of breakwaters A1.3

Buiding social resilience A1.3 embrace the water A1.3

Oyster-tecture C2.89 

Access to healthy food Increases exercise and cultural recreational 
opportunity

Increases exercise and cultural recreational 
opportunity

Access to healthy food Access to healthy food Access to healthy food

Higher-quality fishery species Reduce stress levels and improving mental 
health

Reduce stress levels and improving mental health Increases exercise and cultural recreational 
opportunity

Increases exercise and cultural recreational 
opportunity

Increases exercise and cultural recreational opportunity Increases exercise and cultural recreational 
opportunity

Improve phenomenological conditions (sounds cape, 
smell, sights, ect)

Helping recreational and cultural activities to remain Helping recreational and cultural activities to remain Helping recreational and cultural activities to 
remain

Improve air quality Higher-quality fishery species Higher-quality fishery species Higher-quality fishery species
Youth development & education Accessibility and mobility improvement Accessibility and mobility improvement Youth development & education Youth development & education Youth development & education Youth development & education

Improves social cohesion (communities, ages) Risk Protection Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding)

Risk Awareness Risk Awareness Risk Awareness Risk Awareness
Risk Protection Risk Protection Risk Protection Risk Protection

improve water quality Reduces Atmospheric CO2 emissions improve water quality improve water quality improve water quality
Biodiversity & habitat improvement Reduce urban Heat Island Biodiversity & habitat improvement Biodiversity & habitat improvement Biodiversity & habitat improvement

Increase groundwater recharge Wider morphological coastal gradient Wider morphological coastal gradient Wider morphological coastal gradient Wider morphological coastal gradient
Biodiversity & habitat improvement Wildlife habitats restoration
Reduce energy uses Reduce energy uses Reduce energy uses Reduce energy uses

Local economic coastal-specific activity 
maintenance & improvement

Local economic coastal-specific activity 
maintenance & improvement

Local economic coastal-specific activity 
maintenance & improvement

Local economic coastal-specific activity maintenance & 
improvement

Local economic coastal-specific activity 
maintenance & improvement

Diversification of activities Safe locations for economic activities Safe locations for economic activities Safe locations for economic activities Safe locations for economic activities
Flood costs reduction Flood costs reduction Flood costs reduction Flood costs reduction

Systems 
phases
components sedimental zone ameities zone terraced edge exposed habitat breakwater

planted wetland hubs
dune docklands
sediment fixation beach grouth

slow erosion
creation of underwaer habiat

inter tidal vegetation e-concrete units
oyster tatchery unit tidal planter fish hub oyster shell
oysters
tank-less setting e-concret oyster disk spat sanctuary oyster gabion oyster shell

functions

sub subcomponentes

generative process

coastal living systems

Urban Coastal Reocupation & Formation
beach living breakwater

inter-tidal breakwater sub-tidal habitat breakwater

Architects & LANDSCAPE ARCHITECTS Scape / landscape architects (LOT-EK)

Enginieering & planning Parsons Brickerhoff

Marine Science/Ocean Modeling Stevens Institute of Technology

Coastal Engineering Ocean and Coastal Consultants

Marine Biology Searc Consulting

graphic design MTWTF

Education / Oyster restoration The New York Harbor school

Advisor Paul Greenberg

Typos

Living
Breakwaters

Scape

Rebuild by design

Narrative

Design 
Principles

Team

Design 
Process

References

Implementation 
process

Budgets & 
funds

Budgets & 
funds

A. RBD A1. Living Breakwaters Rebuild by Design IP Edition Staten Island and Raritan Bay

A2. http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/ny-living-breakwaters

A3 http://www.rebuildbydesign.org/resources/videos/october-28-public-reception-scape--landscape-architects-presentation

A4. http://www.rebuildbydesign.org/resources/videos/living-breakwaters--2-years-later

B. Youtube

C. Team's site C1. http://www.scapestudio.com/projects/living-breakwaters-competition/

C2.  ORFF, Kate, Toward and urban ecology, New York, NY: Monacelli Press 2016



156 M  FEMA Funding
30 M ESCO
34 M NYSERDA ENERGY
30 M CON-ED Cleanup

LEVEE PARK $ 474.980.029,00 LEVEE PARK $ 132.852.703,00
ENERGY $ 28.161.055,00 ENERGY $ 111.880.032,00
CLEANWAYS $ 16.847.981,00 CLEANWAYS $ 14.508.212,00
TOTAL PHASE 1A $ 519.989.065,00 TOTAL PHASE 1B $ 259.240.947,00

MARITIME SUPPLY CHAIN $ 21.986.286,00
COMUNITY PROGRAMMING $ 14.460.616,00
TOTAL $ 36.446.902,00
TOTAL COST ESTIMATE $ 815.676.914,00

potential funding strams phase 1 
(A + B) A1.157

RBD 20 M $ pilot projectFUNDS A2.min05:17

BUDGET PHASE 1 A PHASE 1B

PHASE 1

THE CITY OF NEW YORK -> 25 M $

FUNDS 375 M  HUD Funding Phase 1 Levee Park (Cleanways: Stormwater, Air, Cleanways: Phase 1A 
and Phase 1B energy, Maritime supply, Community programming)

A. RBD A1. PennDesing / OLIN, Rebuild by Design, HUNTS POINT LIFELINES

A2. http://www.rebuildbydesign.org/resources/videos/hunts-point-lifelines-project--2-years-later

A3. https://medium.com/hunts-point-resiliency/hunts-point-resiliency-connection-stories-85635940b662#.en8o1prlw

Activity

City of New York RFP for 
Detailed Feasibility and 
Planning Developement of 
Resilience Plan

Detailed survey of existing 
site conditions

Detailed geotechnical 
analysis

Phase I and II 
environmental impact 
analysis

Analysis of Property 
acquisition needs and 
scenarios

Recomendations for integrating protection 
with local business uses, the Waste 
Water Treatment Plant, and 
transportation infrastructure.

Competition of Planning Study Preliminary landscape 
architecture and engineering 
design work

Stakeholder outreach to 
define programming and 
components for community 
space

Refined construction 
cost estimating and 
phasing strategies

Identification of total funding 
sources ( a preliminary 
version of which is outlined 
in the charts)

Evaluation of long-term economic 
benefits, including private developement 
opportunities. Identification of required 
regulatory approvals and other public 
processes

Contract Feasibility and 
Detailed Design

Detailed landscape 
architecture and engineering 
designs

Construction of integrated 
flood protection system, 
energy infrastructure, and 
community aspects

Administration of 
Comunity programming 
associated with flood 
protection system

Rebuild by Design Winners Announced

HUD Award phase 1

Final Determination of Phase 1 Project Funding Partners
Complete Phase 1A Contracts for Detailed Design and Engineering

identufyin and determination of potential funding A1.157
determination of Benefit to cost Ratio of 1.6

PHASE 1 A
PHASE 2

PHASE 1B

Timeline A1.156

fases 2 fases

establishment of cohesive lines of communication between commmunity, industry, and City government A1.155
premiliminary timeline A1.156

2015: Creation of Advisory Working Group A2.min05:45

US Congressman Jose E. Serrano, Senator Charles E. Shumer
NYC Community Board 2, NYC
Entities Fulton Fish Market, Hunts Point Economic Developement Corporation, Hunts Point cooperative market, Hunts 

Point Produce Market, Mothers on the Move, NYC Environmental Justice Alliance, THE POINT CDC, Rocking 
the Boat, Sustainable South Bronx, Teamsters Local Union No. 202, United Food and Commercial Workers 
International Union, Northeastern Region.

flood risk reduction
resilient energy

2-year comprehensive resilience planning process where our team supports 
community-based organisations leading a broad planning effort A1.166
Letters of support A1.163

priority categories

Government
Community Board 2, NYC, Office of Assemblyman A. Crespo 85th District, New York City Economic Developement Coorporation, Rep. 
Jose E. Serrano, Member of Congresss (NY-15), Office of the mayor of New York City, NYC Dep. of environmental Protection, NYS Dep. 
of Envirnmental Conservation, NYC Office of Emergency Management.

Community based 
organisations

Hunts Point Economic Developement Corporation, The Blk Projek, Mothers on the Move, Bronx River Alliance, Youth Ministries for Peace 
and Justice and Hunts Point, Rocking the Boat, Wildcat Academy Charter School, THE POINT Community Development Coorporation, 
Sustainable South Bronx, New York City Environmental Justice Alliance, Food Bank for New York City.

Organized Labor Brotherhood of Teamsters Local 202, United Food and Commercial workers.

Food Cluster Industry
The Hunts Point Terminal Produce Cooperative Association, Hunts Point cooperative market, New Fulton Fishmarket at Hunts Point, 
Smitty's Filet House (fish wholesaler), Nathel & Nathel (produce wholesaler), Vista Food exchange, Anheuser-Bush Distributors. Hunts 
Point Distribution Center, Il Forno Bakery, Oak Restaurant & Grill, Mo Gridder's BBQ.

methods

Agents A1.34

public

private

Hunts Point Connection Stories, serie of stories that we will publish throughout this project to spotlight different voices and stories in Hunts Point. A3

principles 
Provide food security for 22 M 
people

WORKING WATERFRONT A1.6 Lifeline 1: integrated flood protection A1.38 physical vunerability

Protect living wage jobs WORKING COMMUNITY A1.6 Lifeline 2 : livelihoods and leadership; jobs as an 
essential part of resilience infrastructure A1.83

physical & economical 
vunerability

WORKING ECOLOGY A1.7 Lifeline 3: Cleanways; improve connectivity, 
sociability, air quality, safe passage, food access, 
comercial activity and filtration of stormwater in 
major rain events A1.101

energetical & 
economical 
vulnerability

MAKE IT HAPPEN Lifeline 4: Maritime Supply Chain; to create a base 
of operations in Hunts Point A1.117

social vunerability

Model for working waterfronts 
everywhere

Palette to explain the 4 
LIFENINES: of materials 
and constructive systems 
with exemples but also 
palettes to explain the 
different jobs, situations 
and programs  A1.65

Objectives - what they want to achieve? A1.4
2 YEARS LATER: 
HUNTS POINT 
RESILIENCY 
A2min00:31

strategies - how?

From vulnerability to Lifelines A1.8 From risk to resilience

vulnerability and resilience have social and 
economic dimensins A1.19

From infrastructure to social 
infrastructure

From vulnerability to resilience (social, 
economical, ecologycal) trought innovation 
(levee lab)

From risk to resilience

Material Palette From research to research by 
design

Typos

Hunts Point 
Lifelines

Penn Design / 
OLIN

Rebuild by design

Narrative

Design 
Principles

Team

Management

Design 
Process

References

Implementation 
process

Budgets & 
funds

Project Developement Partners

Project Leads Ellen Neises, PennDesign Richard Roark, OLIN
Advisors

PennDesign

OLIN
Marine & structual engeneering McLaren Engineering Group Malcom McLaren, Stephen Ferch, Adon Austin
Economic Analysis HR&A Advisors Candance Damon, Bret Collazzi

eDesign Dynamics Eric Rothstein, Franco Montalto, Theo Barbagianis

Level infrastructure Joe Mulligan

Community engaegment Barretto Bay Strategies Paul Lipson
Civil engineering Phillip Habib Associates Philip Habib, Bradley Kempf
engineering Bruno Happold Craig Schwitter, David Koysman

Community Board 2 Environmental Committee, Mayor's Office of Long-Term Planning and 
Sustainability, City of New York, New York City Economic Development Corporation, The Point CDC, 
New Urban Fish Market, Hunts Point Terminal Market, Hunts Point Cooperative Market

eDESIGN DYNAMICS is an environmental engineering and planning firm specializing in Water 
Resources Modeling, Planning, and Design; Ecosystem Design and Analysis; Green Stormwater 
Infrastructure; International Development; and Resilience Planning and Design.

LEVEL Agency for Infrastructure is a consulting firm with a mission to improve cities around the world 
through design and implementation of high-quality, sustainable development projects. 

Marilyn Jordan Taylor, PennDesign, Lucinda Sanders, OLIN, John Landis, PennDesign, Harris 
Steinberg, PennPraxis.

energy, engineering strategy and 
economiv analysis

hidrology, ecology and stormwater 
design

Project TEAM
Jeff McLeod, Cricked Day, Joanna Karaman, Stefanie Loomis, Jackie Martinez, Kate Rodgers, Ian 
Sinclair, Yelena Zolotorevskaya
Marni Burns, Michael Miller, Sahar Hardy-Coston, Chris Landau, Henry Moll, Trevor Lee, Karl Blumenthal

Increases exercise and cultural 
recreational opportunity

Improve phenomenological conditions 
(sounds cape, smell, sights)

Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Risk Protection Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Reduce stress levels and improving 
mental health

Improve phenomenological 
conditions (sounds cape, smell, 
sights)

Improve phenomenological conditions 
(sounds cape, smell, sights)

Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Safe spaces (reduce 
flooding)

Safe spaces (reduce 
flooding)

Reduce stress levels and improving 
mental health

Accessibility and mobility improvement Safe spaces (reduce 
flooding)

Safe locations for 
economic activities

Safe locations for 
economic activities

Accessibility and mobility improvement Improves social cohesion 
(communities, ages)

Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Risk Protection

Safe spaces (reduce flooding) Safe spaces (reduce flooding) Risk Protection Risk Protection
Risk Awareness Biodiversity & habitat improvement *

Reduces Atmospheric CO2 emissions Reduces Atmospheric CO2 emissions Wider morphological 
coastal gradient

Increase 
groundwater 
recharge

Valuable properties (non vulnerable) Valuable properties 
(non vulnerable)

Biodiversity & habitat improvement Biodiversity & habitat improvement Biodiversity & habitat 
improvement

improve water quality Biodiversity & habitat improvement

Reduce urban Heat Island Wider morphological coastal 
gradient

Reduces Atmospheric CO2 
emissions

Soil improvement

Increase groundwater recharge improve water quality
Local economic stimulation (improves 
investment and employment)

Local economic stimulation 
(improves investment and 
employment)

Reduce water 
treatment needs

Local economic stimulation 
(improves investment and 
employment)

Wider morphological coastal gradient

Safe locations for economic activities Reduce energy uses Reduce energy 
uses

Local economic stimulation (improves 
investment and employment)

Systems 
phases
components swing gates cultural & recreational 

amenities
Berm mild sloping buffer tide gates net sub catchments drainage inlets subtidal enhancements seed vegetation oyster reef constructed walls bulkeads

sub 
subcomponents

adaptative edge thick edge

coastal stabilization wave energy dissipation tidal modification tidal river restoration
flood deph reducing tidal modification

water filtration
semi-permeable fabric 
formed concrete

concrete and glass 
cribbing

gabion and mechanically stabilized 
earth

coir netting recycled plastic fish habitat 
structure

spartina alterniflora scored concrete panels for marine 
colonization

light penetrating 
material

bioswales land tiles and concrete jacks fuzzy rope oyster shell mulch expressed tie back rods
storm sewers fascines and live fascines e-concrete steel shit piles
light penetrating 
material

geocells sheet pile reinforced concrete

semi-permeable fabric 
formed concrete

Urban Coastal Reocupation & Formation
Edge park treatment wetlands new salt marshes flood protection

functions

generative 
process

coastal living 
systems



A. RBD A1. MIT CAU + ZAS+URBANISTEN, The New Meadowlands Project

A2.  Rebuilding with Resilience, Lessons from the Rebuild by Design Competition After Hurricaine Sandy

A3. http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/nj-meadowlands

B. Youtube B1. 

C. Team's site C1. https://vimeo.com/90778863

C2. http://newmeadowlands.org

RBD funds A2.74
150 M $

original proposal 3,5 - 4 bilion $

competition funds 150 M $

berm 103 M $

Meadowband 
127,795 M $

scientifi research
25 M $

total
255, 795 M $

funding gap 2016  A2.74

exemple: northen pilot scale - cost  A1.69

Continued outreach and coalition building

masterplan-a dynamic masterplan

identify and foster further private partnerships, grant applications to realice projects and parts of the plan

activate land acquisition entities

RFQ-Permit application documents for pilot 1

wait for federal permit while reviewed detailed engineering calculations for pilot 1

permt application documents for pilot 2

pilot 3

Continuous evaluation: research &analysis of proposed projects

break down the scale into 3 single-stage pilot projects 
A1.147

could start independently

Timeline A1.154-155

Stakeholder Coalition A1.67

Regional coordination: also a challange to implementation. Must coordinate a broad diversity of small jurisdictions across a large geographic area A2.76

CEO Meadowlands Regional Chamber

Hearny Point Industrial Park

Borough of Little Ferry

 Michael J. Gonnelli Mayor of Secaucus

Hackensack Riverkeeper

Forsgate Industrial Partners

cost & benefits ratio of 1.7

Letters of Support

From risk to opportunity A1.14 From risk to resilience

From minimising the risk to maximising the prosperity C1.min05:10

From flood protection to integrated design From research to research by design

Municipalities

NGO Hackensack Riverkeeper

Private Sector PSEG

Federal Government agencies EPA

The Meadowsland Comission

Port Authority of New York and New 
Jersey

Rutgers University

Meadowlands Chamber of 
Commerce

metodos  A1.73 meetings workshops

Stakeholder Coalition A1.67 Ofice for Recovery and Rebuilding of the State of New Jersey, Bergen County, Hudson County, State of New Jersey, North 
Bergen, Secaucus, Jersey City, Kearny, South Hackensack, Ridgefield, Teterboro, Moonachie, Little Ferry, Carlstad, North 
Arlington, Rutherford, East Rutherford, Lyndhurst.

Army Corps of Engineers

public sesions

Medowlands Conservation Trust

slogan objectives principles strategies

Primary protection agains 
flooding

Transparency the Meadowpark: large, 
regional wildlife refugee 
A1.0

New Meadowlands: 
productive City + 
Regional Park  A1.21

Capacity building

Inclusiveness

Responsiveness

protect, connect and 
grow A1.81

Protect, conect and grow

the Meadowband: civic, 
public amenitie of the park 
A1.0

MIT Center of Advanced 
Urbanism

Professor Alan Berger, Professor James Wescoat, Professor Christopher 
Zegras, Assistant Professor Sarah Williams

ZUS Zones Urbaines 
Sensibles Lead contact: Kristian Koreman

DE URBANISTEN Lead contact: MSc. Florian Boer

Deltares / Delft Hydrolics Professor Mindert de Vries, Professor Frans Klijn

Volkerinfra: infrastructure 
engineering Philip Labouchere

75 B Graphic Design Pieter Vos

Improve phenomenological 
conditions (sounds cape, 
smell, sights, ect)

Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Improve phenomenological conditions 
(sounds cape, smell, sights, ect)

Increases exercise and cultural recreational opportunity Increases exercise and cultural recreational opportunity

Improve air quality Reduce stress levels and improving mental health Reduce stress levels and improving mental health
Safe spaces (reduce flooding) Safe spaces (reduce 

flooding)
Safe spaces (reduce flooding) Improve phenomenological conditions (sounds cape, smell, sights, 

ect)
Risk Protection Risk Protection Risk Protection Increase available water supply Improve air quality
Increase groundwater 
recharge

Biodiversity & habitat 
improvement

Increase groundwater recharge Increase groundwater recharge Increase groundwater recharge Safe spaces (reduce flooding) Accessibility and mobility improvement Safe spaces (reduce flooding)

Reduce urban Heat Island improve water quality Biodiversity & habitat improvement Risk Protection Improves social cohesion (communities, ages) Risk Protection
Reduces Atmospheric CO2 
emissions

Biodiversity & habitat improvement Youth development & education Increase groundwater 
recharge

Biodiversity & habitat 
improvement

Biodiversity & habitat 
improvement

Soil improvement Increase groundwater recharge improve water quality

Soil improvement Wider morphological coastal gradient Reduces Atmospheric CO2 emissions Biodiversity & habitat 
improvement

Reduce water treatment needs Flood costs reduction Reduce water treatment needs Reduce water treatment needs Reduce urban Heat Island Soil improvement

Reduce grey infrastructure maintenance 
needs & costs 

Biodiversity & habitat improvement Wider morphological 
coastal gradient

Soil improvement Flood costs reduction
Safe locations for economic activities Local economic stimulation (improves investment and 

employment)
Flood costs reduction Diversification of activities

Systems 
phases
components fresh water forest smart tide gates marsh bioswale berm pond park berm recreational amenities existing marsh smart tidal gates

sediments catchment promote overflows mantainance of the tidal efect store water anti-landfill contamination promote sediment and 
soil accreation

mantainance of the tidal efect
coastal living systems vegetated swales vegetatin & trees Permeable concrete

functions

generative process

Urban Coastal Reocupation & Formation
improved wetlands creek sysetmmeadowpark & meadowband

Typos

New 
Meadowlands
MIT / CAU / ZUS 
URBANISTEN

Rebuild by design

Design 
Principles

Budgets & 
funds

Narrative

Team

References

Design 
process

Management

Implementation 
Process



A. RBD A1. Team OMA, RESIST - DELAY - STORE - DISCHARGE: A comprehensive urban water strategy

A2.  Rebuilding with Resilience, Lessons from the Rebuild by Design Competition After Hurricaine Sandy

A3. http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/nj-hudson-river-project-resist-delay-store-discharge

B. Youtube B1.  https://www.youtube.com/watch?v=lyxtmGvNjjs&feature=youtu.be

C. Team's site C1. http://www.rebuildbydesign.org/resources/videos/hudson-river-project--2-years-later

C2.  http://hudsonreporter.com/view/full_story/27266784/article-Rebuild-by-Design-team-announces-a-preferred-alternative?instance=top_story

RBD Award A3 230 M $
CDBG-DR 324 M $
FTA 110 M $
City of Hoboken 36 M $
Additional City / Philanthropic Support 3 M $
Capital 470 M $
Net New City Taxes from Development 6,1 M $
NJ transit & PANYNJ 1,7 M $
Operatin sources 7,8 M $

Phase 1

From water manage to resist A1.33

From water manage to delay A1.33

From  water manage to store A1.33

From water manage to discharge A1.33

From risk to resilience

Communities Hoboken Chamber of Commerce, Hoboken Historical Museum, Community Emergency Response Team, Mile Mesh, Stevens Institute of Technology, 
Hoboken Catholic Academy, Hoboken Dual Language Charter School, Hoboken Day Care, Hoboken Cove Community Boathouse, Bike Hoboken, 
Hoboken Developers, Hoboken Resident Community, Hoboken Commuter Community, Hoboken Jubilee Center, Hoboken Boys and Girls Club, Hopes.

Hoboken Mayor Zimmer, City Council, Hoboken Housing Authority.
Jersey City Mayor Fulop, Jersey City, Division of City Planning.
Weehawken Mayor Turner, City Council.
Hudson County County of Hudson, Division of planning, North Hudson Sewage Authority, PSE & G.
PANYNJ
State of New Jersey Governor's Office of Recovery and Rebuilding, New Jersey Transit, NJ EDA, NJ DEP, Senator Cory BookerSenator Bob Mendez.
Federal HUD, Army Corp of Engineers, DOI, FEMA, DOT.
NGO Re. Invest Initiative, Hoboken Green Infrastructure Strategic Plan.

metodos  
C1.min10:36

Stakeholder 
Process A1.11

public meetingeducation pamphlet, education simulation, road show, survey, seminar, drinks reception, breakfast reception, online survey.

County Hudson County Executive Thomas A. DeGise, Hudson County Freeholder Anthony Romano, Hudson Conty Economic Development Corp., 
Hudson Conty Comprehensive Economic Developmment Strategy Committee. 

cost & 
benefits

NJ TRANSIT, New Jersey Associacition for Floodplain Management, American Planning Asoociation, United Water. 

East Cost Greenway Alliance, Hudson River Waterfront Conservancy, Metropolitan Waterfront Alliance, NY/NJ Baykeeper, North Hudson 
Sewage Authority, North Jersey Transportation Planning Authority, Rutgers Center for Urban Environtmental Sustainability, Together North 
Jersey.

Hoboken  Mayor Dawn Zimmer, Weehawken Mayor Rrichard F. Turner, Hoboken City Council President Jennifer Giattino, Hoboken 
Councilman James Doyle, Hobken Councilman Ravi Bhalla, Hoboken Councilman Peter Cunningham, Hoboken Housing Authority 
Commissioner Dana Wefer, Ann Holtzman, Hoboken Zonning Officer & Flood Plain Administrator, American Legion Post 107, Care Point 
Health/ Hoboken University Medical Center, Comunity Church of Hoboken, Fund for a better Waterfront, Hoboken Chamber of Commerce, 
Hoboken Community Emergency Response Team, Hoboken Cove Community Boathouse, Hoboken Family Aliance, Hoboken Historical 
Museum, Hoboken Historic Preservation Commission, Hoboken Little League Baseball, Hoboken Quality of Life Coalition, Hoboken 
Volunteer Ambulance Corps, Hudson Tea Building, MileMesh, Mile Square Theatre, Accordia Realty Ventures, Jamie Baker & Brandon 
Miller.

approximately 100 M $  in net benefits from flood risk reduction A1.17

US Senator Rober Mendez, US Senator Cory Booker, US Representative Albio Sires, Re:focus parners/ RE.invest initiative, SUEZ 
Environtment North America. 

Letters of 
support  
A1.91

Federal/  National

State 

Regional

City / Community

Programs

Studies
Green infrastructure

Stakeholder Coalition A1.60

scaling up the green infrastrcture

Catalytic projects

Green infrastructure

Projects

define a parallel urban green infrastructure

LCR, Stevens Institude, Army of Corps Engineers, New Jersey Transit, Horboken's Mayor Office, Port Authority, New Jersey Governor's Office, North 
Hudson Sewage Authority, Weehawken Mayor's Office, Jersey City Mayor's Office, Hoboken City Council.

continuing scaling up green
transitioning towards a blue-green city of Hoboken

Green Street Steward Program
Realisation of the twin Wet Weatehr Pump station "discharge"
Roll-out private and civic "delay" and "store" solutions
Coastal defense - non priority interventions
Greenbelt / blue corridor / green circuit
flood insurance exemption

Pump Station
Greenbelt CSO wetland pilot
Hoboken green instrastructure
More comprehensve design of the green belt / blue corridor / green circuit
green infrastructure pilot and demostrative projects
a Green infrastructure incentive plan

Greeen 
infrastructure

Master plan
Studies Flood Risk Analysis

Comprehensive Funding anf Implementation Strategy for all aspects of the masterplan
Marsh Introduction Study
Storm management guidelines
Incentives, mandates and zoning recommendations
Coastal defense at Hoboken Station complex
Coastal defense at Weehawken Cove

Timeline A1.15 

phase 1: 5 years 
implementation 

plan A1. 15

phase 2: 20 years 
implementatin plan 

A1. 15

phase 3: 50 years 
implementation 

plan A1.15

Improve phenomenological 
conditions (sounds cape, 
smell, sights, ect)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, ect)

Improve phenomenological 
conditions (sounds cape, smell, 
sights, ect)

Improve phenomenological 
conditions (sounds cape, 
smell, sights, ect)

Improve phenomenological 
conditions (sounds cape, 
smell, sights, ect)

Increases exercise and 
cultural recreational 
opportunity

Improve phenomenological 
conditions (sounds cape, 
smell, sights, ect)

Increases exercise and cultural 
recreational opportunity

Increases exercise and cultural 
recreational opportunity

Increases exercise and 
cultural recreational 
opportunity

Improve air quality Improve air quality Improve air quality
Accessibility and mobility 
improvement

Safe spaces (reduce flooding) Increase available water supply Safe spaces (reduce 
flooding)

Safe spaces (reduce flooding) Safe spaces (reduce flooding) Accessibility and mobility 
improvement

Safe spaces (reduce 
flooding)

Safe spaces (reduce 
flooding)

Risk Protection Accessibility and mobility 
improvement

Accessibility and mobility 
improvement

Risk Protection Risk Protection

Reduce urban Heat Island Increase groundwater recharge Reduce urban Heat Island Increase groundwater recharge Increase groundwater 
recharge

Increase groundwater recharge Risk Protection

Reduces Atmospheric CO2 
emissions

Reduces Atmospheric CO2 
emissions

improve water quality Increase groundwater 
recharge

improve water quality

Reduce urban Heat Island Biodiversity & habitat 
improvement

Reduces Atmospheric CO2 
emissions

Biodiversity & habitat 
improvement

Biodiversity & habitat 
improvement

Soil improvement Reduce urban Heat Island Wider morphological coastal 
gradient

Flood costs reduction Flood costs reduction

Reduce water treatment needs Flood costs reduction Reduce water treatment needs Reduce grey infrastructure 
maintenance needs & costs 

Reduce energy uses Reduce water treatment needs Biodiversity & habitat 
improvement

Valuable properties (non 
vulnerable)

Valuable properties (non 
vulnerable)

Reduce water treatment 
needs

Reduce grey infrastructure 
maintenance needs & costs 

Flood costs reduction Flood costs reduction Diversification of activities Reduce energy uses

Reduce energy uses Valuable properties (non 
vulnerable)

Local economic stimulation 
(improves investment and 
employment)

Flood costs reduction
Systems 
phases

components green roof park rain gardens storm water collectors bioretention basin storm drain park berm recreational amenity constructed wetlands deployable floodwall bulkhead
inter-tidal ecology creation
coastal defense
reduce wave action

coastal defensecoastal defense

vegetation & trees

support drainage

vegetation vegetation & trees vegetation bioswales vegetation

Urban Coastal Reocupation & Formation
green corridors terraced &membraned edge Flood protection structure

slow rainwater runoff store exces rainwater

functions

generative 
process

coastal living 
systems

Objectives 
A1.32 slogan

To manage 
water

Resist Delay Store Discharge, a 
comprehensive Urban Water Strategy 
(2014)

Mitigate flood 
insurance

Hudson River Project: Resist, Delay, 
Stoer, Discharge (2016)

Hudson River (set 2016)  B1.min00

strategies

RESIST: Our comprehensive urban 
water strategy deploys programed hard 
infrastructure and soft Landscape for 

coastal defense A1.33

DELAY: Policy recommendations, 
guidelines, and urban infrastructure to 

slow rainwater runoff A1.33

STORE: Acircuit of interconnected 
green infrastructuer to store and direct 

excess rainwater A1.33

DISCHARGE: And water pumps and 
alternative roures to support drainage 

A1.33

resist, delay, 
store, 

discharge

Deliver co-
benefits

Typos

Resist / Delay 
Store / 
Discharge
OMA

Rebuild by design

Design 
Process

References

Narrative

Team

Design
Process

Management

Design
Principles

Budgets & 
funds

OMA building and City Partner -in- 
charge: Shohei 
Shigematsu

Project 
Manager: 
Daniel 
Pittman

AMO 

Royal 
HaskoningDHV 
Enhance Society 
Together

Water Managment 
(oldest enginieering 
firm of the 
Netherlands

Project 
Manager: 
Marten Hillen

BALMORI landscape urban 
design & Ecology

Partner - in - 
charge: Diana 
Balmori

Project 
Manager: 
Mark 
Thomann

HRA industry leading real 
state, economic 
develop. And energy 
consulting

Partner - in - 
charge: Eric 
Rothman

Project 
Manager: 
Mark 
Thomann

Team: Isaiah Miller, Stephen Clipp, 
Matthew Davis, Cyrus Penarroyo, 
Filippo Nanni, Maria Saavedra

research studio based in Rotterdam beyond traditional fields of architecture

Team: Nanco Dolman, Mathijs van Ledden, Ronald 
Stive, Bart-Jan van der Spek

Team: Javier Gonzalez-Campana, Moa 
Carlsson, James Bykowski, Reva 
Meeks, Isabel Lezcano, Matt Choot, 
Jessica Roberts

Team: Lindsey Gael, Elisabeth Waldorf



LETTERS OF SUPPORT  Bridgeport Mayor Bill Finch, Housing Authority of the City of Bridgeport, Bridgeport Neighborhood Trust, Greater Bridgeport Regional Council, Bridgeport Regional 
Business Council, The Mary and Eliza Freeman Centre, O & G Industries, Wheelabrator Bridgeport, LP, Connecticut Department of Energy and Environmental 
Protection (DEEP), Connecticut Department of Housing, Connecticut Department of Emergency Management and Homeland Security, Connecticut Department 
of Labor, US Environmental Protection Agency, National Oceanic and Atmospheric Administration, Connecticut Department of Economic and Community 
Development, Stantec, The Trust for Public Land, The Business Council of Fairfield County, City of Stamford, New Haven City Plan Department, City of 
Amsterdam.

integration A1.6, A1.19

exchange A1.6, A1.21

Identity A1.6, A1.22

hard lines: protective infrastructure links communities

soft lines: pequonnock river, Inland Waterways and 
Offshore Habitats

Resilience centers: resilience, education and design. 
economic lines: neighborhood revitalization and 
economic development

South end : protecting the community

Black Rock Harbor: Powering the city

Downtown: Connecting the center

Pequonnock: claiming the edge

incremental and integrative approach A1.3 : framework 
for resilience A1.16

four key elements A1.10

stablishing 4 investment areas for phase One projects 
that define the city's most vulnerable areas A1.8

From vulnerability to integration

From vulnerability to resilience integration A1.19

Waggonner and Ball

unabridged Architecture

Gulf Coast Community Design Studio

Yale University

ARCADIS

A. RBD A1. WB unabridged w/ Yale ARCADIS_Resilient Bridgeport, Claim the edge, connect the center

A2.  Rebuilding with Resilience, Lessons from the Rebuild by Design Competition After Hurricane Sandy

A3. http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/ct-resilient-bridgeport

leaders

The City of Bridgeport, Greater Bridgeport Regional Council, The National Parks and Historic Preservation, Downtown 
Special Services District, Nature Conservancy, University of Bridgeport, South End Niebuhrian Revitalization zone, Metro-
North, the Yale Urban Design Workshop, Yale Urban Ecology and Design Lab, Long island Sound Futures, Amtrak, 
USACE, Connecticut Department of Energy and Environmental Protection (DEEP), EPA, USDA, US Fish and Wildlife, 
the WB unabridged team, State of CT Historic Preservation and Museum Division, Fed DOT, ConnDOT, Housing 
Authority of the City of Bridgeport, LIHTC developers JHM Companies, HACB's People Partners, POKO Partners.

Requested support A1.66 HUD, FEMA, The Economic Development Administration, Department of Labor, Department of Health and Human 
Services and USDA. 

Black Rock Harbor A1.67

leaders
The City of Bridgeport, Housing Authority of the City of Bridgeport, the BlackRock NRZ. The WB unabridged team, 
Bridgeport Neighborhood Trust, Design Centre, USACE, Nature Conservancy and Long Island sound Futures, 
Connecticut Department of Energy and Environmental Protection (DEEP), EPA, ASDA, US Fish and Wildlife, Fed DOT.

Downtown A1.67

The City of Bridgeport, UConn Landscape Architecture program, Fed DOT, ConnDOT, East End Neighborhood 
Revitalization Zone (NZR), the Yale Urban Design Workshop, HMGP, Greater Bridgeport Regional Council, CT Main 
Street Center, FEMA, Bridgeport Neighborhood Trust, Design Centre, the WB unabridged team, Downtown Special 
Services District.

Pequannock A1.68

Greater Bridgeport Regional Council, The City of Bridgeport, the WB unabridged team, Design Centre, UConn 
Landscape Architecture program, the Yale Urban Design Workshop, Yale Urban Ecology and Design Lab, Pequannock 
River Initiative (the city of Bridgeport, towns of Monroe and Trumbull), Nature Conservancy and Long Island sound 
Futures, USACE, Connecticut Department of Energy and Environmental Protection (DEEP), EPA, ASDA, US Fish and 
Wildlife, US DOT, ConnDOT, NY & CT Sustainable Communities Initiative, Coastal Resilience for Long Island Sound 
studies.

creation of CAC (Citizen's Advisory Committee) April 2016

Coalition at this point A1.26

small "timelines" / schemes of each studied zone A1.42, A1.33, A1.52, A1.60

evaluation of the consequences of each intervention in the four projects A1.65

Timeline

South End  A1.66

project source amount
Demolition of 37 properties on barrier beach, renaturalization and restoration of Pleasure Beach. Increasing recreational access with water taxis City of Bridgeport & Fish and Wildlife Service 5 M $ + 909.000 $
Emergency erosion control and bank stabilisation under the train station Department of Transportation 310.000 $
Repair of harbor breakwaters Army Corps of Engineers 2 M $
Steel Pointre project including elevation of roadways, burying utilities, and construction of harborside broadwalk and bike path linking downtown & east end Department of Transportation TIGER grant 11 M $

Facilitating Bridgeport's application to join the Community Rating System (CRS) as part of a regional group, providing enhanced flood protection city-wide Greater Bridgeport Regional Council 90.000 $

USDA Emergency Watershed Protecion Program - Floodplain Easement 1,2 M $
Brownfields Revolving Loan Fund 350.000 $

Reconstructing a pedstrian crossing on Congress Street Brige Federal Highway Administratin (FWHA) - Congestion Mitigation Air Quality (CMAQ) Grant 1,8 M $
Repair of damage to public housing buildings and the University of Bridgeport, protective measures, and debris removal Federal Emergency Management Agency 3.016.427, 61 $
TOTAL 52.823.271 $
PEDING GRANTS OR PROJECTS

Hurricaine Sandy Coastal Resilience Competitive Grant Program (NFWF/DOI) 1.348.868 $
Brownfields Area - Wide Planning  Grant 200.000 $

Application for acquisition of property to expand recreational areas and access to waterfront Recreation and Natural Heritage Trust Program
Program aligned with several project proposals, including living shorelines, wetlands and shellfish restoration projects, and green infrastructure interventions Long Island Sound Futures Fund (Natural Fish and Wildlife Foundation & Long Island Sound 

Study) 150.000 $

Application to restore and enhance wetlands and acquire marsh migration corridors NOAA Coastal Wetlands Conservation Grant 200.000 $
Green infrastructure and low-impact development potential to reduce pressure on Long Island Sound Stewardship sites New England Interstate Water Pollution Control Comission 23.000 $

1.921.868 $

Purchasing easements within the floodplain to contruct living shorelines

Coastal resiliency planning, emphazising opportunities to address areas os shared risk, implement green infrastructure and facilitate marsh migration

TOTAL

methods A1.14 Workshops with community partners ongoing conversations with government officials, design charrettes with critical stakeholders, public 
open houses with presentations, educational activities, all scales workshop, bike ride, river walk.

elements A1. simply modeling maps

Government

private

agents Academic

NGOs, Non-profits, and Community Groups

Typos

Resilient 
Bridgeport
Yale / 
ARCADIS

Rebuild By Design

References

Management

Narrative

Team

Budget & 
Funds

Design
Process

Design 
Principles

Implementation 
process

Increases exercise and cultural 
recreational opportunity Improve air quality

Improve phenomenological 
conditions (sounds cape, smell, 

sights, etc.)
Access to healthy food Increases exercise and cultural

recreational opportunity

Improve phenomenological 
conditions (sounds cape, smell, 

sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 

sights, etc.)

Improve phenomenological 
conditions (sounds cape, smell, 

sights, etc.)

Increases exercise and cultural 
recreational opportunity

Improve phenomenological 
conditions (sounds cape, smell, 

sights, etc.)
Safe spaces (reduce flooding)

Improve air quality Risk Protection

Safe spaces (reduce flooding) Increase available water supply Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Safe spaces (reduce flooding) Accessibility and mobility improvement

Risk Protection Accessibility and mobility 
improvement

Accessibility and mobility 
improvement

Safe locations for economic 
activities

Reduce water treatment needs Reduce water treatment needs Risk Protection Biodiversity & habitat improvement Local economic stimulation (improves 
investment and employment)

Increase groundwater recharge Increase groundwater recharge Increase groundwater recharge Reduce urban Heat Island Wider morphological coastal
gradient improve water quality Diversification of activities

Reduces Atmospheric CO2 
emissions Soil improvement Increase groundwater recharge Biodiversity & habitat improvement

Reduce urban Heat Island Reduces Atmospheric CO2
emissions
Reduce urban Heat Island

Systems 
phases

components parks bio retention gardens sand filters elevated green infrastructure green berm breakwaters constructed wetlands surge barrier flood wall recreational & cultural amenities
reduce wave energy water filtration

creation of living habitats
bio swales oysters & mollusks

permeable paving

functions

generative process

Urban Coastal Reoccupation & Formation
urban green infrastructure living shoreline flood protection system

coastal living systems



System 
stages
Phases 20 - 100 years A1.20 0 - 20 years A1.20 20 - 100 years A1.20

access to healthy 
food A1.9

access to healthy food A1.9 Improve air quality A1.12 A2.11

Health 
Functions 

Increases exercise and 
cultural recreational 
opportunity A2.8

Increases exercise and cultural 
recreational opportunity A1.15

Reduces Atmospheric CO2 
emissions A1.12

Increases exercise and cultural 
recreational opportunity A2.11

risk awareness risk awareness A2.11 risk protection A2.11
Social 
Functions 

risk protection A1.13 Accessibility and mobility 
improvement A2.11

Safe spaces (reduce flooding) A2.11

Improve water quality A1.20 
A1.9

Increase groundwater recharge 
A2.12

biodiversity & habitat improvement 
A1.9 A1.A51-54 A2.8

Safe locations for economic 
activities A2.11

Flood costs reduction A2.11

8 New pulsed diversions 
A1.A22

Dredge Siphons A1.20  
A1.5  A2.3

Barrier islands A1.3 
A1.20 A2.4

Bay Islands 
A1.3,8,9 A1.20 A2.5

Oyster reefs A1.3 A1.20 A2.4 dredged wetland backfilling and 
consolidation devices A1.12 
A1.A24 A2.4

Re-Aligned New Mississippi River 
Entry A1.11

Civic Center Amenities A2.13 Community Type – Temporary  
A2.13

Old River control Structure A2.4 Diversion Park A2.8 Hydro-Infrastructure Corridors 
Hierarchy A1.12 A2.10

Delta Parks & Eco-Levee: 
Modified Morganza to Gulf Levee

Community Type – Accommodate  
A2.13

Morganza Spillway A2.4 Pumping Station A2.8 Oil|Gas Pipeline shared network 
A2.10

New Public Infrastructure & 
Emergency Evacuation Routes

Community Type – Revitalize  A2.13

Bonnet Carre A2.4 New Boating/Marina Areas Community Type – Retrofit  A2.13
Community Type – Develop  A2.13

central-western delta 
abandonment

first eastern delta 
avulsion

second eastern delta 
avulsion A2.5 A1.A25

carbon dioxide sequestration 
A1.12

natural diversion sediment 
nourisment A1.A6

public investments focusing 
A2.12

riverbed sandbars 
slurry suction A1.A25

eventually eroded 
Chandeleur Islands 
replacement A1.8

Oyster leases and habitat relocation 
& monitorization A1.13 A1.9 A1.A52

Hydro-Infrastructure corridors 
removed material A1.12

Mississippi River flow velocity 
incrementation A1.8

eventual moving to more atractive 
and safer areas A2.12

existing barrier island 
sediment nourisment 
A1.3 A1.20 A2.4

new barrier islands 
and bay island 
generation A1.8

wetland backfilling 
and consolidation 
A1.12 A1.A24 A2.4

nutrients filtration A1.9 Birdsfoot subsidence to a salt marsh 
transgressive sand shoal  A1.9

highest subsidence rate areas 
eventual submergence A1.A3

achieved salinity 
gradient 
adjustment A1.A54 
A1.13

Additional land layer 
generation 1520 km2|80 
years [1m-thick] A1.A23

Additional land layer 
generation 34 km2|100 
years [1m-thick] 
A1.A25

Additional land layer  950 km2|80 
years [1m-thick] A1.A26

Material Available Sandbars 
A1.5

Carefully located cultchs for oyster 
reefs A1.20

Rock Gabion edge  A2.10 Outflow material at the new Head of 
Passes A1.A26

Gravity driven Pipeline 
Combination A1.5 
A1.A6,A25

Sand Engine A1.20 
A1.9 A1.8 

Oyster shell gabion 
mats A1.9

Recycle oyster shell or granite 
pebbles tear-shaped cultch A1.9

risk protection A1.13 risk protection A2.8

Increase riverine | deltaic economic-productive Capacity A1.20 Communities Delta Living Type System A1.20 A2.12

0 - 20 years A1.20 0 - 20 years A1.20 0-100 years A2.13

risk awareness A1.17

Ecological 
Functions 

soil improvement A1.12 Improve water quality A1.20 A1.9

biodiversity & habitat improvement A1.9 A2.8 biodiversity & habitat improvement A1.9 A2.8

Wider morphological coast gradient A1.3,6,7,8 Wider morphological coast gradient A1.3,6,7,8
Economic 
Functions 

Flood costs reduction A1.6,12 A1.A17 Flood costs reduction A1.18

Local economic coastal-specific activity maintenance & improvement A2.4,7 
A1.8,9

Local economic coastal-specific activity maintenance & 
improvement A2.4,7 A1.8,9

Local economic coastal-specific activity maintenance & improvement 
A2.11

Local economic stimulation (improves investment and employment) 
A2.9-11 A1.8,10

Local economic coastal-specific activity maintenance & improvement 
A2.4,7 A1.8,9

strategic located sediment wash over 
process  A1.8-8

Components Existing Diversion Structures A1.20 dredged sediment deposition devices A1.3 A1.A24 A2.4

Process eastern delta growth 

additional land layer generation 1350 km2|100 years [1m-thick] 
A1.A25  

Delta Formation & Reoccupation System [Freshwater swamp|marsh generation + Brackish marsh generation] A1.6

Draft channel removed material A1.20

eastern delta abandonment 

new flood diversion management  
[ORCS: from 30|70 split to 20|80 
future split][Morganza Spillway: 
from 1.5 M cfs to 1.6 M cfs] 
[Bonnet Carre Spillway: from 1.25 
M cfs to 1.55 Mcfs]

10 % sediment supply augmentation for 
Barataria and breton Basins A1.A3

dredged sediment strategic location   A1.20 A1.9 A1.8

 available river sediment sandbars 
augmentation  A1.A3,A25

sediment retention A1.3 A1.8 A1.A24 A2.4

A1   H3 Studio. 2015. The New Misi-Ziibi Living Delta. Changing Course for the 22nd century.  Summary Report.   http://changingcourse.us/

A2   H3 Studio. 2015. The New Misi-Ziibi Living Delta. Changing Course for the 22nd century. Final presentation.   http://changingcourse.us/

A3   The St. Louis chapter of the American Institute for Architects awarded the plan “the MISI-ZIIBI LIVING DELTA for the 22nd century – a healthy, productive and resilient delta” with a Citation Award 
in the category Unbuilt last September 15.    https://www.youtube.com/watch?v=nfqEo4872HA

B. Online Publications B1   Mississippi River Physical & Cultural Geography & History.    https://en.wikipedia.org/wiki/Mississippi_River

C. 2012 Coastal Master Plan C1  State of Louisiana. Louisiana Comprehensive Master Plan for a Sustainable Coast. http://changingcourse.us/

D. Coastal Sustainability 
Studio

D1  Louisiana State University. The Coastal Sustainability Studio: Collection of Works 2009-2015. http://changingcourse.us/

A. Changing Course 
Competition

Stabilization + Ground Work Continued growth
Management Institution
Water diverted at ORCS

approval USACE & Federal Government
river realignment design
 A1.20

STATE approval Federal & State agency
beneficial dredging material to be used 
throughout the deltaENTITIES Multi-national corporations, 

state & local agencies 

Had developed a shared 
infraestructure for the hydro-
energetic corridors  A1.20

LOCALS fun & educational esperiences A2.80,84

estratégias Structure the reinvestment, migration and 
evolution of both economy and community 
A1.20

Stabilization efforts and setting in motion the 
policies and proceses for the long term 
projects  A1.20

adaptative management A1.20

2nd channel + eight sediment diversions + 
beneficial dredging + dredge siphons + outflow  
A1.20

exact placement, design features, 
construction methods

coordination

Civic amenities + infrastructure 
from public investments location: 
highest levels of protection areas  
A1.20

0-20 years [near-term] 20-100 years [long-term] 

agentes FEDERAL federal 
action 

fund thinking

civic 
dialogue & 
open 
discussions

Stages All of the aforementioned policies, 
strategies, and goals are critical to 
immediately begin the process of planning, 
design, and construction. 20 years is the 
projected time frame for implementation 
and operation of largescale strategies.   
A1.20

dredge siphons + new channel + sandbars + 
dispersion + marshes + oyster reefs + H-E 
corridors A1.20

métodos

1. from Mississippi's course catastrophic Natural change to 
Mississippi's course Network of Constructed Distributaires 
A1.5

From risk to resilience

2. from Socioeconomic Delta Core inevitable Drowning to 
Community, Economy & Ecology reinforced Protection A1.5 From risk to resilience

3. from Mississippi's limited Sediment Budget to Sucessional 
Deltaic Landscape High-capacity Diversion  A1.5   A1.A71  From structures to landscape

4. from living on the water to living near the water  A1.15 From risk to resilience

5. from the Organic Deteriorating delta marsh to fresh Mineral 
Active delta Marsh A1.19 From risk to resilience

6. from extensive network of dredged access canals for oil 
and gas extraction and navigation to reduced Hydro-
infrastructure corridors and navigation channels closely 
monitored during diversion pulses.  A1.12 A2.8

From research to research by design

7. from salinity transgresion to adjustable pulse diversion and 
stable salinity gradients.  A2.6 A1.13 A.A54 From research to research by design

8. from management after structure building to design cycle of 
adaptative management and land building.  A1.A21 From research to research by design

Project Director A1.0 John Hoal, Ph.D, H3 Studio, Founding Partner
Core Team A1.0 Sam Bentley, Ph.D, LSU Coastal Studies Institute, Alexander S. Kolker, PhD, 

Assistant Professor, Louisiana University Marine Consortium, Matthew Bernstine, H3 
Studio, Project Manager, Robbert De Koning, Landscape Architect, Michael J. 
Donahue, PhD, URS, Vice President, Water Resources and Environmental Services, 
Tony Minns, Ph.D, HKV, Senior Advisor, Dan Etheridge, Colectivo, Andrew Nyman, 
Ph.D, Associate Professor of Wetland Wildlife Ecology, LSU, Derek Hoeferlin, 
Registered Architect, Assistant Professor Washington University in St. Louis, Mike 
Patorno, URS, Vice President, Water Business Unit Line, West/Gulf Coast, Tom 
Hunter, URS, Planning Group Manager, Shaye Sable, Ph.D, Dynamic Solutions, 
Senior Fisheries Biologist, Fredrik Huthoff, PhD, HKV, Partner, Jenneke Visser, Ph.D, 
Associate Director Institute for Coastal Ecology and Engineering, UL Lafayette.

Staff Support Team  
A1.0

Lex Agnew, Washington University in St. Louis, Hermjan Barneveld, HKV, Senior 
Consultant Rivers and Coasts, Cristina Clow, Washington University in St. Louis, 
Geerten Horn, HKV, Modeling Support Team, Courtney Cushard, H3 studio, 
Associate + Designer, Andy Lee, Washington University in St. Louis, Nick 
DeGennaro, Ph.D, URS, Water Resources Department Manager, Jimmy Rayburn, 
URS, Branch Manager/Senior Project Manager, Mark Gonski, URS, Project Manager, 
Structural Engineer, Carolien Wegman, HKV, Modeling Support Team, Taylor 
Halamka, Washington University in St. Louis, Junru Zheng, H3 studio, Designer.

Typos

The new MISI 
- ZIIBI LIVING 
DELTA

Studio 
MISI-ZIIBI

Changing curse

References

Design
Process

Design
Principles

Team

Implementation 
Process

2009 2015
Coastal Sustainability Studio B1

2012 2032 2065
2012 Louisiana Comprehensive Master 
Plan for a Sustainable Coast B1

 1st Projects Implementation Period  2nd Projects 
Implementation Period

The Baird Team Workshop  A2.C INTERIM GOALS + OBJECTIVES
Fall 2014 - Spring 2015                    
Sumer 20015

Changing Course Competition  A.n Desing Competition /Evaluation 
& Engagement

2035 2115

STUDIO MISI-ZIIBI Proposal THE NEW MISI-ZIIBI LIVING DELTA     |
2015 2017

2017 Master Plan Selected projects ideas 
implementation

Master plan publication 

timeframe 2009 2012 2015 2017 2032 2065 2115

processes
Visual Communication + Community + Design Speculation 
+ Research Projects + Education + Capacity                                                                        
Building



4rd Generation

Positioned for Change

Controlled flood 
structures A1.7

New Mouth A1.7

Multi-height spillway 
structures  A1.7

Deep draft navigation channel 
A1.7

Settling basins  A1.7 Port Sulphur  A1.7
Sediment Traps  A1.7 Sediment traps & Sand Engines  

more vulnerable 
communities reduced  A2.71

Delta Cycle 
reoccupation A1.7

Tactics Implementation A1.7 Natural & Human Systems' 
Adaptation A1.7

Delta as the greatest asset  A1.7

From Flood Control to Controlled 
Flood Pulses

Transform the Lower River Consolidation and Economic Dividends

allowing river floods to 
organize ecosystem 
development A1.7

Allowing the process the River 
has already begun in the 
Southwest Pass navigation 
channel  A1.7

management

concentrating along current 
and future areas of high 
ground and infrastructure 
A1.7

Keep adapting in the face of changing 
climate and economies  A1.7

A decision was made, one that 
generated great prosperity 

for four generations but whose 
time has come to adjust

have adapted to increased fluctuation 
in the Mississippi River A1.7

Port infrastructure + 
associated support 
infrastructure  A1.7

in
ve

st
m

en
t &

 
co

ns
tru

ct
io

n

strategic development of 
dense communities  A1.7

Increase the flow of sediment into our 
wetlands while improving the 
dependability and capacity of 
navigation  A1.7

State, Local & Federal Tax 
Revenue coming from the 
maritime commerce A2.71

consolidation

fin
an

ce
 

Locals

Agents Federal control & 
management

Army Corps of 
Engineers A2.74

State investment & 
construction

City

Entities have provided a clear future for 
communities, industry and the 
workforce  A1.7

1st Generation: Connect 2nd Generation:  Align 3rd Generation: Adapt

Port infrastructure + 
economic activity = globally 
competitive port region  
A2.71

consolidation

Strategies

System stages

Phases
Health Functions 
Social Functions N. Orleans safer 

spaces (reduce 
flooding) A1.6

Intra-basin flood control 
A1.6

Wider estuarine 
area A2.57

Estuarine gradient Intra-
basin balance A1.6

Safe locations for 
economic activities

Reduce energy 
uses A1.9

Local coastal-
specific activity 
maintenance & 
improvement A1.6

natural overflow 
devices

current river mouth 
occlusion device 
A1.7

Port Sulphur 
development A1.7

controlled flood-
pulse structures 
A1.5

Gulf Intracoastal 
Waterway West Closure 
Complex (GIWW) A1.6

multi-height 
spillways A1.6  
A2.63

Settling 
Basins 
A1.6

sediment 
traps A1.6  
A2.64

more robust levee 
system A1.7

dedicated 
dredging 
A1.6,7

birds foot 
abandonment A1.6 

wetland 
restoration 

projects 
 stimulate 

natural sediment 
delivery  A1.6

sediment 
fixation

sediment 
nourishmen

t A1.6

sinking process  
A1.6   A2.67

 stimulate natural 
distribution 

currents A1.6

barrier island and 
shoreline reinforcement 
A1.6 A2.57

natural nourishment 
A1.6   A2.67

Material Sand engine A1.6   A2.58

Aligned River 
Mouth A1.7

avulsion growth natural over-wash transgression A1.6

sediment nourishment

simulate seasonal salinity gradients A1.7

Components
controlled avulsion devices sediment catchment 

structures Sand engine A1.6   A2.58

Biodiversity & habitat improvement A2.27,57

Delta Formation & Reoccupation System [Freshwater swamp marsh generation + Brackish marsh generation] A2.48

resilience improvement to face hurricane wave attacks

Process

Biodiversity & habitat improvement A2.27 Local economic stimulation (improves 
investment and employment) A1.6

Economic 
Functions Flood costs reduction A1.6 Safe locations for economic activities 

A1.6

Local economic stimulation (improves investment and employment) A2.12,27

25 - 100 Years A2.48-51   A1.7 25 - 100 Years A2.48-51   A1.7
Increases exercise and recreational opportunity A2.75-76 higher-quality fishery species 

Employment opportunity catalyst for 
locals

Ecological 
Functions 

Flood patterns’ climate change disturbances attenuation A1.6 wider estuarine area A2.57

Gulf hypoxia reduction

Increase riverine | deltaic economic-
productive Capacity A1.7

0 - 100 Years A2.48-51   A1.7

2009 2015
Coastal Sustainability Studio B1

2012 2032 2065
2012 Louisiana Comprehensive Master Plan 
for a Sustainable Coast B1

 1st Projects Implementation Period  2nd Projects 
Implementation Period

Fall 2014 - Spring 2015                    Sumer 20015

Changing Course Competition  A.n Design Competition  |                             |Evaluation & Engagement 2040 2065 2090 2115

Moffatt & Nichol-West8-LSU CSS Proposal The Giving Delta 1st Generation 1st Generation 2nd Generation 2nd Generation 3rd Generation 3rd Generation 4th Generation 4th Generation

2015 2017

2017 Master Plan Selected projects ideas implementation Master plan publication 

timeframe 2009 2012 2015 2017 2032 2040 2065 2115

Visual Communication + Community + Design Speculation + 
Research Projects + Education + Capacity Building

processes

The Giving Delta proposal shows a plan to be stretched across the next four generations in order to leverage the natural ability of human settlement to adapt and change to 
this long-term vision. The first generation is in charge of The Delta Cycle of river reoccupation and river abandonment, harnessed to enhance diverse levels of estuarine 
productivity across the coastal basins by allowing river floods to organize ecosystem development. A1.4,7 A2.46

Slogan The Giving Delta > Delta as human 
nourishment resource

Why? > Delta as a Dysfunctional Static 
System  A1.3-4

how? > Delta as a Reestablished System, the 
Annual River Cycle

Way to achieve it

>   3 layers / 
Frameworks 
for action                                                                       
A1.5   A2.42-53

 >   Tactics                                             
A1.6   A2.54-
71

4 Generations Phasing                                                                           
Stretching the framework plan across 
the next four generations                                        
A1.7

EMPOWER THE RIVER to nourish the human, 
economic, and ecological systems that depend on the 
River as a shared resource.

Individuals (As the Giving Tree boy) do 
not think in 100-years increments, the 
team proposes 100-years increments 
through 4 generations A2.46

Sustain Pulse-Driven 
Sediment 
Budgets   A2.66

BUILD AND SUSTAIN WETLANDS to mitigate the 
effects of climate change and subsidence and to slow 
the inevitable marine transgression of the Delta

and leverages the natural ability of 
human settlements to adapt and 
change to this long-term vision. A1.7

Build Year-Round 
Sediment 
Budgets    A2.67

This analysis establishes values that appropriately steer 
management and planning options related to present and future 
risks.

STRENGTHEN LIVING CULTURES of Coastal 
Louisiana to remain and to thrive.

1st Generation: Connect - From Flood 
Control to Controlled Flood-Pulses

Annual Sediment 
Volumes           
A2.68

EMBRACE CHANGE as an underlying condition and 
benefit t of living in the delta.

2nd Generation: Align - Transform the 
lower Mississippi

Potential Multi-modal Future 
at Port Sulphur               
A2.69

SECURE ECONOMIC INDISPENSABILITY of the 
working coast, which is indispensable for the nation

3rd Generation: Adapt - Consolidation 
and Economic Dividends

Larger Draft Vessels for 
Competitiveness                
A2.70

Our team uses this systems analysis to link multi-purpose needs of 
the diverse services and stakeholders that a large river system and 
coastal network provides.

INTEGRATE INVESTMENTS in every dollar spent to 
yield multiple benefits for cultural, infrastructural, 
economic, and ecological systems

4th Generation: Positioned for Change Channel Investment Pays 
for Itself                             
A2.71

Community 2.GIWW 
Inter-basin                                      
8.Sand 
Engines                                            
3.Multi-
heigh 
Spillways

since two centuries ago....                                                                                                                                                                                                                                                    
Mississippi Delta since 18th century = Static solidified coastal 
boundary in the course of dissolution A1.3,7                                                                                                         
Carved up wetland erosion + subsidence below the sea A1.3,7                                                             

Complex systems of large landscape require a systems analysis of 
interacting natural and social infrastructure that involves the flows 
of water, energy, materials, and money

Ecosystem 1.Flood 
Pulse                                
4.Sediment 
Traps                           
5.Settling 
Basins

letting the River go without control....                                                                                                                                                                                                                                                    
Mississippi Delta today = Starving deltaic wetlands needed of 
pulses of sediments & freshwaters A1.3                                                                                                                                   
Severe river constriction + almost certain flow transition to 
Atchafalaya River + locally, nationally and globally calamitous 
effects  A1.3                                                             

Economy 6.River 
Mouth 
Aligned                               
7.Port 
Sulphur 

The problem has always been that non-market values of natural 
systems, particularly those in large dynamic landscapes such as 
coastal deltas, are not realized until some major disturbance 
makes us aware of the true long-term cumulative impacts.beyond the proposal.... Mississippi Future Delta = Functional 

System after Severed critical linkages and crucial connections 
Reestablishment A1.5  Matching bold vision + strategy of 
implementation will benefit each generation if we muster the 
political will to get it started A1.3

Reward-Benefits-Proposal Strength

There seems to be a 
parallelism between 
the proposed slogan 
and the book "The 
Giving Tree", which 
open in 1964 a 
dialogue about the 
balance between 
human exploitation of 
nature and nature 
maintenance and 
respect needs. 
Therefore there is 
also a parallelism 
between the ages of 
the child in the book 
and the proposed 
stages or 
generations that we 
can read in the baird 
team proposal. C1

The naturally evolved Mississippi Delta 
would be now in the fourth stage after 
human occupation, where men have 
taken everything from its wetlands, 
even delta integrity, in order to maintain 
human society. Now humans ask for 
more, but the only thing left to be gift by 
the Delta is a place to sit and rest, a 
place for death.  C1                                                                                                
It is time for the Delta to be the main 
character of its own story and for 
humans to take a step back and 
become now the giving humans who 
will provide the Delta for a whole 
century with the needed tools to cope 
with climate change future challenges.                                                                                               
Therefore, a metamorphosis is needed 
within the society, a generation might 
die to achieve the goal of a working 
delta. After a century as giving humans, 
the next generation will be Positioned 
for Change.

Louisiana and the nation 
can leverage a dynamic 
Mississippi River that 
can continuously 
replenish this edge to 
sustain a thriving 
wetland zone that 
protects and promotes 
its industrial economy, 
sustains ecosystem 
productivity, and 
nourishes human 
occupation. A1.1                                                                                                   
The team even scales 
the Delta value as a 
human nourishment 
resource: The Louisiana 
coastal zone is worth 
roughly $140 Billion 
annually to the United 
States the same as the 
US Auto Industry.  A1.1

more than two centuries ago....                                                                                                                                                                                                                                                                   
Mississippi Delta history = Unforgiving and unpredictable 
landscape transformed into an indispensable working 
landscape. A1.3                                                         
indispensable working landscape = essentially dynamic 

A SYSTEMS APPROACH to the Delta                                              >   Connecting the System                                                                                          
A1.4                                                                                                         A2.16-31   D1.60

Delta as a center of an infrastructural 
network that connects the country and 
feeds the world        A1.2

1. from short term human planning horizon uncertainty to long term 
environmental timeline adaptation. A1.2 From risk to resilience

2. from Delta inevitable marine transgression to Sustained wetland 
that mitigate climate change effects and subsidence. A1.2 From risk to resilience

3. from Flood Control to Controlled Flood-Pulses. A1.7 From design to design by research

4. from Bypassing the Basins to Connect the River to the Basins. 
A2.36-38 From risk to resilience

State & Local Tax Revenue (USD/year) 4.400.000.000

Federal Tax Revenue (USD/year) 3.800.000.000

type operation Capital Estimate

maritime commerce 
revenue

Additional maritime 
commerce revenue

Additional gains per every 1000 tons of 
cargo (USD/1000 tons) 14.691

Sources                                                            
(after the 50+ 
feet channel 
construction)

8.200.000.000
Large-scale Master Planning & 

Design
Landscape Interventions

Bridging the efforts of 
Scientists
Engineers
Architects

Landscape Architects 
to envision a better future for coastal 

Louisiana
Deltares A1.2

RAND Corporation A1.2

Ioannis Georgiou, PHD A1.2

Headland and Associates A1.2

Louisiana State University Coastal Sustainability 
Studio A1.2

Independent assessments of the 
physical condition of deltas, coastal 

areas and river basins

M&N Diverse team                                              
[innovative approach 

to map out a bold 
framework A1.2] 

Expertise planning, design & 
executing large-scale Coastal 
Engineering and Ecosystem 

Restoration Projects

Moffatt & Nichols A1.2

Highly focused 
team                             

[Composed of 
multidisciplinary 

practitioners A1.2]

West 8 Urban Design and Landscape Architecture 
A1.2

Narrative

The Giving 
Delta
Moffatt &Nichol 
West 8
LSU  -  CSS

Changing curse

Design 
Process

Types

References

Budgets & 
funds

Design
Principles

Team

Implementation 
Process

A1 Moffatt & Nichol, West 8, LSU CSS, Deltares, RAND, Ioannis Georgiou, Headland & Associates. 2015. The Giving Delta. Changing Course Phase 1. 
http://changingcourse.us/
A2 Moffatt & Nichol, West 8, LSU CSS, Deltares, RAND, Ioannis Georgiou, Headland & Associates. 2015. The Giving Delta. Changing Course Phase 1. 
Leadership and Technical Team Final presentation.  http://changingcourse.us/
B3 Working Landscapes. http://working-landscapes.com/project/the-giving-delta/
B4 X Section Journal. http://www.xsectionjournal.com/international-2015/2015/11/18/the-giving-delta

C. The Giving Tree C1 Shel Silverstein. 1964. The Giving Tree. 
D. Coastal Sustainability Studio D1 Louisiana State University. 2016. LSU Coastal Sustainability Studio. http://css.lsu.edu/wp-content/uploads/2016/06/CSS-Collection-of-Works-2009-2015-

UPDATED.pdf
E. 2012 Coastal Master Plan E1  State of Louisiana. Louisiana Comprehensive Master Plan for a Sustainable Coast. http://changingcourse.us/

A. Changing Course Competition

B. Online Publications





ANEX0 Il

 GLOSARI0

A

Abrasion
The act of wearing away by friction. 
JAY Christensen,
(Christensen, 2005)

Accelerated erosion
The movement of earthen particles in water runoff increased by human 
activities influencing the land. Activities causing increased erosion include 
removal of vegetation, loosening of soil, concentrating areas of runoff, or 
interruption of natural drainage patterns.
(Christensen, 2005)

Acidic 
1. Soil or water with a pH less than 7.0.  Some only consider acidic to be 6.6 
or less. 
2. Igneous rocks containing more than 65% silica. 
(Christensen, 2005)

Adapt 
To make suitable for a particular purpose, requirement, or condition, by 
means of modifications or changes.
(Christensen, 2005)
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Adaptation
(1) In Biology, an adaptation, also called an adaptive trait, is a trait with a 
current functional role in the life history of an organism that is maintained 
and evolved by means of natural selection. Adaptation refers to both the 
current state of being adapted and to the dynamic evolutionary process that 
leads to the adaptation.
(Huxley, 1942)
(2) Adaptation. could no longer be considered a static condition, a product of 
a creative past, and became instead a continuing dynamic process.
(Mayr, 1982)
(3) Adjustment in natural or human systems in anticipation of or response to 
a changing environment in a way that effectively uses beneficial opportunities 
or reduces negative effects.
(the White House. Barak Obama, 2013)
(4) Adjustment in natural or human systems in response to current natural 
hazards and actual or expected climate change impacts. Actions taken to 
help communities and ecosystems moderate, cope with, or take advantage 
of actual or expected changes in weather and climate conditions. 
(NOAA)

Aerate 
Mixing air into soil, water, or other substances as a natural process or 
designed effort. 
(Christensen, 2005)

Aerobic 
With or requiring air, oxygen.
(Watson; Adams, 2011)

Agent 
One who is empowered or authorized to enter into binding legal transactions 
on behalf of another, for a principal, or for an entity.
(Christensen, 2005)

Aggradation 
1. The addition of a material to the ground surface to produce a uniform 
grade or slope. 
2. The filling of a stream channel with sediment. This may occur because of 
low or slow flows, and/or heavy sediment loads in the water
(Christensen, 2005)
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Agitator 
1. A mechanical device used to mix various liquids and powders contained 
in a vessel. 
2. A device for mixing and maintaining plasticity while preventing segregation 
of the components of concrete
(Christensen, 2005)

Air break 
In a drainage system, a piping arrangement in which a drain from an 
appliance, device, ground surface area, or fixture discharges into the open 
air and then into another fixture, receptacle, or interceptor. This is used to 
prevent back siphonage or backflow
(Christensen, 2005)

Air-lift pump 
A pump used for raising water from a well that is comprised of a compressed 
air delivery pipe surrounded by a larger pipe that delivers water from below 
because of pressure from the smaller pipe. 
(Christensen, 2005)

Air purge valve 
A device that removes trapped air from pressurized pipes. 
(Christensen, 2005)

Air release valve 
A valve that releases air from a pipe or device under water pressure. 
(Christensen, 2005)

Air vessel 
An enclosed chamber with a volume of air connected to a water system in 
which air is compressed to varying degrees as water pressures fluctuate. 
This assures a more uniform flow. It also deters water hammer by air 
compression when water shutoff occurs abruptly. 
(Christensen, 2005)

Alfalfa valve 
An outlet valve attached to the top of a pipeline riser with an opening equal 
in diameter to the inside diameter of the riser pipe. Includes an adjustable 
cover to control water flow.
(Christensen, 2005)
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Algae bloom 
In water features, the rapid growth of algae instigated by an increase in 
temperature and the presence of nutrients.
(Christensen, 2005)

Alluvial deposit soil 
Mud and detritus transported by a river and deposited-usually temporarily- 
at points along the floodplain of a river. Commonly composed of sands and 
gravels.
(Watson; Adams, 2011)

Alluvial fan 
Sediment deposited by a stream in a fan shape (when viewed from the air), 
usually at the bottom of a slope. This is a common land feature in dry regions 
at the base of slopes where streams slow, allowing their sediment to settle 
and deposit.
(Christensen, 2005)

Anaerobic 
Without au, no oxygen. Also see anoxia.
(Watson; Adams, 2011)

Anthropocene
Considering these and many other major and still growing impacts of human 
activities on earth and atmosphere, and at all, including global, scales, 
it seems to us more than appropriate to emphasize the central role of 
mankind in geology and ecology by proposing to use the term Anthropocene 
for the current geological epoch. The impacts of current human activities 
will continue over long periods. According to a study by Berger and Loutre, 
because of the anthropogenic emissions of CO2, climate may depart 
significantly from natural behaviour over the next 50,000 years. To assign 
a more specific date to the onset of the Anthropocene seems somewhat 
arbitrary, but we propose the latter part of the 18th century, although we 
are aware that alternative proposals can be made (some may even want to 
include the entire holocene). However, we choose this date because, during 
the past two centuries, the global effects of human activities have become 
clearly noticeable. This is the period when data retrieved from glacial ice 
cores show the beginning of a growth in the atmospheric concentrations of 
several greenhouse gases, in particular CO2 and CH4.

Without major catastrophes like an enormous volcanic eruption, an 
unexpected epidemic, a large-scale nuclear war, an asteroid impact, a 
new ice age, or continued plundering of Earth´s resources by partially still 
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primitive technology (the last four dangers can, however, be prevented in a 
real functioning no sphere) mankind will remain a major geological force 
for many millennia, maybe millions of years, to come. To develop a world-
wide accepted strategy leading to sustainability of ecosystems against 
human induced stresses will be one of the great future tasks of mankind, 
requiring intensive research efforts and wise application of the knowledge 
thus acquired in the no sphere, better known as knowledge or information 
society. An exciting, but also difficult and daunting task lies ahead of the 
global research and engineering community to guide mankind towards 
global, sustainable, environmental management.
(Crutzen; Stoermer, 2000)

Anthropogenic 
Resulting from or produced by human beings.
(Watson; Adams, 2011)

Anthropomorphic 
1. In ecology, connoting human influence. 
2. In design, ascribing human characteristics to nonhuman things.
(Christensen, 2005)

Anthropogenic emissions 
Emissions of greenhouse gases, greenhouse gas precursors, and aerosols 
associated with human activities. These activities include the burning of 
fossil fuels, deforestation, land use changes, livestock, fertilization, etc., that 
result in a net increase in emissions.
(IPCC, 2012)

Aquatic 
Referring to watery environments. In hydrologic gradient, the aquatic 
environment begins at emergent wetlands. These environments are 
characterized by the growth of floating or submerged plants.
(Christensen, 2005)

Aquatic plant 
A plant that can grow in water whether floating or in saturated soil conditions.
(Christensen, 2005)
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Aquifer 
A geologic formation that is water bearing and transmits water from one 
point in the formation to another.
(Watson; Adams, 2011)

Aquifer recharge area 
An area in which a significant amount of surface water runs into groundwater 
by: 
1. The infiltration into the soil or other rock materials that are directly below 
the surface: 
2. The downward movement of water through the materials that comprise 
the zone of aeration: 
3. The delivery of water into the zone of saturation where it becomes 
groundwater.
(Christensen, 2005)

Area Drain
A receptacle or depression designed to collect runoff.
(Christensen, 2005)

Artesian well 
1. A well made by boring into the ground to a point where an underground 
supply of water is reached with more pressure than needed to bring it to the 
surface. This creates a well that flows without the need of a pump. 
2. A deeply bored well.
(Christensen, 2005)

 
Atoll Terrace
An emergent, narrow, double-sloped ridge formed at the subtidal perimeter 
of a salt marsh footprint. Constructed of strategically placed and planted 
dredged material, this ridge or terrace evokes the appearance of a 
discontinuous atoll perimeter, and functions as a sediment trap to support 
marsh accretion through sediment deposition.
(Beck; Shepard, 2012)
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Attenuation
Attenuation relates to the storage of excess stormwater during the peak of a 
storm, followed by controlled release of the stored water. The rate of release is 
designed to be lower than the rate of runoff from a site prior to development, 
effectively mimicking the natural flows from the site. The construction of hard 
surfaces (roofs, patios, driveways etc.) on areas of land that were previously 
undeveloped, changes the way water runs off the property. It removes natural 
soakage and vegetation that would have previously slowed the run off. The 
impact is that the volume of runoff increases and the stormwater network 
(pipes, drains and streams) reaches capacity far more often and much more 
quickly. (Beck; Shepard, 2012)

B

Backshore 
The area of land between a beach berm and a distant landward slope.
(Christensen, 2005)

Backshore slope 
The bank or slope landward of the shore that is naturally formed.
(Christensen, 2005)

Bankfull discharge 
The flow of a river when it is full to the top of its banks.
(Christensen, 2005)

Bank stabilization
A vegetative, structural or combination treatment of streams designed 
to stabilize the stream and reduce erosion. It is important to note that a 
systemic analysis of the entire reach of stream must be conducted in order 
to avoid unintended negative impacts on a stream as a result of a corrective 
action at an isolated location.  
(City of Springfield. Stormwater Services, 2008)
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Barrier
Barrier beaches Spits of sand that form parallel to the shore.
(Watson; Adams, 2011)

Barrier dune
A large mass of coastal sand dunes paralleling the shoreline.
(Christensen, 2005)

Base Flood
The national standard for flood plain management is the base, or one percent 
chance flood. This flood has at least one chance in 100 of occurring in any 
given year. It is also called a 100-year flood.
(USACE Institute for Water Resources) 

Base flow 
The flow in a stream berween storm event&, supplied by groundwater.
(Watson; Adams, 2011)

Basin
1. A depressed area of land identified by higher areas surrounding it or 
nearly so.
2. Shallow, concave area meant for holding water or other liquids.
3. An area to which all surface water drainage gathers to a selected point in 
a natural or man-made drainage area.
(Christensen, 2005)

Basin irrigation 
Irrigation achieved by flooding areas of level land surrounded by dikes. Used 
interchangeably with level border irrigation, but basin irrigation often refers 
to smaller areas.
(Christensen, 2005)

Bathymetry
The measurement of the depths of water in oceans, seas, and lakes below 
sea level. 
(NOAA)
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Bay
1. A group of regularly repeated special items defined by ribs, joists, or 
beams and their supports within a structure.
2. An alcove or recessed area defined by plants laid out in a design.
3. A parking bay of contiguous parking stalls in a single row.
4. A garland or crown of laurel representing excellence or victory.
5. A compartment or stall in a barn. 6. A portion of a larger body of water that 
projects into a land area with the land surrounding most of its perimeter.  
(Christensen, 2005)

Bay Nourishment
The introduction and strategic placement of material, generally quantities 
of sand or dredged material, by mechanical means within an estuarine 
embayment to supplement the natural processes of sediment delivery 
from the ocean via overwash and from the upland watershed. Reasons for 
nourishing a bay include creating reserves of sedimentary material and 
supplementing the cycles of sedimentary deposition at salt marsh islands 
within the intertidal zone, thus equalizing the rate of marsh accretion with 
the rate of sea level rise. 
(SCR Structures of Coastal Resilience, 2014)

Beach Nourishment
Replacement or augmentation of beach sand removed by ocean waters. It 
may occur naturally by alongshore transport or be brought about artificially 
by the deposition of dredged materials or material from upland sites.
(Watson; Adams, 2011)

Beam
1. A ray of light or a group of nearly parallel rays of light.
2. A relatively large structural member placed in a structure to carry loads 
(usually of joists, or girders). These members are usually metal or wood and 
carry loads from other transfer members such as joists, girders, etc.
3. A long, heavy, wood member.
(Christensen, 2005)

Bed
1. An area of soil covered by plants or prepared for planting.
2. A cultivated area of land.
(Christensen, 2005)
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Bench
1. Anything made to accommodate more than one person sitting side by 
side; may be made of logs, metal, lumber, fiberglass, marble, concrete, etc.
2. A level area of earth or a level land form.
(Christensen, 2005)

Bench sander 
A power sanding machine, usually mounted on a stand or bench, used to 
smooth objects held against it with a rotating abrasive disk or belt.
(Christensen, 2005)

Bench terrace 
A flat area cut or filled on a hillside.
(Christensen, 2005)

Beneficial Use of Dredged Material
The utilization of dredged sediments as resource materials in productive 
ways to provide environmental, economic, or social benefit. Beneficial 
uses include agricultural uses, engineered uses, and environmental 
enhancement. The US Army Corps of Engineers fully supports and strives to 
beneficially use dredged material in all circumstances where it is practical 
and cost-effective, and where those beneficial uses can be accomplished in 
compliance with all requirements of federal law.
(USACE Institute for Water Resources)

Benefit-cost analysis
A comparison of economic benefits and costs to society of a policy, program, 
or action.
(Stelk; Christie, 2014)

Benthic
Pertaining to the subaquatic bottom or organisms that live on the bottom of 
water bodies. 
(USACE Institute for Water Resources) 
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Bentonite
1. Any clay that can prevent the penetration of water and may be used as a 
liner for ponds, or other man-made water bodies. 
2. A powder formulated from fossilized volcanic ash  that is often mixed with 
water and added to clay to make a water-resistant gel. 
3. A clay characterized by high absorption commonly swelling to several 
times its dry volume when saturated with liquid. 
(Christensen, 2005)

Bioavailability 
With regard to landscape and plant nursery work, the amount of substance 
readily available to plants as a nutrient or toxin.
(Christensen, 2005)

Biodiversity 
Diversity and number of species of plants and animals at various scales in a 
defined area, or habitat, measured by a variety of indices such as number of 
species and distribution of individuals among species.
(Watson; Adams, 2011)

Biogeographical 
A reference to the geographical distribution of a living organism.
(Christensen, 2005)

Biomass
1. Living matter (living tissues of plants, animals, bacteria, etc.) present in 
an area.
2. Living matter capable of being converted into usable energy through 
biological or chemical processes.
3. The weight of organic material (living matter or matter produced by living 
things) within an area and sometimes a specific surface area (usually 1 sq 
m). (Christensen, 2005)
Biome 
Major and distinct regional element of the biosphere, typically consisting of 
several ecosystems (e.g., forests, rivers, ponds, swamps) within a region of 
similar climate.
(Watson; Adams, 2011)
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Biomimicry 
1.Nature as model. Biomimicry is a new science that studies nature’s models 
and then imitates or takes inspiration from these desgins and processes to 
solve human problems, e.g., a solar cell inspired by a leaf.
2.Nature as measure. Biomimicry uses an ecological standard to judge the 
“rightness” of our innovations. After 3.8 billion years of evolution, nature has 
learned: What works. What is appropriate. What lasts.
3.Nature as mentor. Biomimicry is a new way of viewing and valuing nature. 
It introduces an era based not on what we can extract from the natural world, 
but onwhat we can learn from it.
(Benyus, 1997)

Bioretention 
A water quality practice that utilizes landscaping and soils to treat runoff by 
collecting it in shallow depressions and filtering it through a planting soil 
media.
(Watson; Adams, 2011)

Biosphere
Part of the Earth system comprising all ecosystems and living organisms in 
the atmosphere, on land (terrestrial  biosphere), or in the oceans (marine 
biosphere), including derived dead organic matter, such as litter, soil organic 
matter, and oceanic detritus.
(Watson; Adams, 2011)

Biota 
All living organisms of an area; the flora and fauna considered as a unit.
(Watson; Adams, 2011)

Biotechnical stabilization The conjunctive use of both live vegetation and a 
retaining structure. This also includes grass or ground covers planted in a 
mesh or mechanical system.
(Christensen, 2005)

Biotic
1. Living things.
2. Related to life.
(Christensen, 2005)
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Biotope 
The area needed for a particular conglomeration of plants and animals to 
live. It may be an area larger or smaller than an ecotope.
(Christensen, 2005)

Blind drain 
A drain that is not connected to a drainage system.
(Christensen, 2005)

Bog
1. A wet ground area that is generally soft, having soil mainly made up of 
decaying organic  matter.
2. A temperate climate wetland usually exhibiting an acidic pH, and 
characterized by the presence of mosses, a diverse plant pallet, and an 
accumulation of peat.
(Christensen, 2005)

Bog garden 
Land where the soil is permanently damp.
(Christensen, 2005)

Booster pump 
A pump that increases the flow and/or pressure in a piping system over that 
which it normally maintains or produces.
(Christensen, 2005)

Border
1. An edge or boundary of a planting area or paving.
2. Plants delineating an edge
(Christensen, 2005)

Border dike 
Earth ridge built to guide or hold irrigation or recharge water in a field.
(Christensen, 2005)
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Border irrigation 
The practice of irrigating by flooding strips of land, rectangular in shape, 
cross-leveled, and bordered by dikes. Water is applied at a rate sufficient 
to move down the strip in a uniform sheet. Border strips with no down-field 
slope are referred to as level border systems. Border systems constructed 
on terraces are commonly known as benched borders.
(Christensen, 2005)

Bottomland 
Floodplain areas of lowlands. They may be wetlands and are often dominated 
by wetland tree species. 
(Christensen, 2005)

Bottom oyster cages
Type of mesh containers (basket, bag, cage, etc.) used for oyster farming 
that are kept above the seafloor. Oysters grown this way are typically 
hatchery-reared single set oysters instead of clumps of oysters normally 
found in the wild. When properly operated, the containers provide protection 
from predators and eliminate burial in sediment, allowing oysters to be 
cultured in areas where oysters would not survive on the bottom (e.g., high 
salinity areas where predation rates are very high or where the substrate is 
too soft). Off-bottom oyster culture is distinct from public commercial and 
recreational fisheries on public oyster beds, traditional on-bottom oyster 
farming on private oyster grounds, oyster restoration efforts focused on 
establishing reefs for the various ecosystem services that they provide, and 
oyster gardening, which is non-commercial culturing of oysters, often to 
assist with restoration efforts. (Walton; Davis; Supan, 2013)

Brackish
1. A term used to describe saline water.
2. A term less correctly used to describe stale or stagnant waters such as in 
swamps, etc.
3. Anything salty, including soil.
(Christensen, 2005)

Branch line 
In irrigation pipe systems, this is any pipe that diverges or branches off from 
another pipe in the direction of water flow from a valve through the pipes.
(Christensen, 2005)
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Breakwater
1. An artificial earthen (soil, rock, concrete, rubble, boulders) barrier in a 
water body, extending above the water surface and perpendicular to the 
shoreline. It is generally used to change the natural littoral drift, to protect 
inlet entrances from clogging with excess sediment, or to protect a harbor 
area from waves created by boats, winds, or water currents.
2. A overing of a shoreline area with heavy rock, boulders, concrete pieces, 
etc. to prevent erosion of the shoreline.
(Christensen, 2005)

Brownfield
An abandoned, idled, or underused industrial or commercial facility 
where expansion or redevelopment is complicated by real or perceived 
environmental contamination.
(Christensen, 2005)

Built environment
1. The elements of the environment that are generally built or made by 
people rather than natural processes.
2. The whole of the human physical surroundings and conditions that have 
been constructed.
(Christensen, 2005)

Bulwark 
A solid structure built for defense or protection as with a sea wall or 
breakwater.
(Christensen, 2005)

Bund 
A long, narrow wall or embankment along a body of water.
(Christensen, 2005)

Bypass 
In piping, an optional water route through an extra pipe, diverting water 
and again delivering the water to where it connects downstream and thus 
allowing the passage of a portion of the pipe that normally facilitates flow.
(Christensen, 2005)
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Capacity 
The combination of all the strengths, attributes, and resources available 
to an individual, community, society, or organization, which can be used to 
achieve established goals.
(IPCC, 2012)

Capillary action 
The force resulting from water surface tension as well as attraction of 
soil particles to water molecules. This force, when combined with osmotic 
pressure from roots,
(Christensen, 2005)

Capillary fringe 
The zone immediately adjacent to and above the water table in which all or 
some of the smaller gaps between soil particles are filled with water having 
less than atmospheric pressure. In this area, water is drawn up from the 
water table by capillary action. The smaller spaces in soil hold onto water 
tighter and draw it up higher than the larger pores. In general, soils having 
smaller spaces between particles draw water higher along the fringe of the 
water table.
(Christensen, 2005)

Capillary movement
In soils, the movement of water due to unequal tensions of water developed 
under different degrees of curvature of the surface film of the water. As a 
root hair absorbs moisture from around two soil particles, the film curvature 
around those particles curves and the tension draws moisture from around 
other particles toward that point, causing the movement of water in the soil. 
This movement is very slow. A plant will usually wilt before an appreciable 
quantity of water can move within reach of its roots from any great distance.
(Christensen, 2005)
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Capillary water 
In association with soil, water that is retained in the pores of soil and not 
drained under the force of gravity. Capillary action holds water in the soil 
above the water table. This water is held in the capillary or small pores of the 
soil, usually with soil water pressure (tension) greater than  /3 bar. Capillary 
water 1 may move in any direction.
(Christensen, 2005)

Carbon cycle 
The term used to describe the flow of carbon (in various forms, e.g., as 
carbon dioxide) through the atmosphere, ocean, terrestrial biosphere, and 
lithosphere.
(IPCC, 2012) 

Carbon dioxide (CO2) 
A naturally occurring gas fixed by photosynthesis into organic matter. A 
byproduct of fossil fuel combustion and biomass burning, it is also emitted 
from land use changes and other industrial processes. It is the principal 
anthropogenic greenhouse gas that affects the Earth’s radiative balance. It 
is the reference gas against which other greenhouse gases are measured, 
thus having a Global Warming Potential of 1.
(IPCC, 2012)

Carbon dioxide (CO)
Naturally occurring gas, also a by-product of burning fossil fuels and 
biomass, or result of industrial processes or land use changes. It is the 
principal anthropogenic greenhouse gas (GHG) that affects the Earth’s 
radiative balance.
(Watson; Adams, 2011)

Carbon sequestration   
Uptake of carbon-containing substances, in particular carbon dioxide.
(Watson; Adams, 2011)

Catch basin 
A container for surface drainage waters in which sediment settles out before 
water is drained out.
(Christensen, 2005)
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Catch can grid 
A defined pattern of cans or containers for catching water dispersed by 
sprinklers where the cans are spaced on 1–2 ft intervals. This is a method 
used by manufacturers, irrigation auditors, and testing facilities to obtain 
accurate sprinkler profiles.
(Christensen, 2005)

Catchment 
An area that collects and drains precipitation.
(IPCC, 2012)

Catwalk 
A narrow pathway affording access to areas otherwise difficult to reach. They 
may be used in areas such as highly sensitive environmental sites, areas 
above excavations, or access to lights or signs high off the ground.
(Christensen, 2005)

Cellular construction 
Concrete walls constructed with portions of their interior having voids.
(Christensen, 2005)

Cellular grid 
A method of retaining soil with a lattice-like array of structural members 
made of concrete, timbers, or polymeric web. These grids allow for the 
establishment of vegetation that becomes the main stabilizing element for 
retention.
(Christensen, 2005)

Channel 
1. A natural or artificial waterway of perceptible extent that either periodically 
or continuously contains moving water, or that forms a connecting link 
between two bodies of water;
2. The part of a body of water deep enough to be used for navigation through 
an area otherwise too shallow for navigation; 
3. A large strait, as the English Channel; 
4. The deepest part of a stream, bay, or strait through which the main volume 
or current of water flows.
(Watson; Adams, 2011)
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Channel capacity 
The maximum flow that a channel is capable of transmitting without its 
banks being overtopped.
(Watson; Adams, 2011)

Channelization 
Creation of a channel or channels resulting in faster water flow.
(Watson; Adams, 2011)

Check Valve
Any valve used to prevent the reversal of flow is considered a check valve. 
Most check valves are equipped with plugs or hinged discs which close flow 
openings when flow is reversed. Rapid and complete valve closing is often 
ensured by the addition of special weights or springs to the plugs or discs. 
A newer type of check valve has spring-loaded, wafer-style, semicircular 
plates mounted on a vertical pivot through a flow port. The springs cause the 
plates to swing closed at the instant of flow reversal. This wafer-style check 
valve has the disadvantage of producing relatively high head losses and of 
showing excessive wear under some operating conditions.
(USACE, 1986)

Cistern 
A container for storing water with an opening to an atmosphere. These are 
often used for storing rainwater from roofs.
(Christensen, 2005)

Clay
Earth with soil particles of a size less than /12,500 in (0.002 mm) in size, often 
made up 1 of silicates and aluminum. It is the smallest of soil particles from 
the mineral fraction and greatly assists in loam soil structure formation by 
encouraging aggregation. Clay is plastic-like when wet and hard when fired. 
It is used for brick, tile, and pottery. 2. A soil textural class comprised of 
approximately 40–100% clay, with 0–40% silt and 0–45% sand. It is a fine-
textured soil, usually forming very hard clods when dry, but is easily moldable 
and sticky when wet. When it is moist, it can be pinched between the thumb 
and fingers. It usually forms a long, flexible “ribbon.” An exception to this is 
when the
(Christensen, 2005)
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Climate
Climate in a narrow sense is usually defined as the average weather, or 
more rigorously, as the statistical description in terms of the mean and 
variability of relevant quantities over a period of time ranging from months 
to thousands or millions of years. The classical period for averaging these 
variables is 30 years, as defined by the World Meteorological Organization. 
The relevant quantities are most often surface variables such as temperature, 
precipitation, and wind. Climate in a wider sense is the state, including a 
statistical description, of the climate system. In various chapters in this 
report different averaging periods, such as a period of 20 years, are also 
used.
(IPCC, 2012)

Climate Change
A change in the state of the climate that can be identified (e.g., by using 
statistical tests) by changes in the mean and/or the variability of its properties 
and that persists for an extended period, typically decades or longer. Climate 
change may be due to natural internal processes or external forcings, or to 
persistent anthropogenic changes in the composition of the atmosphere or 
in land use.
(IPCC, 2012)

Climate extreme (extreme weather or climate event) 
The occurrence of a value of a weather or climate variable above (or below) 
a threshold value near the upper (or lower) ends of the range of observed 
values of the variable. For simplicity, both extreme weather events and 
extreme climate events are referred to collectively as ‘climate extremes.’ 
(IPCC, 2012)

Climate Impact Assessment
The practice of identifying and evaluating the detrimental and beneficial 
consequences of climate change on natural and human systems.
(IPCC, 2012)

Climate model 
A numerical representation of the climate system that is based on the 
physical, chemical, and biological properties of its components, their 
interactions, and feedback processes, and that accounts for all or some of 
its known properties. The climate system can be represented by models 
of varying complexity, that is, for any one component or combination of 
components a spectrum or hierarchy of models can be identified, differing 
in such aspects as the number of spatial dimensions, the extent to which 
physical, chemical, or biological processes are explicitly represented, 
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or the level at which empirical parameterizations are involved. Coupled 
Atmosphere-Ocean Global Climate Models (AOGCMs), also referred to as 
Atmosphere-Ocean General Circulation Models, provide a representation 
of the climate system that is near the most comprehensive end of the 
spectrum currently available. There is an evolution toward more complex 
models with interactive chemistry and biology. Climate models are applied 
as a research tool to study and simulate the climate, and for operational 
purposes, including monthly, seasonal, and interannual climate predictions.
(IPCC, 2012)

Climate projection 
A projection of the response of the climate system to emissions or 
concentration scenarios of greenhouse gases and aerosols, or radiative 
forcing scenarios, often based upon simulations by climate models. Climate 
projections are distinguished from climate predictions in order to emphasize 
that climate projections depend upon the emission/ concentration/radiative-
forcing scenario used, which are based on assumptions concerning, e.g., 
future socioeconomic and technological developments that may or may not 
be realized and are therefore subject to substantial uncertainty.
(IPCC, 2012)

Climate scenario 
A plausible and often simplified representation of the future climate, based 
on an internally consistent set of climatological relationships that has been 
constructed for explicit use in investigating the potential consequences of 
anthropogenic climate change, often serving as input to impact models. 
Climate projections often serve as the raw material for constructing climate 
scenarios, but climate scenarios usually require additional information such 
as about the observed current climate. 
(IPCC, 2012)

Climate system 
The climate system is the highly complex system consisting of five major 
components: the atmosphere, the oceans, the cryosphere, the land surface, 
the biosphere, and the interactions between them. The climate system 
evolves in time under the influence of its own internal dynamics and because 
of external forcings such as volcanic eruptions, solar variations, and 
anthropogenic forcings such as the changing composition of the atmosphere 
and land use change. (IPCC)

Climate threshold 
A critical limit within the climate system that induces a non-linear response 
to a given forcing. See also Abrupt climate change.
(IPCC, 2012)
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Climate variability 
Climate variability refers to variations in the mean state and other statistics 
(such as standard deviations, the occurrence of extremes, etc.) of the climate 
at all spatial and temporal scales beyond that of individual weather events. 
Variability may be due to natural internal processes within the climate 
system (internal variability), or to variations in natural or anthropogenic 
external forcing (external variability). See also Climate change.
(IPCC, 2012)

Coast
A strip of land of indefinite width (may be several kilometers) that extends 
from the shoreline inland to the first major change in terrain features.
(USACE Engineer Research and Development Center, 2013)

Coastal barrier 
Depositional geologic feature such as a bay barrier, tombolo, spit, or barrier 
island that consists of unconsolidated sedimentary materials; is subject to 
wave~ ?o tidal, and wind energies; and protects landward aquatic habitats 
from direct waves.
(Watson; Adams, 2011)

Coastal currents 
1. Currents that flow roughly parallel to the shore and constitute a relatively 
uniform drift in the deeper water adjacent to the surf zone. These currents 
may be tidal currents, transient, wind-driven currents, or currents associated 
with the distribution of mass in local waters.
2. For navigational purposes, a current in coastline shipping lanes where the 
tidal current is frequently rotary (Watson; Adams, 2011).

Coastal Engineering
One of several specialized engineering disciplines that fall under the 
umbrella of civil engineering. It is a composite of many physical science and 
engineering disciplines having application in the coastal area. It requires the 
rational interweaving of knowledge from a number of technical disciplines to 
develop solutions for problems associated with natural and human induced 
changes in the coastal zone, the structural and non-structural mitigation of 
these changes, and the positive and negative impacts of possible solutions 
to problem areas on the coast. Coastal Engineers may utilize contributions 
from the fields of geology, meteorology, environmental sciences, hydrology, 
physics, mathematics, statistics, oceanography, marine science, hydraulics, 
structural dynamics, naval architecture, and others in developing an 
understanding of the problem and a possible solution.
(USACE Engineer Research and Development Center, 2013)
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Coastal erosion 
The wearing away of land or the removal of beach or dune sediments by 
wave action, tidal currents, wave currents, or drainage. A combination of 
episodic inundation events and relative sea level rise will serve to accelerate 
coastal erosion.
(NOAA) 

Coastal hazard 
A source of potential danger or adverse condition. Hazards include naturally 
occurring events that strike populated areas and have the potential to harm 
people or property. Examples of coastal hazards are shoreline erosion, storm 
surge, flooding, and inundation.
(NOAA) 

Coastal zone management 
Integrated and general development of the coastal zone. Coastal zone 
management is not restricted to coastal defense works but includes 
development in economic, ecological, and social terms.
(Watson; Adams, 2011)

Coastline
1. Technically, the line that forms the boundary between the coast and the 
shore; 
2. Commonly, the line that forms the boundary between the land and the 
water (e.g., the water of a sea or ocean).
(Watson; Adams, 2011)

Coir netting
Coir netting is manufactured from coconut husk fiber (coir) and frequently 
used as the temporary structural and rooting medium component in 
ecological engineering systems. The netting is an open weave geotextile 
grid of coconut husk fibres. The coconut husk fibre material is natural, long 
lasting (3 to 5 years in most climates) and has high tensile strength. 
Is commonly used for temporary soil reinforcement, slope and streambank 
stabilization, and shoreline and wetland boundary protection. The netting 
provides immediate erosion control and a stable medium to encourage 
natural invasion and support healthy plant growth. Eventually the coir 
material biodegrades and the cohesive strength of the root systems and 
flexible nature of the plants become the primary stabilizing element. 
(Maccaferri, 2011)
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Combined sewer 
A piping system facilitating the drainage of both storm water and sanitary 
sewage.
(Christensen, 2005)

Combined Sewer Overflow (CSO) 
Outflows or overflow of sewers designed to collect rainwater runoff, domestic 
sewage, and industrial wastewater in the same pipe.
(Watson; Adams, 2011)

Community Resilience
The ability to preempt and avoid mishaps in organizations through learning 
and adaptation.
(Schultz; Mckay; Hales, 2012)   

Condensation 
The process in which water vapor changes into liquid water (such as dew, 
fog, or cloud droplets).
(Watson; Adams, 2011)

Conditional stability 
A condition in the landscape where stability of a soil or slope is based on 
such essential factors as plant roots holding a steep slope in place.
(Christensen, 2005)

Connectivity 
In landscape ecology, the measure of the degree to which a matrix, a corridor, 
or a network is connected. The fewer the gaps or aberrations, the greater 
the connectivity.
(Christensen, 2005)

Conservation 
Preservation from harm or protection from loss or consumption. It is often 
descriptive of efforts to save natural resources such as soil, vegetation, 
water, animals, coal, etc.
(Christensen, 2005)
Preservation and protection of ecological processes and biodiversity of the 
environment.
(Watson; Adams, 2011)
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Consolidation 
1. The process of soil becoming compressed with less pores or smaller 
pores due to pressure. Compaction can be increased by  walking over earth, 
driving equipment over earth, or with special compacting equipment that 
vibrates or place weight on the earth. 
2. The settling and compaction of green concrete to make certain there are 
no air bubbles around reinforcement, etc. 
(Christensen, 2005)

Contamination. 
Usually in reference to water supplies, the introduction of a water source 
that is not potable, or a solid into a potable water piping system.
(Christensen, 2005)
Undesirable element, impure or unclean, something that is not supposed to 
be there (such as oil, pollution, or insecticides in water).
(Watson; Adams, 2011)

Control run
A model run carried out to provide a ‘baseline’ for comparison with climate 
change experiments. The control run uses constant values for the radiative 
forcing due to greenhouse gases and anthropogenic aerosols appropriate to 
pre-industrial conditions.
(IPCC, 2012)

Corridor 
In landscape ecology, a narrow area or strip differing from its surroundings 
and usually facilitating the flow of animals, materials, elements, etc. along 
its length. It may differ from its surroundings in material composition, light, 
microclimate, cover, material, color, food availability, etc. Corridors may 
function as conduits, barriers, or habitats, and may be sources, filters, or 
sinks.
(Christensen, 2005) 

Crabgrass 
An annual weed grass that thrives in poorly drained soils, landscapes 
with frequent surface watering, and in lawns that are lacking nutrients. 
It germinates from seed in early spring, can root where stems touch the 
ground, and prolifically produces seed in the late summer. It can easily be 
recognized in late summer as it turns somewhat purple. Its fibrous roots 
make it difficult to pull, but it should be pulled before it goes to seed. Pre-
emergent herbicide can be effective before seed germinates.
(Christensen, 2005)
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Creep
1. With regard to land, a slow movement of earthen material or rock that 
is not easily perceived except over a long period of time. It is often only 
evidenced by the tipping of trees, etc.
2. With regard to roof materials, a stretching or shrinking as a result of 
moisture or temperature changes.
3. Water drainage flowing at the interface between a structure and the 
surrounding soil or rock.
4. The movement of structural materials due to stress and pressure over 
time.
(Christensen, 2005)

Crest
1. The ornamentation of the top of a wall or roof.
2. The top of a hill or ridge.
(Christensen, 2005)

Cross connection 
A connection between a potable water source and a water source that is 
contaminated (not suitable for drinking).
(Christensen, 2005)

Cross valve 
A valve on a pipe that connects two parallel pipes.
(Christensen, 2005)

Cryosphere 
Component of the climate system consisting  of all snow, ice, and frozen 
ground (including permafrost) on and beneath the surface of Earth and 
ocean.
(Watson; Adams, 2011)

Current
1. The flow of electricity, measured in amperes.
2. The flow of water in a narrow channel or within a large water body such 
as a lake.
(Christensen, 2005)

Curtain drain 
An intercepting drain.
(Christensen, 2005)
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Cuspate bar 
Crescent-shape bar uniting with the shore at each end. It may be formed by 
a single spit growing from shore and then turning back to again meet the 
shore, or by rwo spits growing from the shore and uniting to form a crescent. 
It may eventually grow into a tombolo linking the feature to the mainland.
(Watson; Adams, 2011)

D

Deck
1. The floor of a structure.
2. In landscape terms, a flat outside area with a durable surface (especially 
of wood) usually constructed for leisure activities.
3. Any flat platform, as on a roof, especially the upper flat or nearly flat 
surface of a mansard or curb roof.
4. The structural surface to which a roof covering system is applied.
(Christensen, 2005)

Deflection
1. Any bending or movement of a member under a load.
2. Deformation of a structural piece under a load.
(Christensen, 2005)

Degraded wetland 
A wetland negatively impacted by human action, impairing the wetland’s 
physical or chemical properties, resulting in reduced functions such as valve 
for habitat or flood storage.
(Christensen, 2005)

Dehydration 
Loss of water. In plants, this is a critical problem leading to death if not 
corrected quickly.
(Christensen, 2005)
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Denitrification 
Anaerobic microbial conversion of nitrogen to nitrogen gas.
(Watson; Adams, 2011)

Design storm 
Hypothetical extreme storm for which coastal protection structures will 
often be designed to withstand. The severity of the storm (i.e., return period) 
is chosen in view of the acceptable level of risk of damage or failure. 
(Watson; Adams, 2011)

Detection and attribution 
Climate varies continually on all time scales. Detection of climate change 
is the process of demonstrating that climate has changed in some defined 
statistical sense, without providing a reason for that change. Attribution 
of causes of climate change is the process of establishing the most likely 
causes for the detected change with some defined level of confidence.
(IPCC, 2012) 

Detention 
In storm water management, this is the practice of temporarily detaining 
runoff onsite to be released later at a prescribed rate. Or, the practice of 
restricting its flow to off-site.
(Christensen, 2005)

Detention basin 
A man-made or natural water collector facility designed to collect surface 
and subsurface water to impede its flow and release its water gradually and 
slowly into natural or man-made outlets (Christensen, 2005).

Detritus 
Newly dead or decaying organic matter in the process of bacterial 
decomposition (Watson; Adams, 2011).

Devegetation
“This is the loss of vegetation density within one land-cover class.”
(IPCC, 2007)

Diabatic 
A process in which external heat is gained or lost by the system.
(IPCC, 2012)
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Diffusion 
The transfer of a gas or liquid from an area of high concentration to an area 
of lower concentration.
(Christensen, 2005)

Dike, also Dyke 
A constructed wall or embankment along a shore to prevent flooding of low-
lying land. Also see levee. 
(Watson; Adams, 2011)

Disaster 
Severe alterations in the normal functioning of a community or a society due 
to hazardous physical events interacting with vulnerable social conditions, 
leading to widespread adverse human, material, economic, or environmental 
effects that require immediate emergency response to satisfy critical human 
needs and that may require external support for recovery.
(IPCC, 2012)

Disaster management 
Social processes for designing, implementing, and evaluating strategies, 
policies, and measures that promote and improve disaster preparedness, 
response, and recovery practices at different organizational and societal 
levels. 
(IPCC, 2012)

Disaster risk 
The likelihood over a specified time period of severe alterations in the 
normal functioning of a community or a society due to hazardous physical 
events interacting with vulnerable social conditions, leading to widespread 
adverse human, material, economic, or environmental effects that require 
immediate emergency response to satisfy critical human needs and that 
may require external support for recovery. 
(IPCC, 2012)

Disaster risk management (DRM) 
Processes for designing, implementing, and evaluating strategies, policies, 
and measures to improve the understanding of disaster risk, foster disaster 
risk reduction and transfer, and promote continuous improvement in disaster 
preparedness, response, and recovery practices, with the explicit purpose 
of increasing human security, well-being, quality of life, and sustainable 
development. 
(IPCC, 2012)
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Disaster risk reduction (DRR) 
Denotes both a policy goal or objective, and the strategic and instrumental 
measures employed for anticipating future disaster risk; reducing existing 
exposure, hazard, or vulnerability; and improving resilience (IPCC, 2012).

Discharge pipe
1. Any pipe that facilitates water or another fluid to flow from its  end.
2. With regard to a pump, the pipe from the outlet of the pump to its point of 
outflow.
(Christensen, 2005)

Discharge zone 
An area where groundwater seepage or springs are concentrated.
(Christensen, 2005)

Dispersion
1. Scattering or mixing within a water or gas volume.
2. With regard to soils, the breaking apart of soil structure so that individual 
soil particles behave as individual units (Christensen, 2005).

Disturbance
1. Something that has an effect on the environment.
2. Something that negatively affects a plant.
3. In landscape ecology, an event of natural phenomenon significantly 
changing the pattern of variation in structure or function of a system of the 
landscape.
(Christensen, 2005)
Any event that opens up space for colonization, such as the falling of a tree 
in a forest or removal of marsh grass by storm waves. 
(Watson; Adams, 2011)

Disturbed wetland
A wetland directly or indirectly altered by man or other natural force while 
keeping a defined area.
(Christensen, 2005)

Ditch
1. A long, narrow excavation dug in the ground for accommodating water flow, 
a pipe to be buried, a foundation to be constructed, an electrical conductor 
to be placed, a sleeve to be buried, etc.
(Christensen, 2005)
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Diversion 
Turning aside or alteration of the natural course or flow of water. In coastal 
restoration, this usually consists of action by channelization, or via pipe or 
conduit to introduce water and water-borne resources into a receiving area.
(Watson; Adams, 2011)

Dock 
A structure built over or floating upon the water and used as a landing place 
for boats as well as for other marine transport, fishing, swimming, etc.
(Christensen, 2005)

Drain
1.  A pipe, channel, or an appurtenance carrying waste water or storm water.
2. A device in a pipe system (especially irrigation) that prevents water from 
escaping until automatically (when pressure is released) or manually opened. 
(Christensen, 2005)

Drainage 
1. In regard to land, the ability of water to remove itself from an area by 
runoff, or percolation through the soil.
2. The ability or inability of soil to lose water when flooded by allowing air into 
the soil, alleviating anaerobic conditions.
3. Water leaving an area by gravity.
(Christensen, 2005)

Drainage basin 
The area defined by topographic flow boundaries that contributes storm 
water to a lake, pond, drainage system, estuarine waters, or oceanic waters.
(Christensen, 2005)

Drainage network 
A system or connection of stream channels that are usually connected in a 
hierarchical fashion.
(Christensen, 2005)

Drainage system
1. The system through which water flows from land, including watercourses, 
water bodies, and wetlands as a part of the hydrologic cycle.
2. The water courses and piping network providing means of moving excess 
water away from a site, area, or structure.
(Christensen, 2005)
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Drainage well 
A bed of stone or hole in the ground constructed for the purpose of trapping 
storm water for infiltration into subsurface materials (Christensen, 2005).

Drained wetland 
A wetland in which the level or volume of ground or surface water has been 
reduced or eliminated by man-made or natural forces (Christensen, 2005).

Drainfield 
Underground pipes or tiles through which wastewater is percolated into the 
soil (Christensen, 2005).

Drain pocket 
In landscape irrigation, an amount of gravel (or similar granular material 
with voids for water to drain through) surrounding a manual or automatic 
drain. See illustration under drain. They allow water to easily flow from the 
drain and provide a larger area for water to filter into the surrounding soil. 
These are particularly useful in heavy soils where the water may otherwise 
have considerable difficulty flowing from the drain (Christensen, 2005).

Dredged Material
Material excavated from freshwater, estuarine, or marine waters. Once 
termed “spoils,” suggesting equivalence with waste, dredged material is 
now considered a valuable resource for beneficial use, including agricultural 
uses, engineered uses, and environmental enhancement. (USACE, 2008)

Dredge Siphons
A device used for lifting and removing gathering materials from the bottom 
of bodies of water, such as lakes, streams, rivers, the ocean and the like have 
been and are well known. Such systems generally employ a high velocity 
pumping system which draws a high velocity flow of water through an intake 
end of a conduit system and discharges it along with the collected debris 
into barges.

Drift
1. A deposit of rock fragments and soils driven together by water, wind, or 
ice.
2. With regard to irrigation, the change in a sprinkler application pattern due 
to wind.
(Christensen, 2005)
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Dust Fine 
Particulates deposited from the air that can block stomata in leaves and 
block gas exchange.
(Christensen, 2005)

Dynamic pump 
A pump having pumping action created by a dynamic action taking place 
between some mechanical element and a fluid. Examples of this pump type 
are centrifugal pumps, and jet pumps.
(Christensen, 2005)

E

Earthwork
1. Any work dealing with the moving of earthen material, especially that of 
excavators.
2. A construction work of earth such as an embankment, mounds, etc.
(Christensen, 2005)

Ebb 
The receding tide when the water moves out to the sea and the water level 
lowers (Watson; Adams, 2011).

Ecological impact 
A modification or change in processes effecting living things or their 
environment that could result in the disruption or loss of normal processes 
of habitat, vegetation, air quality, soil, water resources, or an increase in 
ambient noise levels, or other positive or negative changes to other ecological 
elements (Christensen, 2005).

E-concrete
Bio-active concrete precast with pockets to hold marine life.
(Rebuild By Design, 2012) 
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E-concrete units
interlocking pieces of bio-active concrete precast with pockets to hold 
marine life that can create relational strength.
(Rebuild By Design, 2012) 

Ecosystem
An ecosystem is a functional unit consisting of living organisms, their non-
living environment, and the interactions within and between them.  The 
components included in a given ecosystem and its spatial boundaries depend 
on the purpose for which the ecosystem is defined: in some cases they are 
relatively sharp, while in others they are diffuse.  Ecosystem boundaries can 
change over time.  Ecosystems are nested within other ecosystems, and their 
scale can range from very small to the entire biosphere.  In the current era, 
most ecosystems either contain people as key organisms, or are influenced 
by the effects of human activities in their environment.
(IPCC, 2013)

Ecosystem benefits
The goods and services provided by an ecosystem function or functions that 
benefit people.
(Stelk; Christie, 2014)

Ecosystem Services
The actual life-support functions (such as cleansing, recycling, and renewal) 
provided by ecosystem functions - they may also confer many intangible 
aesthetic and cultural benefits.
(Stelk; Christie, 2014)

Ecotone
1. A boundary between ecosystem types adjacent to one another. It can 
include environmental conditions that are common to both of the adjacent 
ecosystems, and it can have higher or lower species diversity.
2. A smaller area than an ecosystem with a variance in environmental 
conditions.
(Christensen, 2005)

Ecotope 
The smallest unit of land that is mapped with generally homogeneous 
vegetation and ecosystem functioning.
(Christensen, 2005)
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Ecotype 
Plants of the smallest taxonomic subdivision (subspecies, strains, or 
varieties) that are adapted to a restrictive set of environmental conditions.
(Christensen, 2005)

Edaphic 
Relating to the soil or being influenced by it rather than by climate.
(Christensen, 2005)

Effluent 
Liquid or gas flowing from a process or treatment system. Effluent is a waste 
water and may be termed as such after any level of treatment. Discharge 
from a septic tank or a sewage treatment facility is effluent.
(Christensen, 2005)

EI Niño
The term El Niño was initially used to describe a warm-water current that 
periodically flows along the coast of Ecuador and Peru, disrupting the local 
fishery. It has since become identified with a basin-wide warming of the 
tropical Pacific Ocean east of the dateline. This oceanic event is associated 
with a fluctuation of a global-scale tropical and subtropical surface pressure 
pattern called the Southern Oscillation. This coupled atmosphere-ocean 
phenomenon, with preferred time scales of 2 to about 7 years, is collectively 
known as the El Niño-Southern Oscillation. It is often measured by the 
surface pressure anomaly difference between Darwin and Tahiti and the sea 
surface temperatures in the central and eastern equatorial Pacific. During 
an ENSO event, the prevailing trade winds weaken, reducing upwelling and 
altering ocean currents such that the sea surface temperatures warm, 
further weakening the trade winds. This event has a great impact on the 
wind, sea surface temperature, and precipitation patterns in the tropical 
Pacific. It has climatic effects throughout the Pacific region and in many 
other parts of the world, through global teleconnections. The cold phase of 
ENSO is called La Niña.
(IPCC, 2012)

Embankment 
An elevated human-made or natural deposit of soil, rock, or other materials 
placed with sloping sides and with a length greater than its height. Usually 
an embankment is wider than a dike. 
(Watson; Adams, 2011)
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Embayment 
ShoreLine inlet or indentation resembling a bay.
(Watson; Adams, 2011)

Emergent plant
1. An herbaceous plant standing erect, rooted in shallow water but having 
most of the plant growing above the water’s surface.
2. A rooted plant that grows on land that is periodically or permanently 
flooded, and, when flooded, has portions of the plant (stems and leaves) 
extending above the water surface.
Jay Christensen, Alan 2005. Dictionary of Landscape Architecture and 
Construction.
A plant with stems and leaves that grows in periodically or permanently 
flooded areas. Parts of the plant extend through and above the water. 
(Watson; Adams, 2011)

Emissions scenario 
A plausible representation of the future development of emissions of 
substances that are potentially radiatively active (e.g., greenhouse gases, 
aerosols), based on a coherent and internally consistent set of assumptions 
about driving forces (such as technological change, demographic and 
socioeconomic development) and their key relationships. Concentration 
scenarios, derived from emissions scenarios, are used as input to a climate 
model to compute climate projections. In the IPCC 1992 Supplementary 
Report, a set of emissions scenarios was presented, which were used as 
a basis for the climate projections in the IPCC Second Assessment Report. 
These emissions scenarios are referred to as the IS92 scenarios. In the IPCC 
Special Report on Emissions Scenarios, new emissions scenarios, the so-
called SRES scenarios, were published. SRES scenarios (e.g., A1B, A1FI, 
A2, B1, B2) are used as a basis for some of the climate projections shown in 
Chapter 3 of this report.
(IPCC, 2013)

Endangered species 
A species in considerable danger of extinction in all or a significant portion 
of its range.
Jay Christensen, Alan 2005. Dictionary of Landscape Architecture and 
Construction. 
Defined in Code of Federal Regulations as “a plant or animal in danger 
of extinction throughout all or a significant portion of its range.” See also 
threatened species.
(Watson; Adams, 2011)
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Endemic
Restricted or peculiar to a locality or region. With reference to health, 
endemic can refer to a disease or agent present or usually prevalent in a 
population or geographical area (Watson; Adams, 2011).

Endogenous 
A botanical term referring to something originating internally.
(Christensen, 2005)

Enhanced wetland 
An existing wetland with certain functions that have been increased or 
enhanced by human influences Christensen, 2005).

Ensemble 
A group of parallel model simulations used for climate projections. 
Variation of the results across the ensemble members gives an estimate 
of uncertainty. Ensembles made with the same model but different initial 
conditions only characterize the uncertainty associated with internal climate 
variability, whereas multi-model ensembles including simulations by several 
models also include the impact of model differences. Perturbed parameter 
ensembles, in which model parameters are varied in a systematic manner, 
aim to produce a more objective estimate of modeling uncertainty than is 
possible with traditional multimodel ensembles.
(IPCC, 2012)

Environment 
The complete surroundings of either an organism, a portion of an organism, 
or an organism’s community.
(Christensen, 2005)

Environmental assessment 
A preliminary study of a proposed land use development and the effects it 
may have on the environment. These assist in determining whether there is 
a need for a detailed environmental impact report.
(Christensen, 2005)

Environmental impact 
Documentation of the positive and negative environmental effects of a 
proposed action and possible alternatives.
(Watson; Adams, 2011)
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Enzymes 
Substances (organic catalysts) produced by living cells that may bring about 
or speed up chemical reactions.
(Christensen, 2005)

Erodibility 
The susceptibility of a soil to erosion by water or wind.
(Christensen, 2005)

Erodible soil 
Soil subject to wearing away and movement due to the effects of wind, water, 
or other geological processes of erosion during a flood or storm or over a 
period of years. storm or over a period of years, through the action of wind, 
water, or other geologic processes.
(Watson; Adams, 2011)

Erosion 
The detachment and movement of soil or rock fragments, or the wearing 
away of the land surface or subsurface by water, wind, ice, or gravity.
(Christensen, 2005)
Process of the gradual wearing away of land””& landmasses. In general, 
erosion involves the detachment and movement of soil and rock fragments, 
during a flood or
(Watson; Adams, 2011)

Escarpment 
A more or less continuous line of cliffs or steep slopes facing in one general 
direction that is caused by erosion or faulting.
(Watson; Adams, 2011)

Esker 
A narrow, long ridge of coarse gravel deposited by an ancient stream flowing 
in a valley or tunnel walled with ice in a melting glacial ice sheet.
(Christensen, 2005)

Estuarine 
Of, or relating to, an estuary.
(Watson; Adams, 2011)
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Estuary 
1. A semi-enclosed body of water that has a free connection to the open sea 
or river that is affected by tides.
2. Region near a river mouth in which freshwater of the river mixes with 
the salt water of the sea and that receives both fluvial and littoral sediment 
influx (Watson; Adams, 2011).

Eustasy, also Eustatic sea level change 
A uniform worldwide change in sea level caused by the amount of water 
taken up or melted by continental and polar ice caps, or by a change in the 
capacity of ocean basins.
(Watson; Adams, 2011)

Eutrophic 
Water having an excess of plantgrowth nutrients that typically create algal 
blooms and feature high or low dissolved oxygen.
(Christensen, 2005)

Eutrophication 
Process by which large additions of nutrients causes an overgrowth of aLgae 
and subsequent depletion of oxygen (hypoxia).
(Watson; Adams, 2011)

Evaporation 
The process by which any substance is converted from a liquid state into, 
and carried off in, vapor (e.g., evaporation of water).
(Watson; Adams, 2011)

Evapotranspiration (ET)
The combined processes of evaporation from the water and soil surface and 
from transpiration of water by plants.
(Watson; Adams, 2011)

Excessively drained soil 
Soil in which water is removed very rapidly. These soils are porous, shallow, 
or steep. Optimum amounts of soil moisture for plant growth are seldom 
present in these soils. Irrigation is usually required.
(Christensen, 2005)
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Excess runoff
1. Surface runoff not satisfactorily accommodated by natural or planned 
drainage systems.
2. Any water moving from a site surface and not being detained or infiltrated 
on-site.
(Christensen, 2005)

Explanate 
A botanical term meaning spread out flat.
(Christensen, 2005)

Exposure 
The presence of people; livelihoods; environmental services and resources; 
infrastructure; or economic, social, or cultural assets in places that could 
be adversely affected.
(IPCC, 2012)

External forcing 
External forcing refers to a forcing agent outside the climate system causing 
a change in the climate system. Volcanic eruptions, solar variations, and 
anthropogenic changes in the composition of the atmosphere and  land use 
change are external forcings (IPCC, 2012).

Extirpation 
Disappearance of a species from part of its range; local extinction.
(Watson; Adams, 2011)

Extratropical cyclone 
Any cyclonic-scale storm that is not a tropical cyclone. Usually refers to a 
middle- or high-latitude migratory storm system formed in regions of large 
horizontal temperature variations. Sometimes called extratropical storm or 
extratropical low (IPCC, 2012).

Extreme coastal high water (also referred to as extreme sea level) 
Extreme coastal high water depends on average sea level, tides, and regional 
weather systems. Extreme coastal high water events are usually defined in 
terms of the higher percentiles (e.g., 90th to 99.9th) of a distribution of hourly 
values of observed sea level at a station for a given reference period.
(IPCC, 2012)
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Fen 
A freshwater wetland on low ground dominated by herbaceous and shrubby 
vegetation. The soil is usually organic peat, and it is partly or totally covered 
with water.
(Christensen, 2005)

Fence 
An upright enclosure or barrier, such as wooden posts, wire, iron, etc., used 
as a boundary,  means of protection, privacy, screening,  or confinement, but 
not including hedges, shrubs, trees, other natural growth, or landforms.
(Christensen, 2005)

Fertility 
With regard to soils, the ability of a soil to sustain plant life. A soil that is 
fertile for one plant may not be fertile for another plant. Fertility is generally 
thought to encompass only the nutrient content of the soil. But, in reality, soil 
fertility (its ability to sustain plant life) includes drainage, physical condition, 
aeration, acidity or alkalinity, moisture, presence of any diseases and pests, 
toxic substances, and depth to a solid surface, etc.
(Christensen, 2005)

Fertilize
1. The process where pollen is applied to the female portion (pistil) of a 
flower, allowing for the formation of seed.
2. To apply nutrients (naturally or by human intervention) to a plant or the 
ground in proximity of a plant’s roots for use by the plant.
(Christensen, 2005)

Fetch 
The unobstructed distance over a bay or other body of water in which waves 
are generated by wind of relatively constant direction and speed. Wind fetch 
exerts energy on waves, causing them to be higher and more forceful upon 
impact with shorelines.
(USACE, 2008)
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Field capacity 
The amount of water held in soil when gravitational force on the water equals 
the retentive  force.  After  saturation,  the  soil pore spaces are filled with 
water, but the larger pores drain due to gravity and the smaller pores are 
left with water retained. Field capacity is determined by the amount of water 
in the soil or the moisture condition of the soil at that point. Expressed as a 
percentage, it may be calculated by subtracting the oven dry weight of a soil 
sample from the wet weight of a soil sample, and dividing that difference by 
the oven dry weight of the soil sample.
(Christensen, 2005)

Filter strip 
Vegetated boundary installed with uniform mild slopes and absorptive 
materials. Filter strips may be provided downgrade of developed tracts to 
trap sediment and sediment-borne pollutants and to reduce imperviousness. 
Filter strips may be forested or vegetated turf. Filter strips located adjacent 
to water bodies are called buffers.
(Watson; Adams, 2011)

Fiord
Also fjords Narrow, deep, steep-walled inlet of the sea, usually formed by 
entrance of the sea into a deep glacial trough.
(Watson; Adams, 2011)

Fixation
The process of changing a soluble or exchangeable nutrient form to a 
relatively insoluble form, which may have a negative effect on plant health 
and may even cause  death.
(Christensen, 2005)

Flat
In the nursery industry, hollow boxes or trays fitted with small containers for 
raising plants from seed, cuttings, or sets.
(Christensen, 2005)

Float
1. A tool or device for smoothing a sur face.
2. An apparatus in a water feature that controls the elevation of a water body 
and the inflow of water from an outside source by means of a floating device 
that raises and lowers and opens or closes the water supply line.
(Christensen, 2005)
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Floating foundation
A thick, reinforced concrete slab used instead of wall or column footings or 
foundations to support and distribute the load of a structure to a soil having 
low-bearing capacity. It is also called a raft foundation or mat foundation.
(Christensen, 2005)

Flood 
The overflowing of the normal confines of a stream or other body of water, 
or the accumulation of water over areas that are not normally submerged. 
Floods include river (fluvial) floods, flash floods, urban floods, pluvial floods, 
sewer floods, coastal floods, and glacial lake outburst floods (IPCC, 2012).

Flood control
Processes or constructed elements for the conveyance, control, and 
dispersal of flood waters (Christensen, 2005).

Flood elevation
The elevation flood waters should  reach  at  a  particular  site  during     the 
occurrence of a specific flood period. For example, a 100-year flood elevation 
is that elevation flood waters are expected to rise to in the event of a 100-
year flood (Christensen, 2005).
Height of the water surface above an established elevation datum such as 
the NGVD, NAVD, or mean sea level (Watson; Adams, 2011).

Flood frequency 
The probability of a flood of a given magnitude occurring in a given year.
(Christensen, 2005)

Flood irrigation
A method of watering plants where the area containing plants is flooded 
until the soil is soaked (Christensen, 2005).

Floodplain
1. Area that is flooded periodically by the lateral overflow of rivers; 
2. In hydrology, the entire area that is flooded at a recurrence interval of 100 
years; 
3. Under the NFIP, synonymous with 1 OO-year floodplain, any land area 
susceptible to being inundated by water from any source, with a 1 % 
probability of being equaled or exceeded 10 any given year.
(Watson; Adams, 2011)
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Flush
1. Two surfaces even with and immediately adjacent to one another, neither 
extending beyond the other.
2. To wash out, as with a filter on irrigation systems.
3. In sprinkler or drip irrigation systems, the process of running water 
through the lines before attaching heads, valves, emitters, or other devices 
that could become clogged with debris (rocks, sand, etc.) left in piping 
systems during construction fitting (especially when work has been done in 
a trench). (Christensen, 2005)

Flush-cut joint or flush joint 
A joint in masonry work where the joint of mortar is  made flush with the 
brick or masonry unit face. This is not often used out-of-doors, especially 
in temperate climates, as moisture tends to eventually enter the joints and 
cause damage when freezing (Christensen, 2005).

Flushing 
Cleaning out debris and sediment  from pipes by the force of moving liquid, 
usually water (Christensen, 2005).

Flushing Tunnel
A below-grade infrastructural tunnel with a mechanized pumping system 
for improving water quality, reducing residence time, and encouraging 
hydrologic flow between bay and ocean. (SCR Structures of Coastal Resilience, 
2014).

Flush valve 
A valve in an irrigation system, water feature, etc. that can be opened to 
run water backward through a filter to remove (flush out) debris that has 
accumulated during normal use (Christensen, 2005).

Frozen ground 
Soil or rock in which part or all of the pore water is frozen. Perennially frozen 
ground is called permafrost. Ground that freezes and thaws annually is 
called seasonally frozen ground.
(IPCC, 2012) 

Fragipan 
A hard, dense soil layer that has been compacted to a point that roots cannot 
penetrate it and water cannot penetrate it   easily (Christensen, 2005).
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Fragmentation 
The process by which the landscape with its various spatially identifiable 
habitats is divided into smaller and smaller areas, patches, or corridors as a 
result of land use development, or natural processes (Christensen, 2005).

Frame 
An assemblage of wood and/or steel supports as structural members.
(Christensen, 2005)

Freshwater marsh 
Grassy wetlands that occur along rivers and lakes, typically dominated by 
grasses, reeds, rushes, and sedges.
(Watson; Adams, 2011)

Frontal dune 
The dune closest to the water’s edge.
(Watson; Adams, 2011)

Functional connectivity 
In landscape ecology, the measure of the degree to which a landscape element 
is connected for a process such as deer movements, frogs movements, or 
water movement. (Christensen, 2005)

Furrow 
A narrow, long depression in soil made by a single ripping device (i.e., plow), 
or many depressions made by an attached series of ripping devices (i.e., 
harrow or discs) pulled or pushed through the soil. Usually they are made in 
parallel rows throughout a field or across a site to be planted, or to prevent 
erosion (perpendicular to the slope).
(Christensen, 2005)

Furrow dike
A small earth dike formed in a furrow to prevent water translocation. 
(Christensen, 2005)

Furrow irrigation 
A method of watering plants by running water into a narrow, shallow trench 
next to a row of plant material and allowing it to soak the soil containing the 
roots (Christensen, 2005).
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Gabion 
Structure composed of masses of rocks, rubble, or masonry held tightly 
together usually by wire mesh so as to form blocks or walls. Sometimes 
used on heavy erosion areas to retard wave action or as a foundation for 
break- water or jetty. 
(Watson; Adams, 2011)

Garland drain
A ditch or trench of small proportions used to prevent runoff or other surface 
waters from reaching an excavation.
(Christensen, 2005)

            
Gate valve
A valve that has a wheel-type handle for turning off or on by raising or 
lowering a gate in the path of fluid flow. Gate valves have a brass to brass 
seat and are not recommended for frequent use.
(Christensen, 2005)

Glacial till or boulder clay 
Unstratified deposits of glaciers that usually contain mixes of clay, sand, silt, 
cobble, boulders, etc.; often useful in sustaining loads from structures.
(Christensen, 2005)

Glaciation 
Modification of the land surface by action of glaciers in middle and high 
latitudes and alpine environments, including distinct erosion and present-
day watershed elements (Watson; Adams, 2011).
 

Glacier 
A mass of land ice that flows downhill under gravity (through internal 
deformation and/or sliding at the base) and is constrained by internal stress 
and friction at the base and sides. A glacier is maintained by accumulation 
of snow at high altitudes, balanced by melting at low altitudes or discharge 
into the sea.
(IPCC, 2012) 
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Global sea level rise 
Caused by a change in the volume of the world’s oceans due to temperature 
increase, deglaciation (uncovering of glaciated land because of melting of 
the glacier), and ice melt (NOAA).

Global surface temperature
The global surface temperature is an estimate of the global mean surface air 
temperature. However, for changes over time, only anomalies, as departures 
from a climatology, are used, most commonly based on the area-weighted 
global average of the sea surface temperature anomaly and land surface air 
temperature anomaly (IPCC, 2012).

Global warming
An increase of Earth’s temperature by degrees, resulting in an increase in 
the volume of water that contributes to sea level rise (Watson; Adams, 2011).

Glycophytes
Plants that cannot live in high-salinity environments; most plants.
(Watson; Adams, 2011)

Governance
The way government is understood has changed in response to social, 
economic, and technological changes over recent decades. There is a 
corresponding shift from government defined strictly by the nation-state 
to a more inclusive concept of governance, recognizing the contributions of 
various levels of government (global, international, regional, local) and the 
roles of the private sector, of nongovernmental actors, and of civil society.
(IPCC, 2012) 

Grade
1. The amount of slope of an area of ground surface. It is usually expressed 
in a percentage derived by the rise in elevation being divided by the length.
2. The action of smoothing, raking, or shaping the surface of the ground.
(Christensen, 2005)

Gradient 
1. A measure of slope (soil or water surface, such as a stream or river) in 
terms of rise or fall per horizontal distance.
2. A change of a value per unit of distance (e.g., the gradient of a halocline 
zone of freshwater and salt water mixing).
(Watson; Adams, 2011)
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Grade beam 
A foundation that carries the weight of the outside wall and extends a short 
distance beneath the soil to distribute the load (Christensen, 2005).

Granular structure 
In soil science, one of the six types of soil structures. Characterized by 
rounded, porous heads with large macropores. This soil’s structure forms 
under conditions of frequent wetting and drying with high organic matter 
and organism activity. This type of soil structure has a great deal of pore 
space with many macropores, which affords a high infiltration rate and ease 
in root penetration, with favorable gaseous diffusion. These soils are usually 
found in the A horizon (Christensen, 2005).

Grass 
Mostly herbaceous plants with slender leaves, jointed stems, and flowers in 
spikelets of bracts (the palea and the lemma bracts) (Christensen, 2005).

Grassland 
Land that has grasses as its predominant vegetation type (e.g., prairies or 
meadows) (Christensen, 2005).

Gravel 
An accumulation of small stones or crushed stones close to the same size 
without much fine material or larger stones. It is larger than sand and 
smaller than cobble. This term is usually applied to aggregate passing a 76.1 
mm (3 in) sieve, but being retained by a 4.76 mm (No. 4) sieve. It is useful in 
mass, usually facilitating drainage or providing stability, leveling, etc. under 
structures or paving (Christensen, 2005).

Gravity wall 
A heavy concrete wall prevented from overturning mainly by its own weight.
(Christensen, 2005)

Gray water 
Water having been used for other purposes than those associated with 
human waste, and not being highly contaminated. This water is more easily 
treated and reused. Water wasted from home use is often termed gray water 
(except for sanitary sewer water), but one should test it before using directly 
on plants as it is often high in salt from the soaps included (Christensen, 2005).
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Greenbelt 
A series of connected open spaces, or any tract of vegetation in urban or 
rural areas that is somewhat linear. It may be an area of open space such 
as agriculture parks, undeveloped land, etc. usually surrounding or cutting 
through a city, neighborhood, or community. They often follow natural 
features such as ravines, creeks, or streams.
 (Christensen, 2005)

Greenfield
1.This term in land planning and landscape architecture is used in reference 
to land planned for a use that is in a natural, agricultural, or pristine state, 
not having prior land development. See also brownfield.
2.Farmland and open areas where there has been no prior industrial, 
commercial, or intense residential activity, and where the threat of 
contamination  is much lower than in urbanized areas.
 (Christensen, 2005)

Greenhouse gas (GHG) 
Gaseous constituent of the atmosphere, both natural and anthropogenic, that 
absorbs and emits radiation at specific wavelengths within the spectrum of 
thermal infrared radiation emitted by Earth’s surface, the atmosphere itself, 
and clouds. This process causes the greenhouse effect.
 (Watson; Adams, 2011)

Greenhouse effect 
Greenhouse gases effectively absorb thermal infrared radiation, emitted by 
the Earth’s surface, by the atmosphere itself due to the same gases, and by 
clouds. Atmospheric radiation is emitted to all sides, including downward to 
the Earth’s surface. Thus, greenhouse gases trap heat within the surface-
troposphere system. This is called the greenhouse effect. Thermal infrared 
radiation in the troposphere is strongly coupled to the temperature of the 
atmosphere at the altitude at which it is emitted. In the troposphere, the 
temperature generally decreases with height. Effectively, infrared radiation 
emitted to space originates from an altitude with a temperature of, on 
average, -19°C, in balance with the net incoming solar radiation, whereas 
the Earth’s surface is kept at a much higher temperature of, on average, 
14°C. An increase in the concentration of greenhouse gases leads to an 
increased infrared opacity of the atmosphere and therefore to an effective 
radiation into space from a higher altitude at a lower temperature. This 
causes a radiative forcing that leads to an enhancement of the greenhouse 
effect, the so-called enhanced greenhouse effect.
(IPCC, 2012) 
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Greenhouse gas 
Greenhouse gases are those gaseous constituents of the atmosphere, both 
natural and anthropogenic, which absorb and emit radiation at specific 
wavelengths within the spectrum of thermal infrared radiation emitted by the 
Earth’s surface, by the atmosphere itself, and by clouds. This property causes 
the greenhouse effect. Water vapor (H2O), carbon dioxide (CO2), nitrous oxide 
(N2O), methane (CH4), and ozone (O3) are the primary greenhouse gases in 
the Earth’s atmosphere. Moreover, there are a number of entirely human-
made greenhouse gases in the atmosphere, such as the halocarbons and 
other chlorine- and brominecontaining substances, dealt with under the 
Montreal Protocol. Besides CO2, N2O, and CH4, the Kyoto Protocol deals 
with the greenhouse gases sulfur hexafluoride (SF6), hydrofluorocarbons 
(HFCs), and perfluorocarbons (PFCs).
(IPCC, 2012) 

Groundwater 
Water contained belowground in soil androck. Also see aquifer.
(Watson; Adams, 2011)

Groundwater recharge 
Process by which external water is added to an aquifer, via percolating 
rainwater.
(Watson; Adams, 2011)

Gullying 
Soil erosion identified by the formation of narrow, steep-sided channels fed 
by runoff rivulets (small streams of water). This is an indication of serious 
erosion.
(Christensen, 2005)
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Habitat
1. The particular environment or place where an organism or species tend to 
live; a more locally circumscribed portion of the total environment.”
IPCC, 2001
2. Environment occupied by individuals of a particular species, population, 
or biome.
(Watson; Adams, 2011)

Halcocline
 Zone in which salinity changes rapidly.
(Watson; Adams, 2011)

Halophyte 
Plants adapted to growing in salty soils.
(Christensen, 2005)

Halophytic 
Plants that are accustomed to (or prefer) growing in saline soils. They are 
usually xerophytes. (Christensen, 2005)

Hard water 
Water most often found in alkaline areas containing minerals, usually salts 
such as calcium and magnesium, carbonates, and bicarbonates, etc., that 
often collect inside metal pipes, causing incrustation, etc. This water is not 
good for acid-loving plants.
(Christensen, 2005)

Harmful algal bloom (HAB) 
An algal bloom that causes negative impacts to other organisms by 
producing natural toxins. The causes of HABs are not clearly established. 
Their appearance in some locations may be entirely natural, while in others 
a result of human impacts. Not all HABs are dense enough to cause water 
discoloration, and not all algae blooms are harmful. Examples of harmful 
effects of HABs include: 
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• Toxins that cause mass mortalities in fish, seabirds, and maripe mammals. 
• Risk of human illness or death via consumption of contaminated seafood.
• Mechanical damage to marine organisms, gills of fish, resulting in 
asphyxiation. 
• Oxygen depletion of the water (hypoxia or anoxia).
(Watson; Adams, 2011)

Hazard 
The potential occurrence of a natural or human-induced physical event that 
may cause loss of life, injury, or other health impacts, as well as damage 
and loss to property, infrastructure, livelihoods, service provision, and 
environmental resources.
(IPCC, 2012) 

Headwall 
A masonry or concrete retaining wall around the outlet or entrance of a drain 
pipe or culvert. These provide protection against erosion of the surfaces 
around pipe entrances or exits where water is turbulent.
(Christensen, 2005)

Heat  island 
The microclimate, area, or patch  of warmer air that forms in and over 
urbanized areas because of paved or impervious surfaces, reflection from 
upright structures, and buildings gathering heat or generating it and then 
releasing it.
(Christensen, 2005)

Heat wave (also referred to as extreme heat event) 
A period of abnormally hot weather. Heat waves and warm spells have 
various and in some cases overlapping definitions. See also Warm spell.
(IPCC, 2012) 

Hedge 
A row or line formed by shrubs, bushes, small trees, or any kind of plant 
being planted closely together, forming physically or visually a boundary, 
fence, decorative line, or barrier. They are often pruned to a symmetrical 
shape that is flat or cube shaped, etc., forming a naturallooking wall.
(Christensen, 2005)
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Herbaceous 
1. Having  the  characteristics  of an herb with little or no woody tissue and 
lacking a persistent live stem aboveground.
2. Plants that die to the ground and grow a new stem each year.
Jay Christensen, Alan 2005. Dictionary of Landscape Architecture and 
Construction. 
Herbaceous A plant with no persistent woody stem aboveground.
(Watson; Adams, 2011)

Heterogeneity
1. The state of being heterogeneous.
2. In landscape ecology, having variety, being uneven, not spatially configured 
in any given way, yet not random.
(Christensen, 2005)

High water (HW), also high water line 
Maximum height reached by each rising tide. The height may be solely due 
to the periodic tidal forces or it may have superimposed on it the effects 
of prevailing meteorological conditions; nontechnically, also called high 
tide. The shoreline delineated on the nautical charts of the National Ocean 
Service is an approximation of the high water line.
(Watson; Adams, 2011)

Hillside  
Generally, a portion of a hill between  its crest and the base where it no 
longer slopes in the same direction.
(Christensen, 2005)

Hillslope processes 
The geomorphic processes that shape slopes, including soil creep, 
landslides, and runoff.
(Christensen, 2005)

Hindcast
The determination through empirical relations or numerical models of wave 
heights, periods, directions, and such factors as storm surge from historical 
weather charts or other historical records.
(USACE, 2008)
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Holocene 
The Holocene geological epoch is the latter of two Quaternary epochs, 
extending from about 11.6 thousand years before present to and including 
the present (IPCC, 2012).

Homomorphic 
A botanical  term meaning  each with the same form (Christensen, 2005).

Homosporous 
Producing only one kind of spore, which produces both male and female. 
(Christensen, 2005)

Human security 
Human security can be said to have two main aspects. It means, first, safety 
from such chronic threats as hunger, disease, and repression. And second, 
it means protection from sudden and hurtful disruptions in the patterns of 
daily life – whether in homes, in jobs, or in communities. Such threats can 
exist at all levels of national income and development (IPCC, 2012) .

Humid climate 
A climate in which precipitation averages more than 40 in per year.
(Christensen, 2005)

Humidity 
The wetness of the atmosphere or dampness of air. See relative humidity.
(Christensen, 2005)

Hummock
“Hummock is a general geological term referring to a small knoll or mound 
above ground. They are typically less than 15 meters in height and tend to 
appear in groups or fields. The term hummock, or hummocky, is also applied 
to extremely irregular surfaces.” (Bates; Jackson; American Geological Institute., 
1984).

Hurricane 
Tropical cyclone, formed in the atmosphere over warm ocean areas, in 
which wind speeds equal or exceed 75 miles/hour (65 knots or 33.5 m/sec) 
or more and blow in a large spiral around a relatively calm center, or eye. 
Term is used in the Atlantic, Gulf of Mexico, and eastern Pacific. Hurricane 
circulation is counterclockwise in the northern hemisphere and clockwise in 
the southern hemisphere.
(Watson; Adams, 2011)
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Hydrant  
A device for directing water to flow  out from a main water line through a 
hose, valve, nozzle, etc. (Christensen, 2005).
 

Hydraulic conductivity 
The ability of water  to be transferred through a soil (Christensen, 2005).

Hydraulic control 
A reference in phytoremediation to control of groundwater through plant 
transpiration also known as phytohydraulics. It has the ability to contain 
groundwater-borne contaminants and prevent them from underground 
migration (Christensen, 2005).

Hydraulic gradient
1. The change in elevation (slope) of a groundwater surface from one point 
to another horizontally.
2. The change in water’s head pressure per unit of distance in a given 
direction within geologic strata or within  a flowing water system.
(Christensen, 2005)

Hydric 
Associated with, characterized by, or necessitating a considerable amount 
of moisture.
(Christensen, 2005)

Hydric soil 
Soil that is saturated, flooded, or ponded long enough during the growing 
season to develop anaerobic conditions. Hydric soil in areas having indicators 
of hydrophytic vegetation and wetland hydrology is wetland soil.
(Watson; Adams, 2011)

Hydrological cycle 
The cycle in which water evaporates from the oceans and the land surface, is 
carried over the Earth in atmospheric circulation as water vapor, condenses 
to form clouds, precipitates again as rain or snow, is intercepted by trees 
and vegetation, provides runoff on the land surface, infiltrates into soils, 
recharges groundwater, and/or discharges into streams and flows out into 
the oceans, and ultimately evaporates again from the oceans or land surface. 
The various systems involved in the hydrological cycle are usually referred to 
as hydrological systems.
(IPCC, 2012) 
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Hydrologic cycle 
The ongoing circulation of water between ocean, atmosphere, and  land.
(Christensen, 2005)

Hydrologic equation 
The proportion of the amount of surface runoff on a piece of ground to the 
precipitation amount minus evapotranspiration loss, plus or minus changes 
in groundwater or soil water.
(Christensen, 2005)

Hydrologic response 
The properties, distribution, and circulation of water.
(Christensen, 2005)

Hydrology
 A science of properties, distribution, and circulation of water underground, 
on the surface, and in the air.
Jay Christensen, Alan 2005. Dictionary of Landscape Architecture and 
Construction. 
Hydrology Pattern of water movement on Earth’s surface, in the soil and 
underlying rocks and aquifers, and the atmosphere.
(Watson; Adams, 2011)

Hydroponics
1. Growing plants in water and nutrients without soil or an inert medium for 
support.
2. The growing of plants in water containing nutrients rather than soil 
where water is pumped through gravel, fiberglass, or other inert media that 
anchors the plants.
(Christensen, 2005)

Hydrostatic barrier 
The use of plants to control movement of groundwater. In phytoremediation 
this is used to control the flow of contaminants.
(Christensen, 2005)

Hydrozone 
A portion of a landscaped area having plants with similar water needs that 
are watered by one irrigation valve, or a set of valves with the same irrigation 
schedule (Christensen, 2005).
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Hygroscopic 
Absorbing moisture from the air; plants taking up and holding moisture 
from the air. They sometimes swell, shrink, or change in position with the 
humidity.
(Christensen, 2005)

Hypoxia (hypoxic) 
Very low oxygen levels; condition of low dissolved oxygen concentrations.
(Watson; Adams, 2011)

I

Ice sheet 
A mass of land ice sufficiently deep to cover most of the underlying bedrock 
topography. Most ice is discharged through fast-flowing ice streams or 
outlet glaciers There are only three large ice sheets in the modern era, one 
on Greenland and two on Antarctica (the East and West Antarctic ice sheets). 
(Watson; Adams, 2011)

Ice shelf 
An extensive floating sheet of ice of considerable thickness and usually of 
great breadth extending seaward from the continental coastline; common 
along polar coasts (Antarctica, Greenland).
(Watson; Adams, 2011)

Impact
1. In ecology or environmental terms, to have a significant or major influence 
or effect for change.
2. In construction terms, to strike forcefully.
(Christensen, 2005)

Impermeable 
A term applied to soil or pavements not allowing the easy draining of water 
through them.
(Christensen, 2005)
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Impervious surface  
Impervious surface Surface in the landscape that cannot infiltrate rainfall, 
such as rooftop, pavement, sidewalk, driveway, and compacted earth.
(Watson; Adams, 2011)

Incline 
A sloping surface that is somewhere between horizontal and vertical.
(Christensen, 2005)

Infill 
Development or redevelopment  of  land that has been bypassed, remains 
vacant, or is underused in the continuing urban development process.
(Christensen, 2005)

Infiltration
1. A gas or liquid passing into or through a substance such as soil by 
penetrating its pores or interstices.
2. The movement or seepage of water from the surface to the subsoil or 
groundwater. Its rate is normally expressed in terms of inches (or mm) per 
hour.
3. Water entering an excavation, hole, drainpipe, or sewage pipe, etc. from 
surrounding earth.
(Christensen, 2005)
Downward movement of water from the surface of the land to subsoil.
(Watson; Adams, 2011)

Influent
Water, waste water, or other liquid flowing into a water body or treatment 
unit.
(Christensen, 2005)

Informal 
Often used to describe a design, plant, or a garden that is more natural 
appearing than contrived, more free-flowing than rigid, more asymmetrical 
than symmetrical, more oriented to interest or variety than to formality and 
repetition. See also formal plant or formal gardener.
(Christensen, 2005)

Inlet    
An opening for intake. (Christensen, 2005)
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Integration 
is a term referring to “reducing coastal risks and increasing human and 
ecosystem community resilience through the full array of natural, nature-
based, nonstructural, and structural measures, including combinations 
of measures. The types of measures employed, their configuration within 
the network of features, and the USACE has long recognized the planning 
and engineering approaches that are applied in developing the integrated 
system will depend on the geophysical setting, desired level of risk reduction, 
con¬straints, objectives, cost, reliability, and other factors.
(Ramirez, 2014) 

Interface 
The common boundary or surface, often a plane, between two bodies or 
materials.
(Christensen, 2005)

Interflow 
Water from rainfall and snow melt  that moves laterally through soil and 
seeps into stream channels. In forested areas, this is the long-term source 
of water in streams.
(Christensen, 2005)

Intermittent stream 
Natural stream channels that carry water part of the year but are otherwise 
dry.
(Christensen, 2005)

Intermediate marsh 
A marsh occurring where the salinity is about 3 parts per 1,000 (ppt); a 
transitional area between fresh and brackish marshes.
(Watson; Adams, 2011)

Internal drainage 
In soil science, the relative rate of saturated water flowing through a soil 
profile.
(Christensen, 2005)

Intertidal 
Alternately flooded and exposed by tides.
(Watson; Adams, 2011)
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Intertidal breakwater
A wall in the area where the ocean meets the land built out into the sea to 
protect the shore or harbour from the force of the wave

Inundation 
Water covering normally dry land is a condition known as inundation.
(NOAA)

Invasive species
Nonnative species of plants or animals that outcompete native species in a 
specific habitat.
(Watson; Adams, 2011)

Irrigation 
The application of water to germinate seed, or sustain plant material growth 
or life by means other than natural  rainfall.
(Christensen, 2005)

Irrigation water
1. Water used in an irrigation system whether potable or dirty.
2. Untreated or unclean water used for irrigation purposes.
(Christensen, 2005)

Island 
1. Any land, designed and constructed   or naturally occurring, that is 
completely surrounded by water.
2. In landscape ecology, any patch   completely   disjointed   from   a  similar 
patch.
3. In traffic design of roadways and parking lots, a raised planting completely 
surrounded by pavement and usually surrounded by a curb. They are placed 
to guide traffic, provide aesthetically pleasing surroundings, separate lanes, 
limit paving, preserve existing vegetation or other features, etc. See also 
center island, corner island, drive island, end island (Christensen, 2005).

Island Motor
A process of strategic sediment distribution that harnesses the natural 
forces of tides, current, and wind to encourage sediment capture and 
deposition in a desired location to support salt marsh island accretion. This 
sediment source may be beneficially placed dredged material or naturally 
occurring sediment suspended within the water column. (SCR Structures of 
Coastal Resilience, 2014)
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J

Jetty 
Wall built out into the water to restrain currents or protect a coastline or 
structure, to prevent shoaling of a channel by littoral materials, and/or to 
direct and confine the stream or tidal flow. Jetties may also be built at the 
mouths of rivers or tidal inlets to help deepen and stabilize a channel.
(Watson; Adams, 2011)

K

Karst (geology)
 An area of irregular limestone in which erosion has produced fissures. 
(SCR Structures of Coastal Resilience, 2014)

Knoll    
A small hill or mound.
(Christensen, 2005)
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Lacustrine 
Pertaining to or growing around  lakes.
(Christensen, 2005)

Lacustrine flood hazard area 
Area subject to inundation by flooding from lakes.
(Watson; Adams, 2011)

Lagging
1. Thermal insulation of pipes, tanks, ducts, etc.
2. In excavation, the use of boards placed side by side along an excavated 
bank of earth.
(Christensen, 2005)

Laitance 
The fines (fine particles) and water in excess on a concrete surface that is 
usually the result of too much working of the surface. This material is weak 
and will usually crack off in the future. See also spalling.
(Christensen, 2005)

Lake sand 
Rounded instead of sharp sand particles.
(Christensen, 2005)

Laminar flow 
Slow, smooth flow, with each drop of water traveling a smooth path parallel 
to its neighboring drops. Laminar flow is characteristic of low velocities and 
particles of sediment in low-flow zones.
(Watson; Adams, 2011)

Land  
The earth’s surface not under water.
(Christensen, 2005)
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Land cover
1. Materials such as vegetation, mulches,   and   concrete   that   cover    
ground.
2. Land uses covering a general area of land (i.e., agricultural, commercial, 
suburban).
3. The vegetative cover of land.
(Christensen, 2005)

Land degradation   
1. The loss in capacity of  a land to produce crops or biomass for livestock.
2. The pollution of land or reduction of its ability to sustain life. With regard 
to land’s reduction of ability to sustain life, this term is often relative to life 
forms most prized; while some life forms are decreased, sometimes others 
are increased.
(Christensen, 2005)

Landfill
1. The collection of garbage, refuse,  and trash buried under layers of earth.
2. Managed waste disposal sites that bury debris.
(Christensen, 2005)

Landform  
A feature of the earth’s surface.
(Christensen, 2005)

Landscape
Is our basic heritage. It is all embracing and relevant to everyone. Most of 
what we learn and do impinges on it.
Landscape is where we all make our homes, do our work, live our lives.
(Vroom, 2006)

Landscape ecology 
The study of interactions among organisms and their environment usually 
on the scale of a landscape (Christensen, 2005).

Landslide 
A mass of material that has moved downhill by gravity, often assisted by 
water when the material is saturated. The movement of soil, rock, or debris 
down a slope can occur rapidly, or may involve slow, gradual failure.
(IPCC, 2012)
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Land surface air temperature 
The air temperature as measured in well-ventilated screens over land at
1.5 to 2 m above the ground (IPCC, 2012).

Land use
The total of arrangements, activities, and inputs undertaken in a certain land-
cover type (a set of human actions). The social and economic purposes for 
which land is managed (e.g. grazing, timber extraction, and conservation). 
Land-use change occurs when, for example, forest is converted to agricultural 
land or to urban areas.
IPCC, 2007
Land use and land use change Land use refers to the total of arrangements, 
activities, and inputs undertaken in a certain land cover type (a set of 
human actions). The term land use is also used in the sense of the social 
and economic purposes for which land is managed (e.g., grazing, timber 
extraction, and conservation). Land use change refers to a change in the 
use or management of land by humans, which may lead to a change in land 
cover. Land cover and land use change may have an impact on the surface 
albedo, evapotranspiration, sources and sinks of greenhouse gases, or other 
properties of the climate system and may thus have radiative forcing and/or 
other impacts on climate, locally or globally.
(IPCC, 2012)

Larval 
Stage of some animal’s life cycles (most invertebrates) between egg and 
adult (Watson; Adams, 2011).

Latent heat flux 
The flux of heat from the Earth’s surface to the atmosphere that is associated 
with evaporation or condensation of water vapor at the surface; a component 
of the surface energy budget.
(IPCC, 2012)

Lime
1. With regard to soils, CaO, calcium carbonate, or its application. It comes 
in several forms from limestone-derived materials and is beneficial for 
increasing pH (neutralizing acidic soils), for making clay soil more granular 
(less sticky) and porous, for assisting sandy soils in retaining water and 
becoming more compact, as well as for improving soil nutrient availability. In 
acid soils, it will assist in breaking down humus and making available more  
phosphorus and potash otherwise not available to plants (unless applied too 
heavily).
2. A fruit of Citrus aurantifolia.
(Christensen, 2005)
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Lime concrete
 Concrete made from  mixing lime, sand, and gravel.
(Christensen, 2005)

Limestone 
A sedimentary rock of calcite or dolomite useful as building stone or 
crushedstone aggregate.
(Christensen, 2005)

Limit of disturbance 
One or more specified areas on a lot or parcel within which all disturbance 
of land such as construction of structures, driveways, parking, roads, 
landscaping, water surfaces, decks, utilities, walks, or improved recreation 
facilities are to be located. Some agencies omit areas restored with natural 
vegetation from being part of the limits of disturbance. (Christensen, 2005)

Limnetic 
The portion of a wetland void of emergent vegetation because of deep water. 
Here light does not penetrate to the bottom of the water.
(Christensen, 2005)

Lineament
1. Straight features in the  landscape, usually in reference to revealing some 
feature of the subsurface such as a geologic change or fault.
2. A distinguishing or characteristic feature of the land.
(Christensen, 2005)

Liquefaction 
The change that comes about in some granular material (earthen material) 
from a solid state to a liquid state in an earthquake due to vibrations and 
shaking.
(Christensen, 2005)

Liquefaction 
Soil term to describe the behavior of soils from solid to liquefied state, having 
consistency of a heavy liquid, that may result due to earthquake loading or 
coastal storm wave action. Building foundations that bear directly on soils 
or sand that liquefies will experience a sudden loss of support, resulting in 
substantial settlement or failure.
Watson, Donald & Adams, Michele 2011. Design for Flooding.
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Liquid limit 
A term used in reference to a soil condition where, with any more water 
added to the soil, the soil would change from a plastic to a liquid.
(Christensen, 2005)

Littoral, litoral
1. The shoreward  zone  of  a lake or wetland.
2. The area where water is shallow enough in a lake or wetland to allow 
emergent vegetation.
3. Growing on or near a  shore.
4. The zone on a shore between high and low water marks.
(Christensen, 2005) 
Of or pertaining to the shore, especially of the sea; coastal. Often used as 
a general term for the coastline zone influenced by wave action or, more 
specifically, the shore zone between the high and low water marks.
(Watson; Adams, 2011)

Littoral drift 
Movement of sand by transport parallel (longshore drift) and sometimes 
also perpendicular (crossshore transport) to the shore.
(Watson; Adams, 2011)

Littoral transport  
Movement of sediment along a coastline.
(Christensen, 2005)

Longshore transport 
Movement of sediment parallel to the coastline.
(Christensen, 2005)

Low water (LW), also low water line 
The minimum elevation reached by each falling tide. Nontechnically, also 
called low tide.
(Watson; Adams, 2011)
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Macroclimate 
A fairly uniform weather  history over a large geographical area.
(Christensen, 2005)

Makeup water 
In irrigation, water supplied to compensate for losses by evaporation and 
leakage.
(Christensen, 2005)

Management allowed depletion (MAD) 
With regard to scheduling of plants or landscapes, the maximum amount of 
plant-available water (expressed as a percent) that is allowed   to be removed 
from the soil before irrigation occurs.
(Christensen, 2005)

Margin   
In botanical terms, the edge of a leaf or leaflet.
(Christensen, 2005)

Marginal 
In botanical terms (especially in describing leaves), the edge or around the 
edge.
(Christensen, 2005)

Maritime 
In botanical terms, plants  growing near the ocean or the seacoast and so 
influenced by salt water.
(Christensen, 2005)
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Maritime Forest
Coastal forest communities within range of salt spray or mist typically 
dominated by closed canopies, located on the mainland side of a barrier 
island. The biomass of these forests, when densely planted, can serve to 
attenuate waves and storm surge, thus reducing inundation of coastal 
communities.” 
(SCR Structures of Coastal Resilience, 2014)

Marsh migration 
The movement of wetland plant communities into adjacent, higher elevation 
land. Marsh migration represents a natural response to sea level rise, where 
marsh plants gradually replace trees, lawns, and agricultural crops in wet 
soils.
(NOAA) 

Matrix
1. Within a landscape mosaic, the background of ecosystems or land uses   
characterized by a large area within a mosaic with high connectivity.
2. With regard to mortar or cement, the material in which aggregate or sand 
is embedded.
(Christensen, 2005)

Meadow 
An area predominated by grasses or forbs and often associated with 
wildflowers. They are mostly thought of as openings in woods or forests, and 
have few if any trees within their area. Some seed companies have a seed 
mix they call by this name with plants common to such areas.
(Christensen, 2005)

Meander 
A bend or curve in a river course; a single channel having a pattern of 
successive deviations in alignment that results in a more or less sinusoidal 
course. Often preserved or created to maximize riverine areas, habitat, and 
bioretention.
(Watson; Adams, 2011)

Mean sea level (MSL) 
Sea level measured by a tide gauge with respect to the land upon which it 
is situated. Mean sea level is normally defined as the average relative sea 
level over a period, such as a month or a year, long enough to average out 
transients such as waves and tides. See Sea level change.
(IPCC, 2012)
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Membrane
1. In construction work, a water-resistant or waterproof material or 
combination of materials used in water features, on flat roofs, around the 
outside of foundations, etc.
2. In botanical references, a very thin covering or sheet separation.
(Christensen, 2005)

Mesohaline 
Intermediate levels of salinity, about 15 ppt.
(Watson; Adams, 2011)

Mesotrophic 
Used in reference to a moderate amount of nutrients in water.
(Christensen, 2005)

Metamorphosis
1.The action or process of changing in form or substance, especially by 
magic or witchcraft.
The Shorter Oxford English Dictionary
2. A profound change in form from (one) stage to the next in the life history 
of an organism. 
Webster’s College Dictionary
Ryan, Frank 1988. Metamorphosis, Unmasking the Mystery of How Life 
Transforms
3. The way nature produces one part through another, creating a great variety 
of forms through the modification of a single organ.
(Goethe 1790; Miller, 2009)

Meteorological tides 
Tidal constituents having their origin in the daily or seasonal variation in 
weather conditions that may occur with some degree of periodicity.
(Watson; Adams, 2011)
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Microclimate 
A reference to a fertilizer that is hardened into the shape of a stake so 
that it may be forced into the ground. It decomposes, and some materials 
leach, acting much the same as a fertilizer tablet. Any change in climatic 
conditions such as wind, sunlight/shade, temperature, humidity, etc. in 
a relatively small, distinctly different area or locality, as affected by man-
made or natural elements such as buildings surrounding a city street, a hill 
protecting from wind or hot late afternoon sun, plants affording shade, a 
water body affording an increase in humidity, etc. Microclimates are created 
on each side of  a building facing a different direction, or in areas protected 
by trees, or in a building’s courtyard. (Christensen, 2005)

Mitigation 
Sustained actions taken to reduce, minimize or eliminate long-term risk and 
vulnerability from hazards and their effects.
(NOAA) 

Mitigation (of disaster risk and disaster) 
The lessening of the potential adverse impacts of physical hazards (including 
those that are human-induced) through actions that reduce hazard, exposure, 
and vulnerability. 
(IPCC, 2012)

Mitigation (of climate change) 
A human intervention to reduce the sources or enhance the sinks of 
greenhouse gases.
(IPCC, 2012)

Modes of climate variability 
Natural variability of the climate system, in particular on seasonal and 
longer time scales, predominantly occurs with preferred spatial patterns 
and time scales, through the dynamical characteristics of the atmospheric 
circulation and through interactions with the land and ocean surfaces. Such 
patterns are often called regimes, modes, or teleconnections. Examples are 
the North Atlantic Oscillation (NAO), the Pacific-North American pattern 
(PNA), the El Niño-Southern Oscillation (ENSO), the Northern Annular Mode 
(NAM; previously called the Arctic Oscillation, AO), and the Southern Annular
(IPCC, 2012)
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Monsoon 
A monsoon is a tropical and subtropical seasonal reversal in both the surface 
winds and associated precipitation, caused by differential heating between a 
continental-scale land mass and the adjacent ocean. Monsoon rains occur 
mainly over land in summer.
(IPCC, 2012)

Moraine 
The material (sand, gravel, cobble, boulders, etc.) carried and deposited by 
a glacier. (Christensen, 2005)

Mosaic    
A repetition of patches, corridors,  and
(Christensen, 2005)

Mound   
A berm; an area of raised ground.
(Christensen, 2005)

Mudflat 
Shallow water benthic zone of coastline alternately covered or uncovered by 
the tide, comprised of extremely fine sediment, typically fine silt and clay.
(Watson; Adams, 2011)

N

Native species 
Any species of living organisms that are found existing and reproducing 
naturally in a specific area. The difficulty is that nature rarely makes 
boundaries the same for living organisms, while most boundaries of states, 
counties, etc. are arbitrary in relation to ecosystems.
(Christensen, 2005)
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Natural capital
The stock of natural ecosystems that yields a flow of valuable ecosystem 
goods or services into the future.
(Stelk; Christie, 2014)

Natural convection 
Air or water movement  due to differences in density resulting from variations 
in temperature causing movement or circulation.
(Christensen, 2005)

Natural drainage 
The flow of water over undisturbed existing surface topography of the earth.
(Christensen, 2005)

Natural  environment 
The area surrounding a living organism including the area surrounding and 
influencing humans, but in most cases not including anything influenced 
by humans.   This is because many believe humans are influenced by 
natural environment, but do not consider humans to be part of the natural 
environment. All organisms influencing the environment would include 
humans.
(Christensen, 2005)

Natural erosion 
The amount of erosion expected on undisturbed land, usually   between 0.18 
and 0.30 tons of earth per one acre per year. (Compare with accelerated 
erosion.)
(Christensen, 2005)

Natural features 
In terms of land, conditions produced by nature such as surface land forms, 
geology, slopes, vegetation, water, drainage patterns, aquifers, recharge 
areas, climate, microclimate, floodplains, aquatic life, wildlife, views, and 
landscape ecological patterns of patch, corridor, or matrix.
(Christensen, 2005)
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Natural species   
Any species of organism naturally found in an area. They may also include 
nonnative species of vegetation or wildlife that are adaptable to the climatic 
conditions of an area and are currently found living and propagating in an 
area without human assistance. 
(Christensen, 2005)

Noncoastal 
A zone Portion of a special flood hazard area (SFHA) in which the principal 
source of flooding is runoff from rainfall or snowmelt. In non-coastal A 
zones, flood waters may move slowly or rapidly, but waves are usually not 
a significant threat to buildings. See A zone and coastal A zone. (NFIP 
regulations do not differentiate between non-coastal A zones and coastal A 
zones.)
(Watson; Adams, 2011)

Nonlinearity 
A process is called non linear when there is no simple proportional relation 
between cause and effect. The climate system contains many such nonlinear 
processes, resulting in a system with a potentially very complex behavior. 
Such complexity may lead to abrupt climate change. See also Predictability.
(IPCC, 2012)

Nonnative plant
 Also called introduced, vegetation that has been brought to an area by 
humans or migrated and otherwise becomes established. Some nonnative 
plants become invasive species.
(Watson; Adams, 2011)
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Outfall
1. The place of ultimate deposit of drainage or sewage waters from a conduit, 
drain, gutter, paved area, or stream.
2. The   dropping, flowing out, or discharging of water at the end of a pipe or 
conduit.
(Christensen, 2005)

Outflooding 
Flooding that occurs when a river or stream overflows and allows water 
outside of its banks.
(Christensen, 2005)

Overdraft
 With regard to aquifers, an aquifer having more outflow than inflow.
(Christensen, 2005)

Overflow 
The water flowing out of a  tank,  bowl, detention basin, pond, etc. after it has 
reached a particular level.
(Christensen, 2005)

Overwash Plain
A defined zone of low topographic elevation along a barrier island or peninsula 
across which water and suspended sediment may flow during extreme water 
level fluctuations. The zone of the overwash plain is selected by its existing 
low terrain, and the inundation zone is limited through the construction of 
adjacent elevated berms. Overwash plains allow sediment from the ocean 
to nourish the back-bay system, and provide additional outlets for back-bay 
floodwaters to return to the ocean.
(SCR Structures of Coastal Resilience, 2014)
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Oyster gabion
a basket or cage of steel filled with shells to prevent them from being 
washed away with the tide or during storms In the summer oyster larvae, 
attach themselves to the shells and gradually build up a solid reef structure 
that is able to withstand winds and waves. Once the oysters have established 
themselves, the steel wires corrode away, after which the reef will have to 
survive on its own, constantly renewing itself by attracting new larvae. 
(Ecoshape; Wageningen University & Research; TU Delft, 2017)

Oyster shell
the hard largely calcareous covering of a mollusc or a brachiopod.

Oyster shell mulch
a protective covering made of the crushed hard largely calcareous covering of 
a mollusc or a brachiopod, spread or left on the ground to reduce evaporation, 
maintain even soil temperature, prevent erosion, control weeds, enrich the 
soil, or keep fruit (as strawberries) clean.

Oyster tatchery unit
A place for artificial breeding, hatching and rearing through the early 
life stages of shellfish. Consists of larval rearing tanks, filters, live food 
production tanks and a flow through water supply.

P

Parkway
Usually the area with open ground available for landscaping between the 
property line and the curb or between the property line and the closest edge 
of the street paving.
(Christensen, 2005)
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Patch In landscape ecology
a relatively homogeneous nonlinear area (when viewed from the air) that 
differs from its surroundings.
(Christensen, 2005)

Path  
A walkway.
(Christensen, 2005)

Perched water table 
A layer of watersaturated soil that will not drain well even though the soils or 
material below it are dry. This situation often occurs when too much organic 
material is put in a backfill mix, the backfill mix is significantly different from 
the surrounding existing soil, or gravel is placed under the root ball without 
a drainage outlet from the planting pit. This often causes root rot and death 
for most transplanted trees surviving the initial transplant shock.
(Christensen, 2005)

Percolation 
Percolation, also percolation rate Downward movement of water under the 
influence of gravity movement and under hydrostatic pressure through the 
interstices of the rock or sediment. (Watson; Adams, 2011)

Permeable paving 
Form of asphalt or concrete that allows water to pass 
through voids in the paving material or between pavers while providing a 
stable, load-bearing surface. This allows stormwater to filter through the 
soil below the paved surface.

Permeability 
The property of bulk material (sand, crushed rock, soft rock) that permits 
movement of water through its pores.
(Watson; Adams, 2011)

Photic zone 
The area of a water body receiving sunlight, within which the light is sufficient 
to sustain photosynthesis. The depth of this layer varies with water clarity, 
time of year, and cloud cover but is about 330 feet (100 meters) in the open 
ocean.
(Watson; Adams, 2011)
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Photosynthesis 
Process by which green plants, algae, and some bacteria take carbon dioxide 
from the air (or bicarbonate in water) to build carbohydrates.
(Watson; Adams, 2011)

Phytoplankton 
Floating plants or plan dike photosynthetic single-cell organisms.
(Watson; Adams, 2011)

Phytoremediation 
A technology that uses living plants to remediate or stabilize contaminants 
in soil, groundwater, or surface water.
(Christensen, 2005)

Phytostabilization 
The immobilization of a contaminant in absorption and accumulation by 
roots. (Christensen, 2005)

Pier
Structure, usually of open construction, extending out into the water from 
the shore, to serve as a landing place or facility rather than to afford coastal 
protection or affect the movement of water.
(Watson; Adams, 2011)

Piezometric surface 
The level at which the hydrostatic water pressure in an aquifer will stand if 
it is free to seek equilibrium with the atmosphere. For artesian wells, this is 
above the ground surface.
(Watson; Adams, 2011)

Pipe 
A long, hollow, circular tube made of plastic, steel, copper, brass, iron, 
concrete, etc. for use as a conduit of fluids, wire, gases, etc.
(Christensen, 2005)

Pipe cross
A pipe fitting  that  can  connect  pipes as they cross at right angles.
(Christensen, 2005)
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Plankton 
Free-floating organisms drifting in water, unable to swim against currents.
(Watson; Adams, 2011)

Polyhaline 
High salinity, about 30 to 335 ppt.
(Watson; Adams, 2011)

Porosity 
A measure of the void spaces in a material, indicated as a fraction of the 
volume of voids over the total volume, between 0 to 1, or as a percentage 
between 0% to 100%; percentage of the total volume of a soil sample not 
occupied by solid particles but by air and water.
(Watson; Adams, 2011)

Porous paving 
A surface used to facilitate traffic or storage of some kind out-of-doors and 
allows precipitation to infiltrate into the subsurface, preventing or reducing 
runoff.
(Christensen, 2005)

Predictability 
The extent to which future states of a system may be predicted based on 
knowledge of current and past states of the system.
(IPCC, 2012)

Preparedness
Actions taken to plan, organize, equip, train, and exercise to build, apply, and 
sustain the capabilities necessary to prevent, protect against, ameliorate the 
effects of, respond to, and recover from climate change related damages to 
life, health, property, livelihoods, ecosystems, and national security.
(the White House. Barak Obama, 2013) 

Primary dune, also primary fontal dune 
See dune; also see setback.
(Watson; Adams, 2011)
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Primary succession 
Plant colonization in a pnstme habitat, such as bedrock areas left from 
devastating disturbances such as glaciers or wildfire. Secondary succession 
is a response to natural or human disturbance (e.g., fire, flooding, 
construction, or tree clearing).
(Watson; Adams, 2011)

Projection 
A projection is a potential future evolution of a quantity or set of quantities, 
often computed with the aid of a model. Projections are distinguished from 
predictions in order to emphasize that projections involve assumptions 
concerning, for example, future socioeconomic and technological 
developments that may or may not be realized, and are therefore subject to 
substantial uncertainty. See also Climate projection and Climate prediction. 
(IPCC, 2012)

Pump
1. A hand or motorized device used for causing water to flow or be compressed. 
They come in a large variety of types and sizes for various applications but 
can be classified into two basic types: the positive displacement pump (or 
static pump type) and the dynamic pump (or kinetic pump type).
2. In excavation work, describes the ability of the ground to bring water to the 
surface when it is walked on or driven over. This is an unfavorable condition 
when attempting to compact an area.
(Christensen, 2005)
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Recharge
1. (artificial) The addition of water to groundwater by activities of man at a 
recharge rate greater than historically recorded.
2. (groundwater) The replenishment of groundwater.
(Christensen, 2005)
The addition of new water to an aquifer or to the zone of saturation.
(Watson; Adams, 2011)

Recharge zone or recharge area 
The portion of any area of land surface where ground-water recharge is 
naturally or historically significant.
(Christensen, 2005)

Reclaimed water 
Water that has been  collected (and sometimes treated as necessary) after 
an original use and then made available for reuse (often in an irrigation 
system).
(Christensen, 2005)

Recycled plastic fish habitat structure
A structure made with scrap or waste plastic installed to replace or modify 
a missing or deficient wildlife habitat component. To provide structures, 
in proper amounts, locations and seasons to  enhance or sustain non-
domesticated wildlife; or modify existing structures that pose a hazard to 
wildlife.
(USDA US Department of Agriculture. Natural Resources Conservation Service, 2014) 
Artificial spawning grounds and nursery, rearing, food supply and migration 
areas on which fish depend directly or indirectly in order to carry out their 
life process, that are man made with materials (scrap or waste plastic) not 
found in nature.
(Ewald, 2016) 

Reef 
Chain or string of coral, oysters, rocks, or other hard substrate.
(Watson; Adams, 2011)
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Region 
In spatial hierarchy (as defined in landscape ecology) of lands, a broad 
geographical area with common macroclimate and sphere of human 
involvement. It is smaller than a continent and larger than a landscape. It is 
tied together by human activities. Examples are northwestern United States, 
southwestern  United States, and the Andes of  Venezuela.
(Christensen, 2005)

Relative sea level change 
The sum of the sinking of the land (subsidence) and eustatic sea level 
change; the change in average water level with respect to the surface. Also 
see eustacy.
(Watson; Adams, 2011)

Relief 
The difference(s) in elevation(s) and in spatial configuration(s) within a 
prescribed area of the surface of the earth.
(Christensen, 2005)

Remediation 
The act or process of remedying. In land planning and landscape architecture, 
it is used in reference to contaminated site cleanup to remedy hazardous 
wastes.
(Christensen, 2005)

Relative Sea Level Rise 
Occurs where there is a local increase in the level of the ocean relative to the 
land, which might be due to ocean rise or land subsidence.
(NOAA)
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Resilience
The ability of a social or ecological system to absorb disturbances while 
retaining the same basic structure and ways of functioning, the capacity for 
self-organization, and the capacity to adapt to stress and change.
(Watson; Adams, 2011)
The ability of a system and its component parts to anticipate, absorb, 
accommodate, or recover from the effects of a hazardous event in a timely and 
efficient manner, including through ensuring the preservation, restoration, 
or improvement of its essential basic structures and functions.
(IPCC, 2012)
The capacity of a system, community, or society potentially exposed to 
hazards to adapt, by resisting or changing, in order to reach and maintain 
an acceptable level of functioning and structure. This is determined by the 
degree to which the social system is capable of organizing itself to increase 
its capacity for learning from past disasters for better future protection and 
to improve risk reduction measures.
(NOAA)

Restoration 
The return  by  human  interven tion of an ecosystem from a disturbed or 
altered condition to a previously existing natural condition.
(Christensen, 2005)
Make physical changes m a destroyed or impaired site to return it to the type 
of habitat that existed prior to alteration or disruptive impacts.
(Watson; Adams, 2011)

Retaining wall
1. A structure used as a vertical grade change to hold soil on the up-hillside 
from moving downhill, slumping, sliding, or falling. They are made of 
concrete, brick, stone, block, etc.
2. A wall with one side open to view and the other having earthen material 
piled against it.
(Christensen, 2005)

Retention
1. A storm water management practice in which runoff is kept on-site in 
basins, underground, or released to infiltrate into the soil. See retainage.
2. An amount withheld from payments on a contract and then paid at the end 
of work to assure its quality and completion.
(Christensen, 2005)
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Return period 
An estimate of the average time interval between occurrences of an event 
(e.g., flood or extreme rainfall) of (or below/above) a defined size or intensity.
(IPCC, 2012)

Rhizome 
In botanical  terms,  any  prostrate, more or less elongated stem growing 
partially or completely beneath the surface of the ground. They may be thick, 
hard, and sometimes rather large, or in many grasses and such they are 
sometimes delicate and hair-like.  Thicker,  larger ones are sometimes 
considered a type of bulb, with the thickened underground stem utilized for 
food storage. They creep horizontally from their tips (and other growing points 
form along their length) with roots generally growing from its underside. 
The buds on the  rhizome produce roots, foliage, and flower stalks. Cutting 
portions of the rhizome with  new growth buds and transplanting them can 
produce new plants.
(Christensen, 2005)

Rhizosphere 
The area of soil influenced by plant roots that shows more microbial 
numbers, species, and activity than other soil. In flooded soils with some 
plants the rhizosphere can be oxidized, resulting in the presence of aerobic 
soil in an otherwise anaerobic soil environment. The volume of soil adjacent 
to the root that is under the influence of the root.
(Christensen, 2005)

Ridge
1. A relatively narrow top of a steep  slope, usually with an elongated crest, 
and sometimes having peaks significantly higher than the adjoining crest 
line. It is a linear, elevated portion of  land  with  downslopes  on  either  side.
2. The horizontal line where the upper edges of two sloping roof surfaces 
meet.
(Christensen, 2005)

Riffle 
A steep gradient section of streams recognizable by the rapid movement of 
water over a coarse substrate resulting in rough flow, turbulent surface, and 
high dissolved oxygen levels in the water. Riffle and deeper pool complexes 
associated with them provide valuable habitat for fish and wildlife.
(Watson; Adams, 2011)
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Riparian 
1.Pertaining to the banks and edges of a stream or river; 
2.Plant communities occurring in association with any spring, lake, river, 
stream, or creek through which waters flow at least periodically.
(Watson; Adams, 2011)

Riparian wetland 
Wetlands on the edge of a large water feature such as a lake or stream.
(Christensen, 2005)

Riparian zone 
Land and vegetation bordering flowing or standing water such as streams, 
rivers, lakes, and ponds. Riparian zones provide a variety of ecosystem 
services and help to improve or maintain local water quality.
(Watson; Adams, 2011)

Rip tide/rip current 
Strong undertow of water flowing seaward from the shore through the surf 
line, normally in a low point or trench berween rwo sandbars. 
(Watson; Adams, 2011)

Risk
The probability of harmful consequences or expected losses (death and injury, 
losses of property and livelihood, economic disruption, or environmental 
damage) resulting from interactions between natural or human-induced 
hazards and vulnerable conditions. 
(NOAA)

Riverine 
1.Relating to or resembling a river; 
2.Living or situated along a river.
(Watson; Adams, 2011)

Riverine wetlands 
Wetlands associated with rivers, streams, or creeks.
(Christensen, 2005)

126



Runoff
That part of precipitation that does not evaporate and is not transpired, but 
flows through the ground or over the ground surface and returns to bodies 
of water. See Hydrological cycle.
(IPCC, 2012) 

Run-up 
Rush of wave water up a slope or structure.
(Watson; Adams, 2011)

S

Salinity 
The concentration of dissolved salts in a body of water, commonly expressed 
as parts per 1,000 (ppt). Ocean water is about 3.5% salt, measured by salinity 
typically between 33 and 37 ppt. (Table B.)
(Watson; Adams, 2011)

Salinity gradient 
Change in salinity levels III a mlXlng zone where salt water meets freshwater 
flowing downstream from land.
(Watson; Adams, 2011)

Salinization 
The increased concentration of  salt, especially in water or soil, which can 
result from lack of drainage and can reduce ability to sustain diverse plant 
life as well as a soil’s ability to sustain crops.
(Christensen, 2005)

Salsuginous  
 Grows in salt marshes or brackish areas.
(Christensen, 2005)
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Salt damage 
In plants, injury caused by excessive salt in the soil or water. It is found most 
frequently in poorly drained lowlands, or in  arid or semiarid lands, but it 
can occur anywhere. Salt accumulation in soil may come from fertilizers 
(including manure),  deicing salts, spray from a nearby ocean, or other salt 
source carried by wind. Salts can be leached from the soil by frequent deep 
watering. It is a rule of thumb that 30 in of rain per year percolated into the 
soil (without runoff) is enough to leach the salts out. More water leaching 
may help, but one must avoid drowning plants, or causing root rot. Irrigation 
water can be used to leach salt from soil, but the water should be tested 
for salt content to make certain it does not add to salt accumulations in the 
soil. Salt damage in plants is usually evidenced by yellow leaves or yellow 
splotches on leaves, or dark brown leaf tips, or margins. Plant growth slows, 
stops, and plants may die. Excessive salt in soil may be evidenced by dark 
or white crusts forming on soil surfaces, especially in low dried spots. Some 
plants have higher salt tolerance than others.
(Christensen, 2005)

Salt hay or salt marsh hay 
Hay from salt marshes useful in covering plants as a winter mulch, etc. It 
is desirable because of its wire-like makeup, which does not decompose 
easily, and because its seeds will not germinate or survive except in wet and 
usually saline conditions, so it does not promote weeds
(Christensen, 2005)

Salt Marsh
A marsh periodically flooded by salt water. The primary herbaceous salt 
marsh species on the east coast of the United States is Spartina alterniflora, 
smooth cordgrass, which thrives in the intertidal zone from mean tide level 
to mean high water.”
(USACE, 2008)

Salt Marsh Migration
1. The expansion of coastal wetland habitat due to sea level rise.
2. The inland movement of salt marsh habitat and wetland plants as a 
consequence of global climate change.
(Feagin; Martinez; Mendoza-Gonzalez; Costanza, 2010)
Salt marsh zonal migration and ecosystem service change in response to 
global sea level rise: a case study from an urban region.
(SCR Structures of Coastal Resilience, 2014)
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salt water forest
large area with vegetation adjusted to high salt concentration, sea and 
oceans water.

Saltwater intrusion or seawater intrusion 
Displacement of fresh surface water or groundwater by the advance of salt 
water due to its greater density. This usually occurs in coastal and estuarine 
areas due to reducing land-based influence (e.g., from reduced runoff and 
associated groundwater recharge, or from excessive water withdrawals 
from aquifers) or increasing marine influence (e.g., relative sea level rise) .
(Watson; Adams, 2011)

Saltwater wetlands 
(15-18 ppt or greater) occurring along the coast, flooded regularly by tidal, 
brackish water, dominated by saltwater grasses such as Spartina alterniflora 
(oyster grass).
(Watson; Adams, 2011)

Sand interceptor or sand trap 
A small catch basin preventing passage of sand (and other solids) into a 
drainage system by allowing it to settle to the bottom of the basin before 
entering another pipe. It only functions if it is cleaned often enough to keep 
the collected sand and debris below the pipe.
(Christensen, 2005)

Sandy clay 
A soil textural class comprised of 35 to 55% clay, 0 to 20% silt, and 45 to 65% 
sand.(Christensen, 2005)
Saturated soil  
Soil in which the pore space is completely filled with water.
(Watson; Adams, 2011)

Scenario 
A plausible and often simplified description of how the future may develop 
based on a coherent and internally consistent set of assumptions about 
driving forces and key relationships. Scenarios may be derived from 
projections, but are often based on additional information from other 
sources, sometimes combined with a narrative storyline. See also Climate 
scenario and Emissions scenario.
(IPCC, 2012) 
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Scour Erosion of a material. 
Removal of soil or fill material by waves and currents and/or the flow of 
floodwaters, especially at the base or toe of a shore structure.
(Watson; Adams, 2011)

Sea level change 
Changes in sea level, globally or locally, due to (i) changes in the shape of the 
ocean basins, (ii) changes in the total mass and distribution of water and land 
ice, (iii) changes in water density, and (iv) changes in ocean circulation. Sea 
level changes induced by changes in water density are called steric. Density 
changes induced by temperature changes only are called thermosteric, 
while density changes induced by salinity changes are called halosteric. See 
also Mean sea level.
(IPCC, 2012) 

Sea level rise (SSL) 
Sea level change, both globally and locally, due to changes in the shape of 
ocean basins, in the total mass of water, and in water density. Factors due 
to global warming include increase in the total amount and mass of water 
from the melting of land-based snow and ice, and decrease in water density 
due to thermal expansion from increase in ocean temperatures and salinity 
changes.
(Watson; Adams, 2011)

Sea surface temperature 
The sea surface temperature is the temperature of the subsurface bulk 
temperature in the top few meters of the ocean, measured by ships, buoys, 
and drifters. From ships, measurements of water samples in buckets 
were mostly switched in the 1940s to samples from engine intake water. 
Satellite measurements of skin temperature (uppermost layer; a fraction 
of a millimeter thick) in the infrared or the top centimeter or so in the 
microwave are also used, but must be adjusted to be compatible with the 
bulk temperature.
(IPCC, 2012) 

Sediment
Particles deposited by air, wind, ice, and water. Other sediments are 
precipitated from the overlying water or form chemically, in place. (Watson; 
Adams, 2011)
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Sediment nourishment
can be regarded as a very natural way of combating coastal erosion and 
shore erosion as it artificially replaces a deficit in the sediment budget over 
a certain stretch with a corresponding volume of sediment. However, as the 
cause of the erosion is not eliminated, erosion will continue in the nourished 
sediment. It is thus inherent in the nourishment concept that the nourished 
sand is gradually sacrificed. This means that nourishment as a stand-alone 
method normally requires a long-term maintenance effort. 
(Cambridge English Dictionary)  

Sedimentary rock  
Rock formed by the consolidation of sediment particles or the remains of 
plants and animals.
(Watson; Adams, 2011)

Sedimentation 
The process of depositing suspended matter carried in water or air, 
accomplished by reducing the velocity of the water or air below the point 
where it can transport the suspended material, or by having the material 
contact a solid object.
(Christensen, 2005)

Sediment plume 
Caused by sediment-rich rainwater runoff entering the ocean. The runoff 
creates a visible pattern of brown water that is rich in nutrients and 
suspended sediments that forms a kind of cloud in the water, spreading out 
from the coastline.
(Watson; Adams, 2011)

Sediment transport 
The means by which sedimentary materials are moved are gravity (gravity 
transport), running water (rivers and streams), ice (glaciers), wind, and the 
sea (currents and littoral drift). The mechanisms include rolling or traction, 
in which the sediment moves along the bed but is too heavy to be lifted from 
it; saltation; and suspension, in which particles remain permanently above 
the bed, sustained by the turbulent flow of the air or water. (Watson; Adams, 
2011)
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Seiche Pronounced saysh.
A standing wave oscillation of an enclosed water body that continues, 
pendulum fashion, after the cessation of the originating force, which may 
have been either seismic or atmospheric. Tides are considered to be seiches 
induced primarily by the periodic forces caused by the Sun and Moon. In the 
Great Lakes area, any sudden rise in the water of a harbor or a lake, whether 
it is oscillatory or not. (Although inaccurate in a strict sense, this usage is 
well established in the Great Lakes area.)
(Watson; Adams, 2011)

Sensible heat flux 
The flux of heat from the Earth’s surface to the atmosphere that is not 
associated with phase changes of water; a component of the surface energy 
budget.
(IPCC, 2012)

Sequestration
Carbon storage in terrestrial or marIne reservoirs. 
Biological sequestration includes direct removal of carbon dioxide from 
the atmosphere through land use change, reforestation, carbon storage 
in landfills, and practices that enhance soil carbon in agriculture. (Watson; 
Adams, 2011)
Sewer 
A system of piping for collecting and disposing of waste waters. See sanitary 
sewer and storm sewer.
(Christensen, 2005)

Shallow coastal flooding 
The inundation of land areas along the coast caused by higher than average 
high tide and worsened by heavy rainfall and onshore winds (i.e., wind 
blowing landward from the ocean). Places like Charleston, South Carolina, 
and Savannah, Georgia, experience impacts from shallow coastal flooding 
several times a year because of coastal development and lower elevation.
(NOAA) 

Shallow soils 
Soils that are generally less than
20 in deep to bedrock, unweathered parent material, or a water table.
(Christensen, 2005)
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Sheet flow   
A relatively thin flow of water.
(Christensen, 2005)
Water flow with a relatively thin and uniform depth; sheet flow may include 
sediment particles transported in the direction of flow.
(Watson; Adams, 2011)

Shore, shoreline 
The narrow strip of land in immediate contact with the sea, including the 
zone berween high and low water lines. Also used in a general sense to 
mean the coastline. The line delineating the shoreline on NOAA nautical 
charts and surveys approximates the mean high water line.
(Watson; Adams, 2011)

Shoreland 
The land around a water body from which surface water drains directly into 
the water body instead of draining into streams and tributaries.
(Christensen, 2005)

Shoreline retreat 
Progressive movement of the shoreline in a landward direction caused by 
the composite effect of all storms considered over decades and centuries 
(expressed as an annual average erosion rate). Shoreline retreat considers 
the horizontal component of erosion and is relevant to long-term land use 
decisions and the sitting of buildings.
(Watson; Adams, 2011)

Slosh Modeling
The Sea, Lake and Overland Surges from Hurricanes (SLOSH) model 
is a computerized numerical model developed by the National Weather 
Service (NWS) to estimate storm surge heights resulting from historical, 
hypothetical, or predicted hurricanes by taking into account the atmospheric 
pressure, size, forward speed, and track data. These parameters are used to 
create a model of the wind field which drives the storm surge.  The SLOSH 
model consists of a set of physics equations which are applied to a specific 
locale’s shoreline, incorporating the unique bay and river configurations, 
water depths, bridges, roads, levees and other physical features.
(NOAA) 
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Sluice
an artificial channel for carrying water, with an opening at one end to control 
the flow of the water
(Cambridge English Dictionary)  

Soil amendment 
Material such as lime, gypsum, sawdust, organic materials, or synthetic 
conditioners that is worked into the soil to improve it. Technically fertilizer is 
also an amendment, but the term “amendment” is most commonly used for 
added organic materials.
(Christensen, 2005)

Soil compaction 
The degree to which parti cles in the soil are compressed, filling pore space 
and increasing soil density. Compaction of soils is advantageous and usually 
essential to the stability of structures and paving, but is detrimental to plant 
growth. Plants are restricted by compacted soils because they afford little 
aeration, little gaseous diffusion, difficult root extension and penetration, 
and they usually lack water because it does not infiltrate well and has little 
pore space for its storage. See also compact and bulk density.
(Christensen, 2005)

Soil moisture 
Water stored in or at the land surface and available for evapotranspiration.
(IPCC, 2012) 

Soil salinity 
The amount of salt in the soil. Excess salt can be toxic to plants, but more 
often symptoms are leaf scorch, stunted growth, yellow leaves or withered 
leaf margins. Salt also interferes with germination of seeds. Salts can build 
up in the soil from softened water, green manure, fertilizers, chemical 
amendments, or salts applied for melting snow. Salts can best be removed 
from soil by leaching with water that is free of salts. This is most effective if 
the soil allows water to drain through it freely.
(Christensen, 2005)

Soil stabilization 
The application of a chemical, biological (plants), or mechanical treatment 
to a soil to increase stability or desired engineering properties.
(Christensen, 2005)
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Spartina alterniflora
Saltmarsh cordgrass, oystergrass, and saltwater cordgrass. Is a perennial 
deciduous grass which is found in intertidal wetlands, especially estuarine 
salt marshes. It grows 1-1.5 m tall and has smooth, hollow stems which 
bear leaves up to 20-60 cm long and 1.5 cm wide at their base, which are 
sharply tapered and bend down at their tips. 
(USDA US Department of Agriculture Natural Resources Conservation Service)  

Spring tides 
Extreme high and low tides that occur about rwice a month, with the full and 
new moons.
(Watson; Adams, 2011)

Stabilization
1. The increase of stability of a sloped earthen mass.
2. The securing, steadying, or establishment in place of, a construction item.
(Christensen, 2005)

Storm sewer system 
Pipes, conduits, swales, and other human-made improvements designed to 
carry runoff.
(Watson; Adams, 2011)

Storm Surge
The temporary increase, at a particular locality, in the height of the sea due 
to extreme meteorological conditions (low atmospheric pressure and/or 
strong winds). The storm surge is defined as being the excess above the level 
expected from the tidal variation alone at that time and place.
(IPCC, 2012) 

Storm Tide
The water level due to the combination of storm surge and the astronomical 
tide, and is expressed in terms of height above a vertical or tidal datum.” 
(NOAA)
Storm tracks Originally, a term referring to the tracks of individual cyclonic 
weather systems, but now often generalized to refer to the regions where 
the main tracks of extratropical disturbances occur as sequences of low 
(cyclonic) and high (anticyclonic) pressure systems.
(IPCC, 2012) 
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Storm water detention
1. Any storm drainage technique that detains runoff.
2. Storage of storm water runoff and its controlled release during and after 
a flood or storm.
(Christensen, 2005)

Stream bank 
Removal of soil particles from a bank slope primarily due to water action. 
Changes in land use, climate, ice, debris, and chemical reactions can also 
lead to stream bank erosion.
(Watson; Adams, 2011)

Stream corridor 
A strip of vegetation along a stream or river, which may be wider than the 
flood plain.
(Christensen, 2005)

Streamflow 
Water flow within a river channel, for example, expressed in m3 s-1. A 
synonym for river discharge.
(IPCC, 2012) 

Subaqueous 
Existing or formed in or under water.
(Christensen, 2005)

Subbasin 
A small drainage basin within a larger watershed.
(Christensen, 2005)

Sublittoral zone 
Portion of rocky shore always submerged.
(Watson; Adams, 2011)

Submerged plants 
Plants that grow below water surfaces for all or a majority of their life cycles.
(Christensen, 2005)

136



Submergent species 
Species of plants that lie entirely beneath the surface of water.
(Christensen, 2005) 

Subsidence 
Land subsidence is a gradual settling or sudden sinking of the Earth’s 
surface owing to subsurface movement of earth materials.
(NOAA)

Subsoil drain 
A pipe or conduit that collects water below the ground surface.
(Christensen, 2005)

Substrate 
In biology, substance or surface to which an organism attaches and grows.
(Watson; Adams, 2011)

Succession 
Progressive replacement of populations in a habitat; the temporal changes 
of plant and animal species in an area. Also see primary succession.
(Watson; Adams, 2011)

Sump
1. A depression, pit, tank reservoir, receptacle, etc. holding excess 
groundwater, sewage, or runoff, etc. to allow removal of the liquid to a higher 
elevation by pumping.
2.  A low point on a roof where a roof drain carries excess water away.
3.  An underground space filled with gravel where water is drained usually 
for disbursement into adjacent soils.
(Christensen, 2005)

Surface flow 
Flow of the water over the surface of the earth.
(Christensen, 2005)

Surface water 
Water in streams, brooks, flvers, ponds, and lakes.
(Watson; Adams, 2011)
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Surficial wetland 
A wetland producing local surface runoff.
(Christensen, 2005) 

Surge 
A sudden voltage increase or decrease in an electrical current.
(Christensen, 2005) 
 

Surgical aquifer 
A water-bearing underground stratum that is not covered by a confining 
(impervious) bed and which can be replenished directly by rainfall or 
snowmelt.
(Christensen, 2005) 

Suspended cages
flotating structures used for oysters grown off bottom
(Maine Aquaculture Innovation Center. Walpole ME, 2017)  

Sustainability
1. The ability to sustain ecological integrity, including human needs throughout 
generations. Also, the ability to provide healthy human-influenced existences 
or processes symbiotic with, allowing, encouraging, or capturing stability 
with natural variances over generations.
2. The ability to maintain with little deviation,
with little waste, with renewable energy, etc.
(Christensen, 2005) 

Swale 
Constructed or natural depression or trough intended to hold and divert 
water runoff.
(Watson; Adams, 2011)

Swamp 
Lowland, generally saturated with water and covered with trees and aquatic 
vegetation; may be a deepwater swamp, such as the cypress tupelo, which 
has standing water all or part of the growing season or bottomland hardwood 
forests flooded periodically.
(Watson; Adams, 2011)
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Temperate zone 
The geographical area or region in the northern hemisphere between the 
Tropic of Cancer and the Arctic Circle and in  the southern hemisphere 
between the Tropic of Capricorn and the Antarctic Circle. Temperate indicates 
that the climate is moderate, without extremes in hot or cold.
(Christensen, 2005) 

Terrace 
1. An embankment with a level area at its top. It is sometimes paved, planted, 
and furnished for leisure use.
2. A flat roof or a raised space adjoining a building. It is often used for leisure 
enjoyment
3. An essentially flat ground area with a vertical grade change separating it 
from surrounding ground elevations.
(Christensen, 2005) 

Terrain
1. An area of land.
2. The geographical land features of a landscape.
(Christensen, 2005) 

Thermohaline circulation 
The global oceamc upwelling and circulation driven by density gradients 
between deep-water temperatures mixing with surface heat and freshwater 
as a function of heat (thermo) and salinity (haline)-as distinct from wind-
driven currents and tides due to gravity of the Moon and Sun- also referred 
to as the ocean conveyor belt.
(Watson; Adams, 2011)

Threshold 
A raised strip fastened to a floor under a door’s bottom edge. It separates 
flooring types and can assist in making a seal to keep out wind, water, 
insects, etc.
(Christensen, 2005) 
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Tidal Marsh Inlet
A long and narrow indentation of a shoreline connecting the ocean through 
salt marsh to the bay during high tide conditions.
(SCR Structures of Coastal Resilience, 2014) 

Tidal planter
Elevation planters placed in draining ponds on the salt marsh platform. The 
planters are constructed from PVC pipes of varying lengths. All of the PVC 
pipes are open at the bottom, and flush to the mudflat surface of the pond, 
resulting in the tops of the pipes being situated at various relative elevations 
within the tidal range. Plants growing in the shorter PVC pipes are flooded 
for a longer duration of each tidal cycle than plants growing in the taller PVC 
pipes.
(Morris; Sundberg; Rodriguez) 

Tidal wave 
1.  Wave motion of the tides; 
2. In popular usage, any unusually high and destructive water level along 
a shore, usually referring to storm surge or tsunami, which are not tidal 
phenomena at all.
(Watson; Adams, 2011)

Tide, and tidal current 
The periodic rising and falling of the water that results from gravitational 
attraction of the Moon and Sun and other astronomical bodies acting on 
the rotating Earth. Although the accompanying horizontal movement of the 
water resulting from the same cause is also sometimes called the tide, it is 
preferable to designate the latter as tidal current, reserving the name tide 
for the vertical movement.
(Watson; Adams, 2011)

Tidelands 
Lands located between mean  high  tide and mean low tide.
(Christensen, 2005) 

Tombolo 
Sandbar that connects an island to mainland or other island, often resulting 
from longshore drift of sand and sediment; tombolos may also form on the 
leeward side of constructed offshore breakers.
(Watson; Adams, 2011)
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Topobathy
Topographic and bathymetric elevation data merged in reference to a 
common vertical datum.
(NOAA)

Tornado 
A violent, rotating column of air in contact with the surface of Earth and 
a thundercloud. The United States experiences more tornadoes than any 
country, due to the unique geography of the continent.
(Watson; Adams, 2011)

Transformation 
The altering of fundamental attributes of a system (including value systems; 
regulatory, legislative, or bureaucratic regimes; financial institutions; and 
technological or biological systems).
(IPCC, 2012)

Transition zone 
Area between habitats or ecosystems. Frequently, transition zone refers 
to the area between uplands and wetlands. In other cases, wetlands are 
referred to as transitional areas between uplands and aquatic ecosystems.
(Watson; Adams, 2011)

Transpiration.
The evaporation of water vapor from the surfaces of leaves through stomata.
(IPCC, 2012)

Tributary 
In landscape concerns, a stream contributing water to another stream or 
water body.
(Christensen, 2005) 

Trophic level (trophic) 
Level of flow of nutrition in a food chain (e.g., producer, primary consumer, 
secondary consumer, tertiary consumer).
(Watson; Adams, 2011)

141



Tropical 
A climate where temperatures remain above freezing all year, and the plants 
suited to the climate, receiving adequate moisture and nutrients to grow all 
year.
(Christensen, 2005) 

Tropical cyclone 
The general term for a strong, cyclonic-scale disturbance that originates 
over tropical oceans. Distinguished from weaker systems (often named 
tropical disturbances or depressions) by exceeding a threshold wind speed. 
A tropical storm is a tropical cyclone with one-minute average surface winds 
between 18 and 32 m s-1. Beyond 32 m s-1, a tropical cyclone is called a 
hurricane, typhoon, or cyclone, depending on geographic location.
(IPCC, 2012)

Troposphere 
The lowest part of the atmosphere from the surface to about 10 km in 
altitude in mid-latitudes (ranging from 9 km in high latitudes to 16 km in 
the tropics on average), where clouds and weather phenomena occur. In the 
troposphere, temperatures generally decrease with height.
(Watson; Adams, 2011)

Trunk sewer 
A sewer with many contributing tributary branches that serves as an outlet 
for a large area.
(Christensen, 2005) 

Tsunami 
One or a series of ocean seismic waves caused by displacement of a large 
volume of water by subduction related to earthquakes, volcano, landslides, 
and other disturbances above and below ocean waters. On the open ocean, 
tsunamis have small amplitude (wave height) and long wave length (period) 
but grow in height as they approach a shoreline. Commonly miscalled tidal 
wave.
(Watson; Adams, 2011)
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Tufted 
Grasses with spike-like foliage or grasses that have a fine texture with 
upright leaves originating at a basal clump and  growing upward and outward 
without much arching or weeping. An example is Blue fescue. (Compare with 
mounded (2), upright grasses, upright divergent grasses, upright arching 
grasses, and arching.)
(Christensen, 2005) 

Turbidity 
Level of suspended sediments in water; opposite of clarity or clearness.
(Watson; Adams, 2011)

Turf 
A thick cover of grass that is usually maintained by mowing.
(Christensen, 2005) 

T-wall type
concrete stem and base slab which form an inverted T. The structural 
members are fully reinforced to resist applied moments and shears. The 
base is made as narrow as practicable, but must be wide enough to ensure 
that the wall does not slide, overturn, settle excessively, or exceed the 
bearing capacity of the foundation. The bottom of the base should be below 
the zone subject to freezing and thawing or other seasonal volume changes. 
As necessary to resist underseepage during a flood event, a steel sheet pile 
cutoff wall is cast into the base slab of the T-Wall.
(USACE US Amy Corps of Engineers, 2008) 

Typhoon 
The term applied to tropical cyclones in the western Pacific Ocean. See 
hurricane.
(Watson; Adams, 2011)
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Uncertainty 
An expression of the degree to which a value or relationship is unknown. 
Uncertainty can result from lack of information or from disagreement 
about what is known or even knowable. Uncertainty may originate from 
many sources, such as quantifiable errors in the data, ambiguously defined 
concepts or terminology, or uncertain projections of human behavior. 
Uncertainty can therefore be represented by quantitative measures, for 
example, a range of values calculated by various models, or by qualitative 
statements, for example, reflecting the judgment of a team of experts. See 
also Likelihood and Confidence.
(IPCC, 2012)

Upland 
General term for dry, nonwetland elevated land within a watershed above the 
floodplain and lower areas along streams of between hills. Often used as a 
general term to mean high land far from the coastline.
(Watson; Adams, 2011)

Upright 
A plant with a form that is vertical and usually having ascending branches. 
This form is found in trees, shrubs, and grasses. Trees of this form (and 
some shrubs) are often identified    as columnar or fastigiated form (and 
some shrubs) are often identified    as columnar or fastigiate.

Upright arching grass 
A grass form with foliage that ascends vertically and arches or weeps at 
its top. (Compare with mounded (2), upright grass, tufted, upright divergent 
grass, arching.)
(Christensen, 2005) 

Upright grass 
Any grass that has an erect form with foliage growing vertically in a tight 
pattern.
(Christensen, 2005) 
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Upright spreading or upright divergent
Plants that have a somewhat narrow vase shape or V shape. Trees of this 
shape have branches that start at the ground or the first branching  and 
spread further the higher they are from the ground. It is not broad (nearly 
as wide as tall), and usually has ascending branches and approaching 
columnar or fastigiate. (Compare with round, columnar, fastigiate, oval, 
broadly spreading, weeping, pyramidal.) Grasses of this form that grow up 
and out in a stiffly  ascending pattern become more erect and tall than tufted 
grasses. (Compare with mounded (2), upright grass, tufted, upright arching 
grass, arching.)
(Christensen, 2005) 

Urban heat island 
The relative warmth of a city compared with surrounding rural areas, 
associated with changes in runoff, the concrete jungle effects on heat 
retention, changes in surface albedo, changes in pollution and aerosols, and 
so on.
(IPCC, 2012)

V

Valley 
The trough, gutter, or low area formed by the intersection of two inclined 
planes of a roof surface.
(Christensen, 2005) 

Vegetation    
Any plant, or grouping of plants. (Christensen, 2005)

Vegetative buffer
1. An area extending landward from a lake, stream, or from the edge of 
wetland that provides adequate conditions and native vegetation for the 
performance of the functional properties of a stream corridor and other 
hydrological areas.
2. An area of vegetation acting as a buffer.
(Christensen, 2005) 
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Verge Enhancement
The strategic gradient enhancement and elevation of coastal edges and 
margins for protection from waves, storms, and erosion through a layered 
buffering system of marsh terraces, earthen berms, and attenuation 
forests. These elevated gradient lands may connect with existing linear 
infrastructures such as roadbeds, railbeds, and bridges, and may also be 
used for accessible public parklands. 
(SCR Structures of Coastal Resilience, 2014)

Vertical stratification 
Gradient or layering of freshwater on top of salt water, also known as salt 
wedge effect; occurs when the fresh- and saltwater bodies join and are not 
vigorously mixed together by turbulence.
(Watson; Adams, 2011)

Volatile 
The condition of a substance that evaporates quickly and is flammable.
(Christensen, 2005) 

Volatilization 
The transfer of a chemical from an aqueous state or liquid to a gas.
(Christensen, 2005) 

Vulnerability
A function of the hazard to which a system is exposed, the sensitivity of the 
system to the hazard, and the system’s adaptive capacity.
(USACE, 2008)
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Walk
1. A pedestrian path.
2. A paved surface for foot traffic following a street.
(Christensen, 2005) 

Walkway    
A footpath.
(Christensen, 2005) 

Wall garden 
Plants in the joints of a stone wall, where soil pockets are available.
(Christensen, 2005) 

Warm season grasses 
Any grass that grows best in hot weather (80 to 95F), growing vigorously from 
spring to summer, after which it flowers and tends toward dormancy in the 
fall (i.e., Zoysia, Bermuda, St. Augustine, etc.). These grasses tend to change 
color in fall and are dormant during winter. The classification of grasses as 
cool or warm season is somewhat arbitrary as grasses perform differently 
from climate to climate. Grasses growing throughout the winter months in a 
mild climate may become completely dormant in a colder climate.
(Christensen, 2005) 

Warm spell 
A period of abnormally warm weather. Heat waves and warm spells have 
various and in some cases overlapping definitions. See also Heat wave.
(IPCC, 2012)

Washer or flat washer 
A metal piece that is usually a flat ring shape used under a bolt head that 
surrounds its shank and extends beyond the bolt head to spread load, 
protects the surface from being crushed by the force of the bolt, ensures 
tightness, and relieves friction.
(Christensen, 2005) 
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Waste pipe 
A drainpipe receiving waterborne discharge, but not receiving fecal matter.
(Christensen, 2005) 

Water balance 
In hydrology, the equation that describes the flow of water in an out of a 
system, at any scale, and including all forms of physical states and water 
storage.
(Watson; Adams, 2011)

Water basin 
A soil mound a few inches high usually formed at the drip edge of a plant 
for holding water to supply roots while preventing its runoff. These are 
commonly formed around plants at transplanting to aid in water   retention.
(Christensen, 2005) 

Waterfall 
A flowing body of water (stream, river, etc.) falling through the air without its 
undersurface contacting the ground.
(Christensen, 2005) 

Water cycle 
The process and path of water transport in its many states of liquid, solid 
(frozen), and vapor between Earth’s lithosphere and atmosphere.
(Watson; Adams, 2011)

Watershed 
A drainage area. The surface drainage area defined by topographic boundaries 
that contributes storm water runoff to a lake, stream, river, pond, drainage 
system, estuarine waters, or oceanic  waters.
(Christensen, 2005) 

Water table 
The geomorphic plane at the upper limit (or transition zone in finer soils) of 
water beneath the surface of the ground. This elevation of water generally 
tends to follow the surface of the ground.
(Christensen, 2005) 
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Waterway 
A shallow depression, usually of concrete, allowing water to cross a roadway 
or driveway, etc. instead of flowing across in a sheet pattern. These are 
common at street intersections where water gathered by raised curbs to 
corners must cross a paved surface. A waterway can carry water from one 
curb to another.
(Christensen, 2005) 

Wave 
Ridge, deformation, or undulation of the water surface.
(Watson; Adams, 2011)

Wetland 
Defined in the Code of Federal Regulations as “an area inundated or 
saturated by surface or ground water at a frequency and duration sufficient 
to support, and that under normal circumstances does support, a prevalence 
of vegetation typically adapted for life in saturated soil conditions.”
(Watson; Adams, 2011)

Weir 
A shallow space or notch along a water’s edge created of hard-surfaced 
materials (usually of a manufactured form) to allow water to pass over it and 
fall. It regulates the amount of water as it flows over it with its shape, width, 
and texture. It is often used to control or measure water or waste water flow. 
Common types of weirs are v-notch, parabolic, or trapezoidal, with each of 
them being either sharp-crested, round-crested, or broadcrested weirs.
(Watson; Adams, 2011)

Wetland 
An area that is inundated or saturated by surface or groundwater at a 
frequency, duration, and depth sufficient to support predominance of 
emergent plant species (cattails, etc.) adapted to growth in saturated soil  
conditions.
Jay Christensen, Alan 2005. Dictionary of Landscape Architecture and 
Construction. 

Wetland mitigation 
Methods of eliminating potential damage or destruction to wetlands, or 
creation of wetlands from uplands to offset the loss of protected wetlands.
(Christensen, 2005) 
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Wetland mitigation bank 
A preserved, restored, constructed, or enhanced wetland that has been set 
aside to provide compensation for losses of wetland functions caused by 
human activities as approved by regulatory agencies.
(Christensen, 2005) 

Wetland treatment system 
A wetland that has been designed for reducing concentrations of one or 
more pollutants in water.
(Christensen, 2005) 

Wetted perimeter 
The distance of a stream bottom measured from the surface of one side of 
the stream at a point in time to the surface of the stream on the other side 
at the same point in time.
(Christensen, 2005) 

Wetting agents 
A chemical in dry or wet form, also known as a surfactant. It assists water 
in penetrating soil more easily or causing such elements as ground bark or 
peat moss to absorb water faster. It seems to make water wetter.
(Christensen, 2005) 

Wildlife 
Generally, animals that are not domesticated and are not  aquatic.
(Christensen, 2005) 

Wilt 
With regard to plants, this means to become limp because of lack of water.
(Christensen, 2005) 

Wilting 
The state of a plant losing its leaf turgor, usually becoming a dull color, limp, 
and drooping because of lack of water supply.
(Christensen, 2005) 
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Wilting point 
The percentage of water in soil when permanent wilting of plants occurs. 
This is when the soil can no longer supply water at a rate sufficient to 
maintain the turgor of a plant, and it then permanently wilts. This is the 
point of moisture condition in the soil when the drainage and usage of water 
has reached a point that the remaining water cannot be drawn or moved to 
roots. The matric force acting on the water prevents molecule movement. 
See also micropores.
(Christensen, 2005) 

Windbreak 
A dense growth of vegetation (usually trees) affording protection against 
wind.
(Christensen, 2005) 

Windfall 
Trees blowing over in wind. It may refer to their tendency to do so because of 
their root structure, root confinement, root removal, or location.
(Christensen, 2005) 

Windthrow 
A condition in which plants (especially trees) are thrown to the ground by 
wind without breaking their main stem, but instead having their roots torn 
or lifted out of the ground.
(Christensen, 2005) 

Wrack line 
A string of debris stranded by last high tide; cast-ashore seaweeds, isolated 
sources of food and shade support an important community of isopods and 
amphipods as well as providing food for birds.
(Watson; Adams, 2011)
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X

Xerigation 
Minimizing irrigation with direct slow application of water to plants usually 
with a drip irrigation system.
(Christensen, 2005) 

Xeriophytic 
In botanical terms, growing in dry situations and able to survive with little 
moisture.
(Christensen, 2005)  

Xeriscape
1. Any landscape requiring little water. The art of this type of landscape design 
is to make it pleasing for the user or viewer without lush plant material.
2. Landscape design and landscape maintenance principles that promote 
good horticultural practices and efficient use of water. The term xeriscape 
is a registered trademark of the National Xeriscape Council. The meaning is 
there promoted as water-conserving, drought-tolerant landscaping.
(Christensen, 2005) 

Xeromorphic 
A plant that has the form or appearance of a xerophyte because it has some 
adaptation to reduce transpiration or survive desiccation.
(Christensen, 2005) 

Z

Zonation (zonal habitats) 
Distribution of plants or animals arranged in zones or bands, caused by 
gradations of biotic factors.
(Watson; Adams, 2011)
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