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Development of Technologies
that aid irrigation water management

e Global Positioning Systems (GPS)
Implementation 20 years ago

e Geographical Information Systems (GIS)
Implementation 20 years ago

e Satellite Remote Sensing
Implementation 40 years ago

e Aerial Photography for Mapping
Implementation 60 years ago




Use of GPS to support Irrigated
Agriculture

Location of water control structures, diversion
points, delivery gates, spill locations, drainage
system Input points, drainage water re-use
structures

Location of new agro-climatic weather stations

Location of maintenance problems identified
during walk-through maintenance activities

Local base stations to support aerial imaging and
Lidar mapping




Installation of GPS base station network

Data from the base stations (dual frequency systems) were used to correct the
positions of the mobile units based on differential correction techniques,
resulting in high positional accuracy. The network of GPS base stations
installed was similar to the CORS network in the US.




L_ocation of the GPS Base Stations in the DR

San Cristobal, Barahona, San Juan, Villa Vazquez,
La Vega, Nagua, Higuey
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Final Results of the Aerial Photography Campaign

20000 scale

99.6 % of the Country covered with color photographs at 1
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Surveying of Ground Control Points used in the

aerial triangulation and production of orthophotos
L <l :\}t 5

, ' High Precision Dual frequency GPS systems
¢ were used to obtain the ground control
points to support aero-triangulation for

mapping
2012:

== High precision Inertial Measurement Units
(IMU) on aerial imaging aircrafts, allow for in-

= flight calibration and positioning of images,

resulting in less need for ground control




Mapping to support Irrigated Agriculture

e High resolution digital mapping of large irrigation
systems allows for the development of GIS layers
representing canal and drain distribution, location
of water control and distribution structures

e Production of high resolution Digital Elevation
Models (DEM) and contour lines that can be used
In the design of irrigation systems

e Production of orthophotos used In the preparation
of cadastre maps of the irrigated properties




Diapositive of the original photo:

Used in analytical stereoplotters for the production of
orthophotos and updating of topographic maps (pre 2000)
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-+ Diapositives are transparent

photos (like a slide)
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Diapositives are used in Analytical Stereo Plotters like the
Leica SD2000 for example
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After the development of the digital products, planning for irrigation of new
systems was done digitally, such as the Azua Il Irrigation Project

Digital Orthophoto Mosaic with Contour Curves at 1-meter intervals




Detail of a Digital Orthophoto with Contours
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GIS databases for Irrigated Agriculture

GIS layers can represent linear features such canal and
drains, point features such as water control and
distribution structures and area features such as property
boundaries

Soils and their suitability for irrigation can be represented
spatially in a GIS database along with soil physical
properties such as water holding capacity and infiltration
rates

Canal and drainage command areas
Cadastre maps, property boundaries




Bear River Canal Company GIS Database

NAIP Color digital orthophoto at 1-m pixel resolution base map
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What is a Digital Cadastre of Irrigators?

It Is a database containing information on all the
property owners and irrigation water users within an
Irrigation project or system. It consists of:

e An up-to-date property boundary map containing
Information on every property owner or water user

e Information on total area and irrigated area of each
property

e |Information on the canal system that delivers water to the
property

=> Because of the geographic and distributed nature of the
Information as well as the requirement to have an

associated database, we use Geographic Information
System (GIS) technology to develop this product.




Why do we need a cadastre of Irrigators?
Porque precisamos de um cadastro de irrigantes?

In many countries, water Is still distributed in fixed
amounts and charged according to area served and
not on by volume delivered. Therefore a good
estimate of area of each irrigated property is needed
for proper assessment of system operation and
maintenance fees.

An up-to-date cadastre of irrigators Is necessary In
the transfer of publicly operated system to private
Irrigator cooperatives

A cadastre can lead to increased income for Water
User Associations and improved water management

UtahState
UNIVERSITY



Digital Orthophoto at 1:5000 scale
The map base for the cadastre of irrigation water users

The orthophoto is a
digital photograph with
geographic coordinates
that has been adjusted

to the terrain so that




Printed Orthophoto at 1:4000 scale were used for field

verification of property boundaries

il

. Field brigades used printed and

= laminated maps to identify the

% property boundaries together with

/| the land owner or a local facilitator

-~ & that has a good knowledge of the
=4\ irrigation system (president of a

water association, ditch rider)

S\
RN

‘“ dual cabin pickup and 3 or 4 cross-
~ country motorbikes
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Survey Form used in Information Gathering by the Cartographers

UNIVERSIDAD ESTATAL DE UTAH/ XNGENIERIA AGROFUTURO
Programa de Administracién de los Siste de Riego Por los Usuarios (PROMASIR)
Proyecto: Estudlos B para el Manejo de los Sistemas de Riego por los Usuarios
udio; Elaboracién Padrén de Usuarios

I Introduccién
El INDRHI y las organizaciones de re afs estan trabajando en la elaboracién de los Padrones de The ca rto ra herS Cond uct the surve
Usua| q . informaciones que se levanten permitan disponer

3 planes de mejoramiento que el
PROMASIR ejecutard para la administracion y manejo de 0 por los usuarios. Esta = H
importanle razén nos penmite solicitar su colaboracién para el llenad sente ficha. WI e pro pe Owner 0 0 al n
I Ficha del Productor ' . . [
1) Cuestionario Nimero rciario baSIC Informatlon on the Water user
2) Hoja del mapa No 6) Sector

3) Canal Il i 7) Néimero de la par, en el mapa__

e e (complete name, nickname, address)

b) Al Sur

i B and on the property (delivery canal,
water distribution problems, crops
e planted, salinity or drainage problems)

) de Usuarlo: Productor Agropecuario aro 2 Otro uso
18) Régimen de Tenencia de la Tierra:
a) Reforma Agraria; b)  Propia; ¢) Awendada; d) Otro (Explique)

tas tareas tiene su parcela

20) Del total de la superfi
21) {Cultiva siem 2 c 5 plique)

22) Tipo de Abastecimiento de Xgumixi -amvvdmi; b) Bombeo del I; H H -t- H
¢) Bombeo Corriente Superficial; d)  bombeo de Pozo Profund n Orm a IO n Was Ig I IZe u SI ng a n
23) éCémo riega su parcela? a) Gravedad; b)  Aspersion; ¢)  Goleo; d)  Otro.
24) 2 b) No . .
55 i ool st 5§kl (i s No (alle 12 26) Access DB apphcaﬂon to automate
Como es?: Severo, (sin posibilidad de cultivar)
do, (rendimiento: : 40% v 60% de | para su cullivo en esta zona)

Mok e e the data entry. This work was done in
il the Dominican Republic at a Lab in
Inpohl..puqt 7 U SU, S I ocC al Ofﬁ ce.

29) Datos sobre la isla y entrevistador:
Faecha (din/mes
‘ncuestador:
nde encon! | entrevistad
¢Cudnto tlempo duro la entrevis!
éCree que el entrevistado contestd con sinceridad?:




*'. On-screen digitizing of the

parcel boundaries in
Arclnfo using

the digital ortho as a

Most of the digitizing was
done at USU using
battalions of graduate and
undergraduate student
technicians. Also the
merging with survey
database and Quality
Control

Observation: We were very good

UtahState _
clients of FEDEX!

UNIVERSITY

INDRHI



Some characteristics of the digital
cadastre of irrigation water users

« Union of the geographic layer containing the property
boundaries with the information in the surveys

* The geographic coordinates come from the digital
orthophotos

* The property area is exact

* The database is complete because all properties within
the command area of a main canal or irrigation system
are included

« Can be readily and easily updated

* The property boundaries can be updated if a
consolidation or division of properties occurs
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Example: Search for a Water User or Irrigator

1 Sistema de Informacién Hidro-Agricola - Canal Marcos A. Cabral
ui

NQRQAE" BRECEC BEECE EHE W<

~ B Cambiar Informaciones ~ Encontrar ... ¢ Reportes Demanda de Agua

v MAC_LOTLOTE ~ i X|

[~ MAC_OBRARTE
. - " Apelido ¢ Nombre " Apodo " Cédula ‘

[~ MAC_CAN_CANAL : :
» JJIMENEZ M.

I~ MAC_USO_SUPRF

| Nombre I Apodo | Cedula _A_l
JIMENEZ NIRKA NO APLICA
JIMENEZ SIMON B. NO APLICA,
JIMENEZ RAFAEL DANILIO
IMENEZ M. L RAFAELDANILG L
JULIAN SUCS. A, NO APLICA
KENNEDY PELEGRIN NO APLICA
LANDESTOY RAFAEL OMAR 00300112200
LANDESTOY NEGRO NO APLICA -




Digital Database

=]

ODEO WS EOBOEN BN eEE SEERE EER RNA< B EOss

Seleccionar Tema ~ [E& Cambiar Informaciones - Encontrar ... - Reportes Demanda de Agua Cerrar Liskado

v MAO_LOTLOTE | Informacion

[~ MAD_OBRARTE PARCELAS DEL SISTERLA DWLAO

®
. . PORTELA
[ MAD_CAMN_CaMAL Apelide Duefio.: ALONZO

/‘V’ !
[~ MAO_USO_SUPRF 1o Py g ] _ Apode Duefio.: TITANITO

£ 7 =& 0 el Area thectareas). 271.48

— E’-\D_SUE_SUELD % '-«_\t"-*v-_q'.:_-"-!'ﬁ_ o o : o S iy 'f iy Area (72 2,714,756.25
: 7 7 : e | [Area (Tarea) - 4.316.95

Area Begada. 0.on

Cavdal L3 0.00

Cedula Duefio.: MO APTICA

Codige Anterior
Lote.:

Cédigo Sector.: 3.00

Dreuda Duenc.: 0.a0

Direccion Duefio.: MO EWNTEEGD
Fecha Agregada
(par).
Frequencia de Eiego.: [0.00
Larmna de Apua: 0.on
Hombre Duefio.: JTTATT
Mombre Sector.: PILOTO

Tumero
Cuestionarico.:

FPermetro. 9.13%2.14

Superficie Area W20 |2,714,756.25

Tareas irrigadas.: 4.316.85

Tarifa Dueno.: 0.00

Telefono Duefio.: MO APLICA =

.00

Qizef2000

43.00

Tema Actual.: mao_lotlote Consultando T abla. LI

il start :_:[j @ I‘_g] MichsUFt PowerPoint - [e... _JQ PRESEM_LABORARIC il Sistema de Informacion Hi. .. | | Informacion ?ﬁ%@ - )4 1:45 PM




.»;r.: l\'»:-r:\.a Resolvel rtes £ o
DF0HdSES ||/B EH BB BEER EE WAL E O w

| Seleccionar Tema & Cambiar Informaciones ~ Encontrar ... - Reportes Demanda de Agua

v MAC_LOTLOTE

]
v B170-1%-042.TIF [Image r
Ia Tabla: I mac_nom_propietario
MAC_DOBRARTE

® Columna | walor | ﬂ

Actualizar Informacién Individus
Actualizado el:l Friday . August 22,2003 j

[~ MAC._CAN_CANAL Apellido Dueﬁo VILLAR
Nombre Duefio
2 Apodo Duefio NEMNE
[~ MAC_USO_SUPRF ) Cedula Duefio 75063100000
O Direccion Duefio AV FABIO HERRER:
Telefono Duefio
Apellido Usuario VILLAR
MNombre Usuario
Apodo Usuario NEME
Cedula Usuario 75063100000
Direccion Usuario AV FABIO HERRER:
Telefono Usuario
Tareas imigadas 224,92 :_’ F

Guardar cambios y cerrar |




Information on irrigation infrastructure for Marcos A. Cabral System

i Sistema de Informacion Hidro-Agricola - Canal Marcos A. Cabral - [Mapa]
B3 Archivo Wer Tema Resolver Pregunta Reportes Ventana Avuda

D08 NQRAEM BNEC0C BEEN EER N @ SO0+

Seleccionar Tema 220 Cambiar Informaciones - Encontrar ...

Reportes Demanda de Agua

v MAC_LOTLOTE

O

[ MAC_OERARTE
L]

[ MAC_CAN_CANAL
A

[ MAC_USO_SUPRF

O

Tema Actual: mac_lotiote | Consultando Tabla. [ = 353159.41, = 2018733.47 [ CAPS [NUM [IN5 | |

Start”J :ﬂ @ g |J _%]mac | Microsoft PowerPoink - [e... ||§;§ﬁ Sistema de Informaci... @(ﬂ%ﬁ@ ‘ 11:22 &M

UNIVERSITY




Irrigation Water Control Structures

S DEL SIS

1.00
362,547.00
2020448 00
244439 1
LATERAL (T-52) O
TELMA FRANIUL
MARCOS A CAERAL
FRINCIPAL

0.7X07

ZQUIERDO

CON MECANISMO

BUENA

3,34%.00




GIS Canal Distribution Layer




DOEHS NQRQET BRECEC BEEE EE W< E S0F
| B8 - Reportes Demanda de Agua

leccionar Tema  ~ (& Cambiar Informaciones ~ Encontrar ...

USO_SUPRF

v MAC_LOTLOTE
O
[~ MAC_OBRARTE

[~ MAC_CAN_CANAL
~
Unidad.: No Aplica

Fecha de Siembra. | 87222003 =] Ciblo
a Fecha de Cosecha: | & /2272005 ¥
= Area Sembrada: |20"0F [v Utiliza &rea Total

xxxxxxxxxx InfO[maClén de Cosecha HHARRXKKXK
[~ Utiliza Precio Promedio

Rendimiento.: |~-""

status.. MNo Sembrado

)
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Training of Water User Association Personnel and
INDRHI Irrigation District Personnel

e Basic Windows: 4

e Use of the Agro-hydrological System software: 4

e Updating the Water Users Database: 4

e Updating the Agricultural Statistics: 4




Observations

e The cadastre was necessary Information in the
transfer of the Irrigation systems from government
control the Water Users Associations

e USU facilitated the transfer of 40 irrigation
systems in the Dominican Republic, setting up the
democratic structure, training the WUA staff on
operation and maintenance of the Irrigation
system, administration and governance

e The use of the digital cadastre of irrigators and
related database by the transferred Water User
Associations increased their O&M assessment
Inputs by up to 70% Is some cases

UtahState
UNIVERSITY ~
INDRHI



Remote Sensing in Irrigated Agriculture

e Used to obtain the different crops and
corresponding areas In an irrigated system.
Example: Bureau of Reclamation LCRAS system

e Estimate seasonal crop evapotranspiration and
Irrigation water demand

e Estimate crop yield and production statistics

e Monitor the surrounding environment and natural
vegetation to the irrigated area

e \Water rights: monitor irrigate area and determine
who Is Irrigating
e Estimate groundwater pumping and usage




Remote Sensing Services Laboratory - RSSL

USU Cessna TP206
Remote Sensing Aircraft

UNIVERSITY

USU Multispectral Digital System
equipment rack with FLIR SC640

thermal infrared camera in the
foreground.




Red

NIR * 3bands

UNIVERSITY



USU Airborne multispectral system merged with LASSI Lidar

UNIVERSITY



USU Airborne multispectral system merged with LASSI Lidar
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Details on MS Camera System

— Four co-boresighted multispectral cameras
* 16 megapixels each for IR, R, G, B bands

* 64 megapixels total Camera Hardware
* Integrated with lidar
 Calibrated

Sample of Our Custom 16 mp System
(R,G,B channels shown)



ROW 3D Mapping System

— 3D Lidar

* Based on Riegl Q560
150,000 measurements/second (300 kHz laser)
* 25 mm range accuracy at any range
* 31 mm footprint @ 100 m range
* 60 degree swath angle bl Ui B, Ot
* Integrated with cameras

Helicopter swath through Utah State University from 200 m
using Riegl Q560 lidar system




Lidar Image of Tropical Rainforest
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Water Balance of an Irrigated Area:
Palo Verde Irrigation District, CA
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Palo Verde Irrigation District (PVID)

Location: imperial and Riverside counties, CA.

Area: more than 500 km?.

Elevation: 67 m at South to 88 m at North.

400 km of irrigation canals and 230 km of drains.

Predominant crops: alfalfa, cotton, grains, melons.

Alluvial soil with predominant sandy loam texture.

46



Study Area: Palo Verde Irrigation District




Water balance of irrigation schemes

| + P=ET + DP + RO +AS

I: Applied irrigation water,
P: Precipitation;

ET: Evapotranspiration;
DP: Deep percolation;
RO: Surface runoff; and,

AS: Change in soil water storage.

48



PVID
Groundwater

Dynamics

49



PVID piezometers

Over 260 piezometers
1 mile by 1 mile grid
Monthly measurements

——— Kilometers

015 3 6 9

Generated by: RSSL, USU, Logan, UT

PVID Groundwater Elevation (ft ASL)

September 2008

Legend
—wmee Draing
T High : 280

p— Low : 215

Kilometers
0 15 3 6

Generated by RSSL, USU, Logan, UT

Ground Water Fluctuations (im)

2008

Legend

.H]gh: 115

L Low - 0.15

Kilometers
0 25 5 10




Average Depth to Groundwater (m)
January 2007 to December 2009
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Evapotranspiration

52



Remote Sensing of Energy Balance

R,=H+G+LE

R,: Net Radiation
H: Sensible Heat Flux
G: Soil Heat Flux

LE: Latent Heat Flux

Surface Energy Balance Algorithm for Land (SEBAL)

Developed by Dr. Wim Bastiaanssen, Wageningen, The Netherlands

53
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Precipitation
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Surface

Inflow & Outflow
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PVID Water Conveyance Network /
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Closing

Water Budget
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Depleted fraction (DF)

-DF, = ET,/ (P, + Vy)
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Final Observations

e (Geo-spatial technologies have facilitated the design
and management of large irrigation systems

e Mapping and ET estimates from remote sensing are
becoming common approaches for irrigation water
management and basin water balance studies
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