2017 Documentation Report for COHYST 2010 Model Section 4. Datasets

4. DATA SETS

This section discusses how the COHYST 2010 team built datasets that are used either as input
to one or more models, or as targets against which to compare model results. In some cases,
the source data were developed outside of COHYST 2010, and simply formatted for use in a
model. For other datasets, there was substantial effort in developing new information. Where
appropriate, this documentation provides references and/or links to the source data and/or
processed data. By far the most extensive discussion relates to the Land Use Dataset, as unlike
other data that were obtained or developed from existing sources, these data were created

specifically for the COHYST 2010 model.

In some cases, authors of other model sections chose to describe certain input and/or target
datasets as part of their model-specific documentation, rather than in this section. Users of this
documentation are assumed to be familiar with the types of data commonly used in the
development of regional watershed, groundwater and surface water models; thus, foundation

concepts (such as explaining the nature of a “DEM”) are not presented.
4.1 Datasets Used by All Models
41.1 Climate

National Weather Service data used in the COHYST 2010 models come from the University of

Nebraska High Plains Regional Climate Center: www.hprcc.unl.edu/index.php. Appendix 4-A

identifies 77 weather stations for which data were obtained. These data were used as
follows: to build the Phase 1 water budget (see Section 3.3); as input to the CROPSIM runs
which are the foundation of the Watershed model, and then as direct input to that model
(Section 5); and as direct input to Surface Water model calculations of open water (reservoir,

rivers and canals) water budgets (Section 6).
4.1.2 Elevations and Drainage Network

All models require stream and surface water features to be spatially represented. In addition,
the watershed model requires delineation of drainage areas and the groundwater model

makes use of elevations for the land surface, monitoring wells, and stream beds. Surface

4-1



2017 Documentation Report for COHYST 2010 Model Section 4. Datasets

elevations were taken from 10 meter DEMs at http://dnr.nebraska.gov/data/elevation-data .

Selected elevations were field checked by DNR; see Appendix 4-B. Watershed boundaries and
locations of streams, drains and reservoirs are from the National Hydrography Dataset (NHD)

at http://dnr.nebraska.gov/data/surface-water-data . Selected features have been checked by

DNR and HDR using air photos and expert input; see Appendix 4-C.
4.2 Land Use
4.2.1 Introduction

4.2.1.1 Objectives of the Land Use Dataset

The model approach set out in Section 3 requires that the water use for each 160-acre model
cell be calculated by the watershed model for each month of the study period. In turn, this
requires a representation of the land use over time for each cell, including whether the land is

irrigated or not; and if agricultural, what crops were grown.

No record or method is known to be available by which the actual crop on each field can be
determined over time. However, methods do exist by which data available at a county level can
be scaled down to provide representative land use information that can be applied to each cell.
Such information was developed for the previous COHYST groundwater models. A quality
assurance review of the prior data base identified a significant problem, specifically a
discontinuity in time (at 1997) caused using different techniques to estimate irrigated acres

before and after that time.

Recognizing that developing a new or replacement dataset would be time-consuming, this
discontinuity was subject to considerable discussion by the Sponsors. The Sponsors determined
that it was necessary to replace the prior dataset for counties within the Platte River drainage,
but that the prior dataset could continue to be used outside that drainage (to be replaced at

some future time).
The Sponsors specified that the replacement land use dataset would meet the following objectives:
e Represent estimated actual irrigated and dryland acres through time;

e Use consistent historical datasets to eliminate disconnects in time;
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e Use the best available data and method;

e Be validated at the county scale;

e Be simpler and more understandable than the previous method;

e Serve the additional purpose of annual tracking and accounting at a regional scale.

It was not required or expected that the resulting dataset would represent actual land use on

any farm; see further discussion in Section 4.2.4.
4.2.1.2 Spatial Coverage

Figure 4.2-1 illustrates the area for which the land use dataset was developed. As shown, the
new dataset was developed for the entirety of the Central Platte and Twin Platte NRDs, and for
the Tri-Basin NRD except for Gosper County for which the necessary foundation data were not
available. Gosper County is discussed in Section 4.2.3. The term “Redevelopment data set”

refers to these data.
4.2.1.3 Time Coverage

The land use dataset was developed for years 1950 to 2007. Values as early as 1950 were
needed in anticipation of extension of the models back in time. The year 1950 corresponds to
a time when groundwater irrigation was becoming significant. The year 2007 corresponds to
the last year when the most recent Census of Agriculture was available for this study. The
Census of Agriculture is the only data source that includes crop types and is consistent

through the entire timeframe.
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Figure 4.2-1. Study Area for COHYST 2010 Land Use Dataset Development.
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4.2.2

Method for Development of New Land Use Dataset in Platte River Basin

The method to estimate land use within the Platte River Basin, excluding Gosper County,

utilizes the following generalized approach.

Use digitized land parcels, well completion information and surface water appropriation
dates to develop a spatial database of potentially irrigated (i.e. irrigable) lands through

time.

Use Center for Advanced Land Management Information Technologies (CALMIT) dryland

and existing certified acres to create a potential dryland layer.
Use the Census of Agriculture to define acreage trends through time by county.

Use remote sensing data to determine county specific ratio relating the degree of
agreement between the potential and trend data with the measured (remotely sensed)

irrigated acres.

Propagate the relationship by applying the county specific ratio through time to build an

estimate of actual irrigated acres for model calibration and tracking and accounting.

Apply crop types shown by Census of Agriculture distributions through time.

A more detailed description of the methods is shown as a flowchart in Figure 4.2-2 and is

described below. Basic information about all data sources used in this procedure are identified

in Appendix 4-D. These data sources are considered to satisfy the objective that the best

available data are used.

4.2.2.1 Irrigable Lands Dataset

The first step was to create a spatial database of potentially irrigated (i.e. irrigable) lands. The

NRD digitized certified acres (groundwater) and NDNR digitized surface water rights were

considered the best data sources and were used whenever possible to complete this task.

However, some data gaps existed and in these cases different data sources were applied. The

Tri- Basin NRD, for example, did not have a certified acres spatial dataset; hence, spatial
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Figure 4.2-2. Flowchart of Methods used to Create the COHYST 2010 Land Use Dataset.
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datasets of taxable irrigated lands were acquired from the Kearney and Phelps County

assessor’s offices and were used as a substitute for NRD certified acres.

In addition, some irrigation district boundaries were not available in the NDNR surface water
rights spatial dataset. These areas were filled in with boundaries extracted from the Nebraska
Water Resources Department irrigation district map. Figure 4.2-3 shows the data sources used

to create the irrigable lands spatial dataset.

The next step was to add a time component to the irrigable lands to show the first year the land
became irrigable. To do this, the irrigable lands spatial dataset was related to the NDNR
registered well database, and from this the first completion year of the wells associated with
individual parcels was tied to each feature. In addition, surface water digitized parcels were
related to the NDNR points of diversion, and from this the priority year of the surface water
appropriations was tied to each feature. Whenever possible, the relationships were established
through the tables, as this showed a definitive association between the well registration or
surface water appropriation and irrigable parcels. The Central Platte NRD, and Kearney and
Phelps county assessor records did not provide well information within the table so a tabular
relationship could not be established. As such, a spatial relationship based on proximity to well
was developed, and from this relationship, the completion date of the first installed well was

tied to each feature (Appendix 4-E).
4.2.2.2 Dryland Dataset

The creation of a historical dryland acres’ dataset posed challenges as there was no dataset that
showed the spatial extent of dryland at a field scale through time. As such, assumptions were
made concerning the location of dryland parcels. The primary assumption was that currently
irrigable land had the potential to be dryland farmed prior to the installation of a well. A
secondary assumption was that current dryland had the potential to be dryland farmed
historically. To apply the assumptions, an initial dryland spatial dataset was created from
dryland parcels in the CALMIT 2005 land cover dataset (i.e. current dryland). The irrigable lands
spatial dataset (i.e. currently irrigable) was then merged with the CALMIT dryland parcels, and

the resulting dataset represented the maximum extent of historic dryland. A time component
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Figure 4.2-3. Map Showing Input Data Sources Used to Create Potentially Irrigable Lands Dataset.
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was an implicit part of the dataset: the land was considered dryland until a well installation or
surface water appropriation occurred, at this point the affected parcels were converted to

irrigable land.
4.2.2.3 Comingled Irrigated Lands Dataset

Comingled acres were developed by overlaying maps of the groundwater parcels on the
surface water parcels for each year back to 1950. Parcels were considered comingled if they
appeared on both maps, and were considered comingled back in time to the year no overlap

occurred.
4.2.2.4 Annual Dataset Creation and Cell Partitioning

Annual irrigable and comingled datasets were created by querying the year of interest and
creating a subset of features that satisfied the query. The features were then overlaid on the
dryland spatial dataset. For overlapping areas, the irrigable land superseded the dryland, and
the comingled land superseded the irrigable land. The process was repeated for each year

from 1950-2007.

Figures 4.2-4 through 4.2-6 show snapshots of yearly land use at 1950, 1985, and 2007,
respectively. The maps show that in 1950 a large portion of irrigation relied on surface water
sources and most of the groundwater irrigated land occurred near the Platte River in the
central and eastern portions of the study area. There was very little comingled land at that
time. Over time, groundwater irrigation expanded outward from the Platte River, especially in
the central and east portions of the study area. By 1985, roughly half of surface water
irrigated lands had become comingled, and by 2005, the clear majority of surface water lands

had become comingled.

GIS processes were then used to calculate the fraction of land use in model grid cells for each
year, and to create tables of results. This work was expedited by writing a Python program to

perform GIS and tabular operations (Appendix 4-F).
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Figure 4.2-4. Year 1950 Land Use in COHYST 2010 Acres Redevelopment Area.
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