
C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Estimating Population Across 

Different Boundaries

C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Image result for sacramento levees

James Common & Melika Mani

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiZ6ZnWjqXWAhUQ02MKHb4eBQsQjRwIBw&url=https://www.army.mil/article/41389/corps-approves-sacramento-area-levee-vegetation-variance/&psig=AFQjCNHGmgUV3D4T9MeQaw_VVDTlrOqX1Q&ust=1505493541859660


Outline

• Past Efforts 

• Existing Building Footprint Datasets

• Remotely Sensing Building Footprints

• Parcel Data and Description of Population Aggregation 

Process 

• Tools to Automate Process 

• Next Steps

1



Past Efforts
▪ DWR uses Detailed Analysis Units 

intersected with county boundaries 

(DAUCO) for the Water Plan water 

balance data

▪ Over 500 DAUCO’s in the state

▪ Population estimates required for 

each DAUCO



Past Efforts
▪ Census boundaries do not align 

with DAUCO

▪ Some census blocks are split
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Past Efforts
▪ Dark red lines represent the 

DAUCO boundaries

▪ Thin black lines are the census 

blocks

▪ Can assume the population of a 

census block completely inside 

would be 100%

▪ Population of split census block 

based on a manual count of houses 

(visual inspection)
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Past Efforts
▪ Visual inspection of split census 

blocks can be tedious
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Existing Building 

Footprint Datasets
▪ Available for free and covers all 

58 counties

▪ Used by other state agencies

▪ Two datasets: Microsoft Global 

and US

▪ Global version updated more 

frequently but contained unique errors

▪ US version had building footprints in 

those areas but had less overall 

coverage for the state

6



Existing Building 

Footprint Datasets
▪ Other Concerns

▪ Does not contain attributes about building type or total housing 

units within buildings such as apartments

▪ Large building footprint area could be apartments or 

commercial type

▪ Missing building identifications in areas of heavy tree canopy
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Esri Building Footprint Extraction – USA

• Pretrained deep learning model for detecting buildings from high-resolution imagery 

• Performs best with orthorectified 8-bit RGB (10–40 cm resolution) 

• Reported average precision: ~0.72 (Esri) 

Key advantage

• Can be rerun on updated imagery

Our Evaluation

• Used NAIP 2022 imagery (60 cm) → lower resolution than model requirement 

• Tested across different conditions:

Lake Tahoe, Los Angeles, San Jose, San Francisco, Sacramento 

• Captured about 60–74% of buildings in tested areas 

• Microsoft datasets captured more true buildings across all samples

Automate Building Footprint Extraction 

using ESRI Deep Learning
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Common Issues in Building Detection

• False detections — roads, parking areas, and open land were 

sometimes identified as buildings

• Merged buildings — nearby or attached buildings, especially in 

dense urban areas, were combined into a single footprint

• Shape errors — large or irregular buildings were not captured 

accurately

These issues reduced confidence in using the results for population 

allocation.
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Parcel Data

▪ Dataset (Q2 2025 Lightbox) 

▪ Attributes for “use code description” and for count of “housing units”

▪ Use codes allow for selection of only residential types
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Parcel Data

▪ Intersect residential-only parcel 

types with census blocks 

▪ This assigns each parcel with 

a census block GEOID to help 

relate other data 

▪ Census blocks might cut 

through a parcel, but we had a 

requirement to have a parcel 

assigned to only one census 

block

▪ Used parcel centroid during 

the process
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Parcel Data

▪ Intersect the result with 

DAUCO boundary

▪ If census blocks are split by 

DAUCO, determine the count 

of parcel housing units in each 

DAUCO piece

▪ Census block population 

distributed to each DAUCO 

piece based on proportion of 

total housing units
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Parcel Data

▪ For example, see bright blue 

highlighted census block
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Parcel Data

▪ 8/(8+34) = 19% 

▪ So it was assumed 19% of the 

census block population is 

located in the smaller sized 

DAUCO piece on the right

▪ The census block population 

was 117 people, so 19% would 

be about 22 people in the 

smaller piece
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Tool to Automate 

Process

▪ Convert manual steps into automated 

process using Python and ready to use 

ESRI geoprocessing tools
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Population Split Toolbox

Population 

Split Tool
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Population Split Toolbox

Four Step Workflow in ArcGIS Pro
1 Parcel Data Preparation 2 Centroid, Census & 

Boundary Integration

3 Compute Population 

Allocation Weights
4 Gap Filling & Final 

Calculations
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Population Split Toolbox
Step 1A–1B: audit use codes and build centroids

Step 1 — Parcel Preparation

• Load county parcel datasets into a 

statewide geodatabase

• Compare parcel use codes with the 

baseline residential list

• Flag new or unmatched codes for review

• Update the residential list as needed

→ Generate residential parcel centroids 

for next steps of processing.
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Population Split Toolbox

• Step 2: Assign centroids to census blocks and 

target areas

• Step 3: Calculate split percentages from 

centroid counts

• Step 4: Use area-based fallback for populated 

blocks with no centroids

• Step 4: Merge results and summarize by target 

area

Step 2 Step 3

Step 4
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Next Steps

▪ As population is the most consistent indicator of urban water usage, operationalizing 

these tools to refine urban water use estimation would improve water accounting 

accuracy

▪ Funding permitting, utilize tools developed by this pilot to assist in Water Plan 

transition from DAUCO to HUC8

▪ Funding permitting, explore data related to Single Family and Multi Family water use 

to refine the estimation of those datasets in the Water Plan data
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