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Sub-County Growth Forecast Goals

▪ Under CEHD, TWG, and other SCAG committees’ guidance, develop Sub-county 
levels including jurisdictions and TAZ socioeconomic estimates and projections 

▪ Build growth projection analytical framework and database for federal and state 
mandated long-range planning 

✓ Regional Transportation Plan /Sustainable Communities Strategy (RTP/SCS)

✓ Air Quality Management Plan (AQMP) 

✓the Federal Transportation Improvement Program (FTIP)

✓the Regional Housing Needs Assessment (RHNA)



Sub-County Growth Forecast Development

Incorporate latest data
(/GP/Censuses …)

Follow up 
discussions

Build MPU System
(annexations/TAZ boundary 

update…) 

Develop preliminary growth 
forecast

Analyze 
Comments

Local Comments

Scenario  
Forecasts

Scenarios 

Scenario Principles 

Growth Alternatives



SCAG Region Geographical Zones

SCAG. 6 counties, 
38,000 SQ miles

15 Subregions

197 jurisdictions

4,109 Tier1

11,268 Tier2

Tier 3 
zones/customized 

zones

Over 100,000 
SPZs

Over 5 Million 
Parcels

Tract --- 4,326

Block – 200,392

Block Group –
11,902



County Level Projections   

Input

Key Controls: POP, Household,
EMP

(Expert panel/local input)

DOF: Population Projection, 2010-
2060 (by Age, Gender, and 

Race/Ethnicity)

ACS PUMS: Distributions by Age, 
Gender, and Race/Ethnicity

Decennial Census: Demographic 
correlation distributions

Projection

POP: 
Age, Race/Ethnicity/Worker status, 

Group Quarter

Household: 
Size, Type, Income, age

Worker by Industries



Socioeconomic Data Process 

Input

Probabilistic Choice Models
(Multinomial Logit Model)

POP: Age, Race/Ethnicity, Gender

Household: Size, Housing Type, Income, Age

Worker: Worker status, Earning

- Pop by age, race/ethnicity
- Household by type
- EMP by sectors
- Residential Pop, GI, GN
- K12, College Enrollment
- Other secondary variables

County Level Projections

- Pop, Household, EMP, Sectors
- Residential Pop, GI, GN
- K12, College Enrollment

Tier2 Level Projections

Census block level demographic interrelation

Census Decennial Data

- PUMS
- Current 5-year data

ACS Data

Employment: Earning

Constant Share Method

Group Quarters in Dormitories

PopSyn Output (ABM / TBM)

Household: 
Size, Housing Type, Income, Age

# of Workers, Children, College Students

POP: 
Age, Race/Ethnicity, 

Group Quarters in Dormitories

Worker: 
Worker status, Earning

Employment: 
Earning, Sectors

Enrollment: K12 and College

PopSyn Control (Tier2)



✓TBM

✓Environment Justice(EJ)

✓AQMP

✓ABM 

--- POPsyn Process

TAZ level Growth Forecast



PopSyn, what for?

• Creates data of individual households and population
• Similar to the Household Travel Survey (excluding travel-related questions)
• Number of records of household file is same to the number of estimated (or projected) household
• Consistent to the tables summarized by geography (like Census Tract, TAZ)

• Inputs to the ABM

• Reaggregated into summary tables, input to the TBM

• “PopSyn” for Population Synthesis.
• But, it produces synthetic households 
• By sampling, not by assembling
• Name is relic from former generation, “PopGen”



What is inside?

• Technical Aspects… 
• Written in Python 3.8 with numpy / pandas.

• No dependency to DB

• Control targets at multiple geographies

• Distribution Synthesis results to smaller geography

• Discretize (integerize) the household weights

• Methods  IPF/IPU/LB (List Balancing)



Multi-geography Control Targets

• Region-Level: 
• Households by number of workers

• Workers by 20 industrial sectors, 

• Especially workers reside in Imperial County, in Version 3.8

• County-Level:
• Median household income

• TAZ-Level:
• Households by size (5), income (5), housing type (4)

• Persons by age group (5), race/ethnicity (6), worker 



Simultaneous LB

• Collect all controls and do LB at PUMA
• Region/County-Level controls to PUMA, and TAZ

• TAZs within a PUMA share the PUMS 5% sample

• Synthesis of PUMA is not same to the sum of TAZ Synthesis

• Way to reconcile the discrepancy
• Version 3: Run LB for all TAZs excepting the largest one (TAZ with most 

household). 

• Version 3.8: Run LB for all TAZs simultaneously, adjust the weights to maintain 
the PUMA level synthesis over iteration.



Discretize the Household Weights

• Weight of household sample is the product of LB.  Weight is real 
number with fraction

• Version 3
• A linear optimization module to solve a penalty function to get [0, 1]

• Caused system halt in some cases.

• Version 3.8
• A combinatorial optimization module generates “many” sets of [0, 1] and 

evaluate the set against a penalty function.



IPF / IPU / List Balancing

• IPF (Iterative Proportional Fitting) to adjust known distribution 
according to new marginal totals.
• OD matrix based on distance matrix, according to Origin / Destination

• Joint table of households by [household income] and [household size], based 
on 2016 PUMS distribution, for 2050 projection.

• IPU (Iterative Proportional Update) to adjust weight of samples to 
meet the marginal controls proportionally
• Adjust the weights by control variables of households and population 

sequentially



IPF / IPU / List Balancing

• Illustration of IPU Algorithm

Ye, X., K. C. Konduri, R. M. Pendyala, B. Sana, and P. Waddell. Methodology to Match Distributions of Both Household and 
Person Attributes in Generation of Synthetic Populations. Presented at 88th Annual Meeting of the Transportation Research 
Board, Washington, D.C., 2009



IPF / IPU / List Balancing

• List Balancing
• Things similar to IPU

• Recreates estimate (synthesized variables), 
compares to controls, updates the weights

• Sequential updates by each control variables

• Things not same to IPU
• The updating factor is calculated according to 

the solution of “Entropy” optimization 
problem.



Thank YOU!  

Ying Zhou, zhou@scag.ca.gov, 213/236-1943

Sungbin Cho, cho@scag.ca.gov, 213/236-1989
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