
Motivation: Multifamily rental housing (MFRH) is a 
significant, but understudied, portion of the housing 
stock (Peacock et al 2018). Findings related to disasters 
are dated, anecdotal, and not easily generalized. 
Limited available data for commercial real estate is a 
challenge. This research examines hazard risk, 
exposure, shorter-term disaster impacts, and longer-
term recovery trajectories across MFRH differentiated 
by property, market segment, and owner 
characteristics.

Case study: Hurricane Harvey’s (2017) impact in Harris 
County, Texas, was examined due to its extensive 
impacts, recency, and adequate time post-event to 
observe longer-term recovery outcomes. 

Approach: We examine occupancy rates and property 
values for market-rate MFRH adjust to varied flood 
exposure intensity using proprietary property data 
linked to flood depth data. The sample consists of 
~4,100 properties with ~598,000 housing units built 
before 2017. The indicators of property condition are 
examined (1) before disaster impacts, (2) immediately 
following disaster impacts, and (3) the period tracing 
out recovery through the 4th quarter of 2023. We 
explore dynamics across these periods. Event study 
models provide a broad picture of occupancy rate and 
property value dynamics across time. Then, using a 
series of regression models we examine how the 
characteristics of interest are associated with flood 
hazard risk, actual flood exposure, and disaster impacts. 

Key findings highlight repeat flood impacts leading up 
to Harvey; properties with subsidized units were less at-
risk pre-disaster; a post-disaster crowding toward and 
need for affordable housing; land use density coupled 
with building design can be effective mitigation tools; 
and certain owners locally headquartered with greater 
internal capacity had less short-term impacts. 

(1) Research overview and key findings

▪ Figures 5a and 5b plot event study model 
coefficients for the marginal difference in 
occupancy rates between properties that were 
flood exposed (treatment) and those that were 
not (control), controlling for property-specific 
characteristics and submarket-level trends 
(Miller, 2023). 

▪ Results for occupancy rates (figure 5a) indicate 
no initial differences between treatment and 
control groups, an early decline from 2015 and 
2016 flooding, a sharp decline into 3Q17 
following Harvey, bottoming in 4Q17, and a 
return to market levels during 3Q19 (2 years 
post-Harvey). 

▪ Results for property values (figure 5b) also 
indicate an early decline prior to Harvey, trough 
following Harvey in 2018, and recovery trend 
through 2020 consistent with the patterns 
observed for occupancy rates. 

(5) Occupancy rates and values fell for flooded properties
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(6) Flood risk tied to renovation, affordability, & ownership

(7) Building height, rent level, & owner type moderated impacts
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▪ Initial landfall on August 25, 2017, near Port Aransas, TX with maximum sustained winds of 130 mph
▪ Harvey tracked back out to the coast, stalled over the Houston region and released 60 inches of rain
▪ Second landfall on August 30, 2017, in Southeast Texas and Western Louisiana 
▪ 200,000+ homes and businesses were damaged, 30,000+ people displaced, and 89 people died
▪ Estimated damage of $160 billion (inflation adjusted), 2nd most costly tropical storm behind Katrina (NOAA)

(2) Harvey’s direct impacts were prolonged and devastating
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Figure 2b. Flooding was greatest in 
Southeast Texas and Western 
Louisiana 

Figure 2a. Wind speeds were highest 
with the initial landfall

Table 1 provides output for the flood risk and 
flood exposure models. 
▪ The flood risk models examine how property 

characteristics, market segments, and owner 
types and characteristics are associated with 
a property being in the 100-year flood zone. 

▪ The flood exposure models examine how 
the same set of characteristics are associated 
with actual Harvey flooding.  

Select highlights from the results:
▪ Significant flooding in and out of the 100-

year flood zone → some say flooding was 
indiscriminate

▪ Recently renovated properties were more 
likely to be in the 100-year flood zone and 
flooded → indicates repeat flooding and 
flood-induced renovation

▪ Locally-based owners and owners with more 
properties in the Houston MSA more likely to 
own properties in the flood zone → local 
knowledge, willing to accept hazard risks 

▪ Properties with subsidized units and those 
that are user-owned were less likely to in 
flood zone; Properties with subsidized units 
less flooded → affordable housing 
development policy and practice

Disaster impact model output is provided in 
table 2 examining the changes between two 
periods for occupancy rates and property 
values. The general estimating equations are: 
▪ Y2 = Y1 + XB + flood + Xβ* flood + error
▪ Y2 – Y1 = XB + flood + Xβ * flood + error
▪ Y2 is a property’s occupancy rate or property 

value after Harvey, Y1 is before; 
▪ Xβ is same set of variables as above; 
▪ flood is the flood intensity measure, and 
▪ flood*Xβ is the interaction with select 

variables in Xβ.
Select highlights from the results:
▪ Columns (1), (3) and (5) indicate decline in 

occupancy rates, level and percent change in 
values associated with increased flooding

▪ Mid- and hi-rise properties fared better than 
lower-rise (e.g., garden style, townhome)   
→ supportive of vertical development

▪ Lower occupancy rates for higher-rent 
properties relative to lower-rent → suggests 
affordable housing demand/needs

▪ Less short-term impacts for properties with 
subsidized units → faster recovery, why?

▪ Publicly-traded owners (e.g., Camden) 
recovered more quickly because locally 
headquarted, internal capacity and scale, 
and likely, pre-established relationships

Image sources: www.chron.com/news/houston-texas/houston/article/houston-apartments-damaged-hurricane-
harvey-12270464.php; https://s.wsj.net/public/resources/images/BN-UY070_3czKT_M_20170902194544.jpg

Figure 5a. Effect of flooding on occupancy rates

Figure 5b. Effect of flooding on property values

Table 1. Flood risk and exposure models

Table 2. Disaster impact models

▪ Despite extensive flooding, negative effects are 
not observable for submarket geographies. 

▪ Property-level analysis examines impacts more 
thoroughly, presented in the following sections.  

(4) Analysis of geographies can mask lower-level trends

4a) Average daily asking rents 4b) Total daily occupancy rates 4c) Average property values

Figure 1. Apartments flooded by Harvey in Houston, TX.

▪ Property coordinates with FEMA maps identify 
whether in or out of the 100-year flood zone. 

▪ Average flood intensity per Census Block is 
determined using 30-meter resolution raster 
data and assigned to properties. 

▪ Other property and owner characteristics, 
Census demographic data, quarterly occupancy 
rates, and assessed property values are also 
combined.

(3) Linking property, owner, flood risk and exposure data

3a) Property centroids 3b) Flood zones 3c) Flood intensity
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