[bookmark: _Hlk524079536]Rent durations and the role of the local housing market
A survival analysis

















Name: Ruben Quak 
Date: 04-12-2018

Colofon

Title: Rent durations and the role of the local housing market – A survival analysis
Version: Final
Author: Ruben Quak
Student number: S3107418
E-mail: r.quak.1@student.rug.nl / ruben_quak@live.nl

Supervisor: dr. X. Liu




















Disclaimer: “Master theses are preliminary materials to stimulate discussion and critical comment. The analysis and conclusions set forth are those of the author and do not indicate concurrence by the supervisor or research staff.”
Abstract
Since households generally move over short distances, the local housing market can influence the decision and the ability to move. A Cox proportional hazard model is developed in this research to assess the role of the local housing market in explaining variation in mobility. The research extends previous literature on varying mobility rates across housing markets by incorporating different and more detailed market characteristics from an unique database in the model. The model confirms the hypothesis that tenants in tight housing markets show a longer length of residency. Population growth has a positive impact on length of stay, which is contrary to earlier research. A growth of the population can increase the pool of competitors for a suitable home such that the amount of moving opportunities decreases. The availability and affordability of owner-occupied dwellings, as perceived end station of the housing chain, have consequences for rent duration as well. Furthermore, the differences in length of residency between tenants in the social and the liberalized sector are significant. The outcome of this research is relevant for policy makers when they determine new construction locations or when the fluidity of a housing market is obstructed. A more accurate prediction of rent duration can have a positive influence on cash flows for investors as well. 
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1. Introduction
Residential mobility has received considerable attention in both science and practice. Variation in the mobility of households is relevant in multiple ways. Firstly, relocating allows a household to switch jobs more easily. Residential mobility and job mobility are intertwined (see for example Van Ommeren et al., 1999), and therefore economically important. Secondly, residential mobility has several implications for the state of the neighborhood and the composition of its population (Van der Vlist et al., 2002). Thirdly, the rent duration of tenants can have an impact on incoming cash flows of investors. Long-term tenants provide a stable cash flow, but don’t allow for significant rent increases. Short-term tenants generate the problem of having to seek new inhabitants more frequently, with the risk of vacancy. However, it also allows the investor to adjust the rent or the house itself more easily. Fourthly, moving is an important solution for households to fulfill their housing needs. For instance, adding members to a household often requires moving to a larger house. When the fluency of a housing market is obstructed, households are stuck in a house that doesn’t fit their needs. They can not adjust this because there aren’t any (or a very limited number of) suitable alternatives at hand. This can cause unwanted circumstances such as long waiting lists for social housing. Policy makers, and especially those in tight housing markets, are therefore often interested in creating the most efficient housing stock. Research on mobility patterns can provide insights in that regard to policy makers when they need to address the lack of fluency in a local housing market. 
The current Dutch housing market characterizes itself by large price increases during the past few years, long waiting lists for public housing, a shortage of liberalized rental units and new construction that falls behind. These are all signs of an overheated or ‘’tight’’ market. However, these signs are strong in one region, while they are non-existent in another. These different circumstances can lead to different behavior of households on the housing market. From earlier research it has become clear that residential mobility can vary heavily over regions as well (Dieleman et al., 2000) (Van der Vlist et al., 2002). If housing market factors form a certain barrier that prevents a household from moving, then the length of residency of that household in one particular house gets longer. In tight housing markets, where the opportunities for moving are limited in some way, one could expect that mobility is negatively influenced. The number of moving opportunities is mainly determined at the local level (Dieleman et al., 2000). Theoretically, a household could just move from a tight market to a more relaxed market. However, individuals tend to move over short distances (Clark, 1986) and are generally bound to a certain place, due to for example jobs or relatives. It is therefore not surprising that 57% of the Dutch households move within the same municipality, while most of the remaining households move to an adjacent or nearby municipality (CBS, 2017). Since the search areas for a new house are thus often bound by local ties of the household, it is very likely that the state of the local housing market has an influence on the decision and the ability to move. Postponing this decision, due to for example a shortage of available owner-occupied housing in the same city, leads to a longer duration of residency. Apparently, the characteristics of the local housing market can cause gaps between the demand for a certain type of housing and moving opportunities (Molin et al., 1996). 
The relationship between the length of residency of households and the local housing market is the central theme in this paper. Most studies on length of residency and residential mobility are focused on household characteristics and the ways in which they influence moving behavior. However, few scientific work has been done to address the role of the local housing market in combination with household features. Deng et al. (2003) and Dieleman et al. (2000) studied several local markets in the United States but had some contradicting results. One contribution of this research is that several variables that are used in studies of the American housing market are incorporated in a new model on the Dutch housing market. As this paper will show, the effects of certain variables are different. A plausible explanation for this is the differing housing market and demographic- and economic circumstances between the USA and The Netherlands. Another contribution is the use of more detailed local market characteristics to describe them more extensively. This results in a better differentiation between local housing markets and in a more thorough approximation of their tightness. Van der Vlist et al. (2002) used the percentage of social housing, the volume of the housing stock and degree of urbanity to differentiate between local markets in The Netherlands. In this paper it is argued that economic, demographic and more detailed housing market features are relevant as well. A third contribution is that neighborhood effects are estimated. The neighborhood is an important feature of residential quality, but is often overlooked in earlier mobility studies. Finally, the differences between tenants in the social- and the liberalized rental sector will come forward, which haven’t been previously considered in comparable research. This is quite surprising, since they face different limitations of the housing market and are likely to have different mobility patterns. As will come forward later on, the differences in length of residency between these two groups are significant. 
The goal of this paper is to estimate the effects of local housing market features jointly with the effects of household-, house- and neighborhood characteristics on the length of residency of  households. Of special interest are the local housing market characteristics. The underlying thought here is that the local housing market is important for generating moving opportunities. These moving opportunities are related to supply and demand. When demand is high but supply is low, a housing market is perceived as tight. Demographic, economic and housing market variables are used in the model to indicate whether a market is tight or relaxed. It is hypothesized that the tight markets show longer lengths of residency, because the limited amount of moving opportunities prevents households from moving. The main research question that accompanies this hypothesis is: In which ways do local housing market features influence the duration of residence of Dutch tenants? A survival analysis method is applied on an unique dataset of households in the Dutch rental sector to estimate the effects of local market characteristics on rent durations. 
The outline of the rest of this paper is as follows: the next chapter will give a brief overview of the research literature on the topic of rent duration. In chapter three the dataset will be described. The econometric model and research approach are discussed in the fourth chapter. Chapter five will pose the results. These results will be followed by a discussion in chapter six. The seventh chapter concludes.  

2. Literature review

Mobility of households
The mobility of households and their behavior on the housing market has been examined extensively in the past decades. One of the ground theories on mobility is ‘Why families move’ (Rossi, 1955). Moving behavior appeared to be closely related to the characteristics of the household and their life cycle. The stadium in which the household finds itself in the life cycle determines its housing needs. Young adults generally move more frequently, as they find a partner or get a new job for example. Families tend to stay in the same home for a relatively long period of time. Seniors tend to move after the children left the home. Elderly then generally reside in the same home even longer, for example due to relatives in the neighborhood or the inconvenience of the moving process itself. After a while they start to move again, mainly due to a partner that died or because of health reasons. 
Next to the life cycle, another dominant characteristic determines the moving behavior of households: tenure status. Renters and owners tend to behave very differently. One of the most important distinctions is that renters are generally a lot more mobile than owners (Ioannides, 1987). The absence of transaction costs is one explanation for this. Another reason is that their house doesn’t need to be sold when they want to move (see for example Clark & Dieleman, 1996). These differences lead to  separate models for owner-occupiers and renters in mobility studies. This study will focus on renters, because  the higher frequency of moving and less limitations on the rental market compared to the owner-occupier market are interesting attributes for examining duration of stay. Besides, there is still a good variety of rent durations among the population of renters: one tenant can stay in the same house for a decade, while the other moves within one year.
A household that resides at the same location for an extensive period of time is less mobile than a household that moves around a lot. Thus, length of stay can serve as a good indicator of mobility. Next to life cycle and tenure status, duration of stay can be explained by other (and sometimes relating) factors. These are variables that translate to reasons for households to voluntarily adjust their housing consumption (Clark & Onaka, 1983). They can be divided in different scale levels, as illustrated by Figure 1.

Figure 1: Residential mobility and its embeddedness in different scale levels
[image: ]

Dieleman et al. (2000) show that mobility patterns are embedded in these different scale levels. Processes at these scale levels have an influence on the residential choices of households. At the household level, events such as births and getting a new job can trigger relocation. The house then has to be adjusted to the new preferences of the household. However, the type of neighborhood the current and the preferred house stand in may affect the ability to fulfill or to have this relocation wish. If moving to a larger house requires to leave the current neighborhood, some may find this an obstacle. The neighborhood level has not been considered by Dieleman et al. (2000) and in many other scientific work on residential mobility, but will be considered here. The underlying thought is that a good quality neighborhood will prevent inhabitants from moving. However, if the neighborhood isn’t necessarily a reason to stay, then the local market will provide the most likely moving opportunities to the household. As mentioned earlier, people tend to move over short distances. The local housing market is therefore important in generating enough moving opportunities. The interplay between staying or moving and the local housing market (indicated by the orange link in Figure 1) is of major interest in this research. The last two scale levels in Figure 1, national and international, mainly consist of macro-economic processes that influence the housing market in general. Inflation, mortgage rates and housing policies are among them. These factors are not in the scope of this research, and aren’t considered in the remainder of this paper. The role of household-, house-, neighborhood- and local market characteristics in duration of stay is described in further detail.  Summary:
1. The life cycle has  a major impact on mobility;
2. Renters are much more mobile than owner-occupiers;
3. Mobility is embedded in different scale levels, of which the household-, house-, neighborhood- and local market levels are examined in this paper. 


Household
From a household perspective, Gronberg & Reed (1992) found that older tenants have a shorter expected rent duration. The effect of being older however had a marginal significance. Van der Vlist et al. (2002) report a positive relationship between age and rent duration. Age is an important indicator of the life cycle, but is hardly interpretable as a straight line. The relation between mobility and age is not strictly linear, but it is clear that residential mobility is the highest among young households. Sometimes, researchers therefore choose to include variables that interact with age in their model (Henderson & Ioannides, 1989). 
Furthermore, a higher income leads to a smaller probability of moving (Gronberg & Reed, 1992) (Van der Vlist et al., 2002). This is in contrast with Henderson & Ioannides (1989), who found that wealthier families were actually more mobile. A possible explanation for the better mobility of wealthier households might be the sharp increase in housing costs when a household is considering to move from the social rental sector to the liberalized rental sector. This increase in housing costs can form a barrier in the sense that it prevents the household to move out from a cheap controlled rental unit, thus resulting in a longer rent duration. Households with a low income that enter the social rental market can stay in their home while their income increases. In this way a form of ‘miss-matching’ occurs, in which a household earns more income than the regulated maximum income limit for social housing while it can’t be evicted from its social dwelling. Wealthy households on the owner-occupier market on the other hand, are evidently more mobile. 
Other relevant factors are employment and commuting distance. Although these characteristics are often not the main reason for moving, they can still explain quite some variation in mobility rates between households (Van Ommeren et al., 1999) (Van der Vlist et al., 2002). Ethnicity, marriage and education level play a role as well, with white people, the married, and the higher-educated generally having a shorter length of stay (Gronberg & Reed, 1992). Family size on the other hand has a positive relationship with length of stay (Henderson & Ioannides, 1989). However, the addition of a family member often triggers relocation (Clark et al., 1984). 

Summary:
1. Age, as a reflection of the stage in the life cycle, is an important predictor that is positively related to length of stay;
2. The role of income in mobility on the rental market is not so clear;
3. Other household variables can be relevant as well, such as education, ethnicity and family size.

House
House characteristics are influential on moving decisions as well. The available space is a dominant factor in this issue, but also the costs and quality of the dwelling are important (Clark & Onaka, 1983). Occupying larger dwellings generally leads to longer rent durations (Clark & Dieleman, 1996), and households that live in apartments are more mobile than households that reside in for example detached houses (Van der Vlist et al., 2002). Others argue that space itself is not so relevant, but that the ratio of number of rooms to number of required rooms is (Pickles & Davies, 1985). 
A higher rent level leads to a shorter rent duration (Gronberg & Reed, 1992) (Van der Vlist et al., 2002). There can be multiple explanations for this. Firstly, the specific housing taste of a renter occupying an expensive dwelling is more likely to diverge from the characteristics of the house. When one can afford more, one can find more reasons to move as well. Secondly, the gap between the rental market and the owner-occupier market becomes smaller when the rental unit is expensive. Becoming an owner-occupier might then be financially more attractive at a certain point. Thirdly, sometimes households can’t find the specific home they want to rent or buy. However, they need to live somewhere when they already sold their house or when their rental contract has been terminated. Due to the flexibility of renting, those households often choose to rent a new dwelling temporarily until they find a home to their liking. Finally, tenants in the social rental sector generally live in their cheap dwelling for a longer period of time. An interesting point here is that the opposite impact of the size of the house and the rental price on length of residency seem to contradict, as larger dwellings generally have higher rent prices as well. One explanation for this could be that social dwellings that are suitable for families can be relatively large as well. Another reason might be the influence of local housing market circumstances. 
Other house-specific characteristics might influence mobility to a certain degree as well. One can think of an elevator for a multi-story building, an individual- or building-specific parking lot, a garden or balcony or construction year as proxies for dwelling quality. If the house lacks these kinds of attributes, it could lead to households moving elsewhere once they prefer such features. 
Summary:
1. A higher rent generally leads to a shorter length of stay;
2. Space on the other hand holds a positive relationship with rent duration;
3. Other housing quality features can form reasons to stay or leave, such as an elevator, construction year and accessibility to a garden.



Neighborhood
Intuitively, a non-satisfactory neighborhood can stimulate moving out of it, while a good quality neighborhood can attract more newcomers. There is evidence that a substantial part of the persons that move even realized an upgrade in neighborhood quality while maintaining the same house quality. This indicates that households attach quite a lot of value to their direct surroundings in their housing career and that they adapt their mobility pattern to it (Clark et al., 2006). However, the consensus on what defines the quality of a neighborhood and how to measure it is limited (Clark & Onaka, 1983). Can a good neighborhood be measured by a high average income? Or does the perception of the inhabitants determine the quality? While many studies focus on the latter, it is pretty evident that objective neighborhood conditions do play a role in mobility choices (Ellen & Turner, 1997). However, it is not so clear which neighborhood characteristics have an influence on different types of households and their mobility.
The social composition of a neighborhood is relevant for the desirability of that neighborhood for individual households. One relevant variable here is ethnicity. Natives in The Netherlands have a higher propensity to move when their neighborhood contains a large share of non-western immigrants (Zorlu & Latten, 2009). Non-western immigrants on the other hand are less likely to choose native neighborhoods as new destination. Apparently, the ethnic composition of a neighborhood is something that households consider when they want to move.  
The racial mix is something that Lee et al. (1994) also include in their mobility research on neighborhoods in one American metropolitan area. Other variables they consider (next to household variables) include population density, population growth, average income, age of the inhabitants, vacancy and tenure mix. They found few significant links, but the vacancy and tenure mix showed statistical significance. A higher percentage of owner-occupied dwellings and a lower vacancy rate tend to reduce mobility, as they can be seen as indicators of a stable and desirable neighborhood. However, their research is quite limited due to the small amount of observations while all observations are located in only one city. 
It appears that absolute levels of neighborhood indicators might be hard to relate to mobility of individual households. Another approach is to relate these indicators to household characteristics and measure the difference between them. Older people might be inclined to move when the average age of the inhabitants in the neighborhood is much lower than theirs. Wealthier people might want to move when their income is far above the average. Thus, the interaction between the neighborhood and the individual can be relevant (Rosso et al., 2014). However, it is clear that the role of the neighborhood in the length of residency is not researched so well. Summary:
1. Objective neighborhood conditions play a role in mobility choices;
2. Natives show  higher mobility rates when their neighborhood consists of many non-natives, and the other way around;
3. A high percentage of owner-occupied dwellings indicates a more stable neighborhood, and therefore generates less mobility.



Market
On a larger scale level, Deng et al. (2003) examined the role of the metropolitan area in rent durations. They found that several metropolitan factors, such as the percent of Black/Hispanic population, the median housing costs and the poverty level have a positive effect on the hazard rates, thus leading to shorter rent durations. Unemployment rates and population growth however, hold a negative relationship with the hazard rate, thus indicating a longer length of stay. This contradicts with the findings of Strassman (1991) and Dieleman et al. (2000). They concluded that population growth in US cities lead to increased mobility rates. It is interesting to examine the effect of population growth in a Dutch context. For a densely populated country such as The Netherlands, population growth in a city could lead to a longer duration of stay. Due to the combination of limited space for new construction and population growth, households can have trouble to find an appropriate new home when they wish to move. More people flowing into the local market results in more competition for the same house. This could lead to residing in their current dwelling for a longer period of time. 
The impact of the share of public housing is also interesting. Deng et al. (2003) found that a greater proportion of public housing reduces length of stay, which is consistent with the results of Van der Vlist et al. (2002) for urban areas. Social rental housing generates more frequent moving, because most moves are within or from the rental sector (Dieleman et al., 2000). Next to the share of social housing, the total housing stock might also affect mobility rates. Most people move within the same housing market area. Therefore, the size or growth of that area in terms of housing stock determines how many possibly sufficient homes that area has to offer for a household (Dieleman et al., 2000). 
As is the case with mobility of individual households, age is a relevant variable. One can expect that the overall mobility will be higher in a housing market area with a relatively low average age of the population. Average house price and income levels have their impact as well. Income mainly determines the choice of tenure (renting or owning) (Dieleman et al., 2000). However, when the supply of housing in a city is not synergizing with income levels, then some sort of friction exists in the sense that households can’t adjust their preferred tenure to their income. For example wealthy households can therefore be stuck in the rental sector while they prefer to own. 
Accurate data on economic factors and the supply and demand of housing on the local level is quite lacking in earlier research. For example, it would be plausible to expect that the accessibility of the owner-occupier market has an impact on rent durations. If an owner-occupied home is well-affordable and well-accessible, then this might be a more attractive option than renting. Furthermore, some economic performance indicators of the region could partially reflect the attractiveness of the area and therefore the demand for housing. An overview of variables that can add to the literature in that regard is given in chapter 3. Summary:
1. Population growth is an important local market predictor, but its effect on mobility is unclear;
2. A large share of social rental housing in a local market is related to high mobility;
3. The size and growth of the housing stock seem to be positively related to mobility;
4. Income influences the choice of renting versus owning, so a high average income could lead to a longer length of stay;



3. Data
The unique dataset that is being used in this research consists of several parts. The main data are extracted from a real estate management firm (MVGM), resulting in information on over 40,000 Dutch rental housing contracts. The rental houses under management of MVGM are spread across the whole country, although mainly located (just like rental housing in general) in the relatively larger cities. The sample can’t be seen as truly representative for the whole Dutch population of renters. The reason behind this is the overrepresentation of free sector tenants in the database. This has to do with the nature of the services of MVGM, that is mostly appealing to firms on the free market. The model that is used in chapter 4 and 5 accounts for this by estimating separate coefficients for liberalized and social tenants. 
The most important variables of interest here are the starting date and expiration date of the contracts, which define the rent duration of a household. Due to the extraction of the data at one specific point in time (January 1st, 2018), most of the rental contracts are still active and so a large share of the observations become right-censored (see chapter 4). An attractive feature of this dataset on the other hand is that the exact starting date of a spell is known. Other information from the rental contracts includes the rent, the address and in many cases the age of the head of the household. 
Due to privacy issues, other household characteristics are absent from the database. However, these characteristics can be important predictors for household mobility, such as age, number of household members and education level. This is why an additive dataset is used to link the address and the rental contract to several household characteristics. These data come from EDM, which is an institution that models a large number of characteristics for every household in The Netherlands. It has to be noted explicitly that these data are modelled, based on their research on for example questionnaires and other datasets. However, the accuracy of most modelled variables is relatively high, with for example more than 90% of the EDM education level estimates being accurate. For the age variable, 88% of the household heads were inside the estimated interval of five years or an adjacent interval of another five years. A non-modelled dataset would obviously have been preferred, but these data have an acceptable accuracy for several household variables. Since age is such an important predictor for mobility and since it is not available for all of the rental contracts, the choice has been made to use the EDM estimate of age to fill the gaps in the rental contract database. Furthermore, the number of persons per household will be used in this research. This variable has an 80% accuracy. For further information on the EDM data, see Appendix 1.
Characteristics of the house and neighborhood are present as well. They include for example construction year and floor space of the house. The neighborhood variables contain for instance mean house price, livability scores, and percentage of immigrants. These variables come from a combination of data sources, mainly the base dataset and the EDM and Experian dataset. The EDM and Experian data on neighborhoods are also partially modelled, but proved to have a high accuracy on this scale level.
Of special interest however are the market characteristics. They include for example population growth, rental value growth, GDP growth, new construction figures and vacancy rates. These are extracted from Experian, the Central Bureau of Statistics and MSCI benchmark reports. These are all variables on a municipal level. The regional housing shortage is the only predictor at a larger scale level, namely COROP region. The choice has been made to use the Primos housing shortage predictions for 2040, which is used by the national government in policy issues. Since a housing shortage in The Netherlands is currently present in nearly all regions, it wouldn’t allow for much differentiation between relaxed and tight markets. The prediction for 2040 is more accurate in showing these differences. The geographic spread of the estimated housing shortage or surplus can be seen in Figure 2. It is evident that the housing shortage will be the most severe in the most densely populated and economically developed area in the western part of the country (the Randstad). 
Figure 2: Housing shortage or surplus per COROP region in 2040
[image: ][image: ]
Source: ABF Research (2017)

All the variables used in the dataset can be found in Table 1. The rent duration is highly dispersed. The mean duration is therefore not so relevant, because long-term renters are increasing the mean heavily while most tenants actually only rent for a couple of years. Duration is therefore right-skewed instead of normally distributed. The tenants appear to be one person households in more than 50% of the cases. Only 3% of the households consists of more than three persons. Families with children often opt for an owner-occupied dwelling. Almost half of the rental dwellings are liberalized, with the apartment being the most dominant dwelling type. 
There are two variables that require some further explanation. The first one is the tightness ratio of the owner-occupied market. This is an indication of how difficult it is to find an owner-occupied home in that municipality. Dividing the number of houses for sale by the housing stock returns a percentage, with a smaller percentage indicating a more ‘’tight’’ owner-occupier market. The second variable is affordability of the owner-occupier market. This measure tells something about the ability to buy a home for the income groups that possibly need or want to do so. Based on the income of the 6.5th through the 8.5th income deciles, a hypothetical maximum buying price is derived and compared with the average sale price in that municipality. Renters that want to buy a home fall most likely inside these deciles. The ratio between the maximum buying price and average sale price forms the affordability, with a low percentage (under the 100%) indicating a hardly affordable market. The mean affordability is 133%, thus indicating that owner-occupied houses in most markets in the sample are well affordable. An affordable market could lead to households transferring from the rental market to the owner-occupier market more easily, such that a shorter rent duration is expected.
	Variable
	Mean
	SD*

	 
	 
	

	Rent duration
	 
	 

	RentDur
	3319.09
	3654.8

	 
	 
	

	Household
	 
	 

	Age <30
	0.16
	0.37

	Age 30-39
	0.15
	0.36

	Age 40-54
	0.21
	0.41

	Age 55-64
	0.14
	0.35

	Age 65-74
	0.16
	0.36

	Age >74
	0.18
	0.39

	Highly educated
	0.28
	0.45

	One person HH*
	0.54
	0.5

	Two person HH
	0.32
	0.47

	Three person HH
	0.1
	0.3

	>3 Person HH
	0.03
	0.18

	 
	 
	

	House
	 
	 

	Liberalized
	0.48
	0.5

	Apartment
	0.71
	0.45

	Terraced
	0.23
	0.42

	Other dwelling type
	0.06
	0.24

	Rent
	789.92
	275.88

	Floor space <60
	0.09
	0.28

	Floor space 60-79
	0.23
	0.42

	Floor space 80-99
	0.28
	0.45

	Floor space 100-119
	0.2
	0.4

	Floor space >119
	0.21
	0.41

	Consyear <1940
	0.03
	0.17

	Consyear 1940-1969
	0.15
	0.36

	Consyear 1970-1999
	0.62
	0.49

	Consyear >1999
	0.2
	0.4

	Elevator
	0.42
	0.49


	Variable
	Mean
	SD

	 
	 
	

	Neighborhood
	 
	 

	Avg* house price (x 1000)
	198.15
	71.41

	Population density
	6619.03
	4889.23

	Non-urban
	0.11
	0.31

	Weakly urban
	0.26
	0.44

	Urban
	0.3
	0.46

	Strongly urban
	0.33
	0.47

	Livability
	-3.2
	20.46

	Walkscore
	71.77
	16.62

	Avg HH size
	2.11
	0.35

	Perc* NW* immigrants
	0.12
	0.12

	Perc >65 yrs
	0.19
	0.09

	Perc High income
	0.25
	0.16

	Avg consyear
	1975.62
	18.03

	 
	 
	

	Local market
	 
	 

	Population growth
	9.51
	10.97

	New construction
	967.9
	1423.25

	Tightness ratio own-occ
	1.55
	0.69

	Rental value growth
	2.48
	0.4

	Vacancy rate (15yrs)
	3.35
	1.3

	Income growth
	3.32
	5.01

	Affordability own-occ
	133.24
	27.55

	Avg GDP growth (10yrs)
	0.86
	1.31

	GDP per capita
	47923.63
	19095.71

	House price growth <0
	0.28
	0.45

	House price growth 0-10
	0.66
	0.47

	House price growth >10
	0.06
	0.24

	Perc liberal units
	12.27
	8.79

	Shortage 2040 perc
	-1.81
	2.93


Table 1: Descriptive statistics






* SD = Standard Deviation, HH = Household, Avg = Average, Perc = Percentage, NW = Non-western


4. Methodology
	

	
                                            (eq. 1)


In estimating the effects of certain covariates on the dependent variable of time, standard OLS often doesn’t have the right properties to do so. Time-to-event analysis has two unique characteristics that hinders the use of standard linear regression. 
Firstly, while working with duration data, one often has to deal with censoring (O’Quigley, 2006). Censoring can appear in different forms, but it became clear in the previous chapter that the most common right-censoring is present in the dataset. Right-censoring occurs when a subject participates in the study for some time, and then is no longer observed. In this specific case, the tenants are observed since they moved into their current dwelling, but aren’t observed anymore after a specific point in time. If the subject didn’t move until that point in time, the exact rent duration is unknown. This right-censoring causes problems for OLS, but can be dealt with by using survival analysis techniques.
Secondly, a different problem arises with the distribution of duration data (Cleves et al., 2008). In linear regression, the residuals are assumed to be normally distributed. Time-to-event however is often not normally distributed. Rent duration data are actually right-skewed, because a lot of tenants move within, let’s say, the first three years of occupation. While there is a substantial part of the population that rents for longer than three years, the short-term renters are clearly dominant.
Survival analysis allows to analyze censored non-normally distributed data. To estimate the effect of certain covariates on rent duration, two options are available: parametric and semiparametric modelling. Parametric modelling can give more efficient results and allows to analyze the duration dependency (whether time itself has a certain effect). However, one has to make assumptions about the baseline hazard in that case. This can be risky, and a wrongly specified model will yield wrong results. Therefore, a semiparametric model is often preferred (Kleinbaum, 1996). This is why the model used here is a semiparametric Cox proportional hazard model in the form of
where  is the baseline hazard (the shape of the hazard rate for every observation with all covariates set to 0) and  represents the regression coefficients to be estimated from the data (Cleves et al., 2008). The coefficients say something about the hazard rate. This rate is the probability that a household who occupies a certain residence for time t leaves the house in the short interval dt after t. 
The household-, house- and neighborhood characteristics are included in the model as control variables. Mainly age is important here, as it reflects the life stage of a household. The market variables are jointly included as well. The coefficients are estimated in a pooled model for all tenants, but are also separately estimated for the social sector and the liberalized sector. The expectation is that several parameters hold a different relationship with the hazard rate between these two types of tenants, since they face different limitations on the housing market. For example, tenants in the social sector have to deal with long waiting lists, while free sector tenants have to pay higher rents than can vary heavily over regions. Several differences between these groups will come forward in the next chapter.
Some properties of the data and the Cox model can make the usage of the model more complex. One of the assumptions behind the Cox model is the proportionality of the hazards. More elaboration on this assumption and its test can be found in Appendix 2. A different issue however lies in the structure of the data. Most often, duration data is acquired through flow sampling. Individuals are sampled then who enter the state of living in a house at some point in the interval [0, b] (Wooldridge, 2002). Then the length of time of being in this state is recorded. This type of data often contains right-censoring. However, with stock sampling one randomly samples individuals that are in the initial state at a given point in time. This is actually the case in this research: the rental contract database was extracted at one specific point in time. Quite often one only has right-censored observations then. The observations in this dataset that are not censored (nearly 5.000) come from the fact that the expiration date of the rental contract is known beforehand. Nevertheless, these data fall under the category of stock sampling. The issue with stock sampling is related to the tenants who left their rental home before the exact date of extraction of the dataset. These households are therefore not observed. One can’t just assume that the missing observations have a similar distribution, because spells with a shorter length are less likely to be observed. This problem is called left-truncation or length-biased sampling (Wooldridge, 2002) (Van der Vlist et al., 2002) (Lancaster, 1990). The bias is a result from the fact that tenants with a short length of residency are then under-represented. As the statistical program of choice for this research, STATA can account for some forms of left-truncation by specifying that an observation becomes at risk and is being observed at the exactly the same time (once the person moved into the house). However, the length-bias could unfortunately not be accounted for in STATA, which is a noted disadvantage of using the Cox model in combination with this type of stock data.

5. Results
	Household
	Pooled
	 
	Social
	 
	Liberalized
	 

	Age <30                  
	1.166***
	(0.0555)
	1.191***
	(0.0896)
	1.246***
	(0.0735)

	Age 30-39                
	1.206***
	(0.0567)
	1.259***
	(0.0953)
	1.362***
	(0.0733)

	Age 40-54                
	0.802***
	(0.0550)
	0.675***
	(0.0922)
	1.000***
	(0.0714)

	Age 55-64                
	0.389***
	(0.0596)
	0.173
	(0.103)
	0.591***
	(0.0753)

	Age 65-74                
	0.149**
	(0.0577)
	0.0159
	(0.0925)
	0.273***
	(0.0751)

	Age >74                  
	0
	(.)
	0
	(.)
	0
	(.)

	Highly educated          
	0.118**
	(0.0397)
	-0.120
	(0.0815)
	0.0546
	(0.0459)

	One person HH            
	0.0138
	(0.101)
	0.541
	(0.435)
	0.166
	(0.106)

	Two person HH            
	0.145
	(0.0993)
	0.695
	(0.434)
	0.258*
	(0.104)

	Three person HH          
	0.0609
	(0.101)
	0.378
	(0.463)
	0.116
	(0.104)

	>3 Person HH             
	0
	(.)
	0
	(.)
	0
	(.)

	N
	34555
	 
	17847
	 
	16708
	

	Standard errors in parentheses
	
	
	
	
	
	

	* p<0.05  ** p<0.01  *** p<0.001
	
	
	
	
	
	


The results of the model should shed some light on the interplay between the household, house, neighborhood and market variables and the length of stay. Due to the large amount of variables included in the model, every variable group (or scale level) is presented in an individual table. The estimations however come from the complete model with all variables included, which can be found in Appendix 3. Table 2 shows the coefficient estimates of the household variables. A positive coefficient indicates that an increasing value of a variable leads to an increasing hazard rate, and thus to a shorter length of stay.

Table 2: Model results of the household variables

In every three of the models, age is, as expected, an important predictor. The omitted reference category is age above 74. The difference between the reference and the younger age groups is quite large. This is not so surprising, as households in these parts of the life cycle get children and jobs which often leads to moving elsewhere. The decreasing coefficient for age along the different dummies indicates that length of stay increases with age. Being highly educated is only significant in the pooled model, and appears to be related to a shorter length of stay. The amount of persons in the household, in comparison with household with more than three individuals, seems not be so relevant. This seems a bit surprising, as for example one person households generally face less obstacles for moving.
Table 3: Model results of the house variables
	House
	Pooled
	 
	Social
	 
	Liberalized
	 

	Liberalized              
	1.947***
	(0.0437)
	
	 
	
	

	Apartment                
	0.293***
	(0.0742)
	-0.0432
	(0.217)
	0.507***
	(0.0811)

	Terraced                 
	-0.275***
	(0.0734)
	-0.900***
	(0.230)
	-0.0861
	(0.0776)

	Other dwelling type      
	0
	(.)
	0
	(.)
	0
	(.)

	Rent                     
	0.000653***
	(0.0000770)
	0.00253***
	(0.000293)
	0.000673***
	(0.0000873)

	Floor space <60          
	1.500***
	(0.0813)
	2.295***
	(0.198)
	1.568***
	(0.124)

	Floor space 60-79        
	1.058***
	(0.0649)
	1.691***
	(0.180)
	0.838***
	(0.0816)

	Floor space 80-99        
	0.488***
	(0.0567)
	1.190***
	(0.173)
	0.414***
	(0.0642)

	Floor space 100-119      
	0.292***
	(0.0522)
	0.568**
	(0.181)
	0.269***
	(0.0558)

	Floor space >119         
	0
	(.)
	0
	(.)
	0
	(.)

	Consyear <1940           
	0.540***
	(0.0964)
	-0.442*
	(0.185)
	0.488***
	(0.128)

	Consyear 1940-1969       
	0.311***
	(0.0581)
	-0.649***
	(0.111)
	0.604***
	(0.0778)

	Consyear 1970-1999       
	-0.270***
	(0.0406)
	-1.155***
	(0.0973)
	-0.0245
	(0.0475)

	Consyear >1999           
	0
	(.)
	0
	(.)
	0
	(.)

	Elevator                 
	0.247***
	(0.0385)
	0.510***
	(0.0710)
	-0.0418
	(0.0493)

	N
	34555
	 
	17847
	 
	16708
	

	Standard errors in parentheses
	
	
	
	
	
	

	* p<0.05  ** p<0.01  *** p<0.001
	
	
	
	
	
	



Table 3 shows that the difference between tenants in the social and liberalized sector is substantial. The positive coefficient for the variable ‘’Liberalized’’ is large and highly significant, indicating that tenants in the free sector have a (Exp(1.947)) 7 times higher hazard rate. This justifies the split up of the pooled model into the two sectors. Looking at dwelling type, apartments and other dwelling types show shorter rent durations than terraced housing. Larger houses however lead to a longer length of stay, which is consistent with the findings of Clark & Dieleman (1996). A higher rent leads to a shorter duration, but the effect is surprisingly the largest for the social sector (where the rents are the lowest). A higher rent is probably serving as a push to move to the owner-occupied sector. 
Older dwellings show positive coefficients, indicating that people move out from old houses relatively faster. Maybe a lower housing quality is a reason for this, but it could also partially be ascribed to the fact that houses with a construction year before 1940 are mostly located in the inner-cities. These are popular among young people with already a higher mobility. A similar reason can be found for the effect of having an elevator, as high rise buildings relate to an urban environment.
The average house price, as an objective indication of neighborhood quality, illustrates an effect that is similar to individual rent (see Table 4). When the house prices in the neighborhood are high, households move out of their rental dwelling faster. The coefficient is rather small, but the unit of measure here is house price in Euros, such that the coefficient applies to every one Euro increase in house price. Assuming that a higher average house price reflects better living conditions, tenants apparently don’t stay longer when these conditions are good. However, this could have to do with high rental prices that lead to a higher attractiveness of owning. 

Table 4: Model results of the neighborhood variables
	Neighborhood
	Pooled
	 
	Social
	 
	Liberalized
	 

	Avg house price          
	0.00321***
	(0.000456)
	0.00868***
	(0.00114)
	0.000245
	(0.000534)

	Population density       
	-0.00007***
	(0.000005)
	-0.00008***
	(0.00001)
	-0.00006***
	(0.000006)

	Non-urban                
	0.410***
	(0.0860)
	0.179
	(0.169)
	0.497***
	(0.108)

	Weakly urban             
	0.399***
	(0.0634)
	0.257*
	(0.110)
	0.534***
	(0.0844)

	Urban                    
	0.253***
	(0.0514)
	0.000567
	(0.0874)
	0.371***
	(0.0691)

	Strongly urban           
	0
	(.)
	0
	(.)
	0
	(.)

	Livability               
	-0.0118***
	(0.00151)
	-0.0153***
	(0.00284)
	-0.00183
	(0.00188)

	Walkscore                
	0.00121
	(0.00106)
	0.00806***
	(0.00227)
	-0.00171
	(0.00123)

	Avg HH size              
	-0.769***
	(0.0680)
	-1.311***
	(0.139)
	-0.309***
	(0.0859)

	Perc NW immigrants       
	-1.075***
	(0.202)
	-1.419**
	(0.435)
	0.541*
	(0.250)

	Perc >65 yrs             
	-2.732***
	(0.227)
	-2.998***
	(0.400)
	-1.712***
	(0.306)

	Perc High income         
	-0.688***
	(0.155)
	-1.118**
	(0.398)
	-0.757***
	(0.182)

	Avg consyear             
	0.00696***
	(0.00105)
	-0.000223
	(0.00197)
	0.00496***
	(0.00128)

	N
	34555
	 
	17847
	 
	16708
	

	Standard errors in parentheses
	
	
	
	
	
	

	* p<0.05  ** p<0.01  *** p<0.001
	
	
	
	
	
	



Strongly urban neighborhoods are related to a longer length of stay. This might be related to the increasing popularity of larger cities such as Amsterdam, where the supply of better alternative dwellings is limited. The livability score has a similar effect in the sense that people obviously want to live in a neighborhood with a high quality of living and therefore choose to stay there. The walkscore, as a measure of the distance to amenities, doesn’t show the same effect.
As stated in chapter 2, the social composition of a neighborhood might be relevant for mobility patterns. The average household size and the percentages of non-western immigrants, elderly and high income households reflect this. The most notable result is the effect of the non-western immigrants. Tenants in the social sector tend to stay longer in their home when the number of immigrants in their neighborhood is large. This is also because households with a non-western background are often social renters themselves. Households in the liberalized sector however, are generally moving out earlier in such cases. 

The last group contains the market variables. Population growth is important to determine which regions most likely have a certain demand for housing in the future. The coefficient for population growth in Table 5 (see over) shows that the relatively faster growing municipalities can be linked to an increasing length of stay. When new housing supply can’t keep up with population growth, the number of moving opportunities will decrease. 
New construction is a variable that is measured in absolute numbers, such that the coefficient has to be interpreted in relation to a one-unit increase of newly built houses. New construction is significant in the pooled model, and has a positive impact on the length of stay. In one way this seems surprising, as new construction could trigger relocation within the same municipality. On the other hand, new construction generally takes place in local markets where demand exists from households that live elsewhere. Newly developed housing is therefore an indication of a tight market, and thus leads as expected to longer rent durations. This effect isn’t visible in the model for the tenants in the liberalized sector.
Table 5: Model results of the market variables
	Local market
	Pooled
	 
	Social
	 
	Liberalized
	 

	Population growth        
	-0.0164***
	(0.0023)
	-0.0256***
	(0.0059)
	-0.0227***
	(0.0027)

	New construction         
	-0.00017***
	(0.00003)
	-0.00022***
	(0.00006)
	0.00001
	(0.00003)

	Tightness ratio own-occ  
	0.190***
	(0.0333)
	0.174*
	(0.0710)
	0.108*
	(0.0436)

	Rental value growth      
	-0.217***
	(0.0431)
	-0.360***
	(0.0836)
	-0.095
	(0.0545)

	Vacancy rate (15yrs)     
	0.0545***
	(0.0145)
	-0.0227
	(0.0256)
	0.0105
	(0.0196)

	Income growth            
	-0.0134**
	(0.0044)
	0.0025
	(0.0084)
	-0.0128*
	(0.0058)

	Affordability own-occ    
	0.00302**
	(0.0009)
	0.00889***
	(0.0018)
	-0.00103
	(0.0013)

	Avg GDP growth (10yrs)   
	0.122***
	(0.0168)
	0.0493
	(0.0361)
	0.0778***
	(0.0212)

	GDP per capita           
	-0.000002
	(0.000001)
	-0.000009**
	(0.000003)
	0.000004*
	(0.000002)

	House price growth <0    
	-0.0366
	(0.0733)
	-0.0444
	(0.1630)
	-0.0188
	(0.0852)

	House price growth 0-10  
	0.0776
	(0.0685)
	0.120
	(0.1590)
	0.0546
	(0.0779)

	House price growth >10   
	0
	(.)
	0
	(.)
	0
	(.)

	Perc liberal units       
	0.0352***
	(0.0029)
	0.0460***
	(0.0058)
	0.0207***
	(0.0038)

	Shortage 2040 perc       
	0.0661***
	(0.0083)
	0.0094
	(0.0158)
	0.0621***
	(0.0113)

	N
	34555
	 
	17847
	 
	16708
	

	Standard errors in parentheses
	
	
	
	
	
	

	* p<0.05  ** p<0.01  *** p<0.001
	
	
	
	
	
	




A low vacancy rate also relates to tightness. When a lot of houses are vacant, more moving opportunities are available. One could also follow the line of reasoning that a municipality with high vacancy rates is apparently unattractive to live in, so that even more people are moving out of that area. However, not many towns or cities with a declining population are present in this dataset, which makes this quite unlikely.
The tightness ratio functions as a measure of the difficulty to find an owner-occupied home in that specific housing market. An increasing ratio indicates a less tight market, and thus a positive coefficient in the model is not surprising. The affordability of owner-occupied dwellings shows the same pattern: well-affordable owner-occupied housing results in more mobility. 
What further stands out is that income growth, average GDP growth and GDP per capita pose different results. These variables are incorporated in the model to approach the ‘economic vibe’ in a municipality. Perhaps an area with a lot of economic development and activity could affect mobility patterns through attractivity of the region and job locations. However, this doesn’t really come forward in the results. 
House price growth of the past ten years is divided in three categories: below zero percent, between zero and 10%, and above 10%, with the last being the reference category. The underlying question here is whether tenants consider the economic housing market cycle when they want to move to the owner-occupied sector. It could be that households are not inclined to move when house prices are dropping because they fear a loss of capital. On the other hand, rapidly increasing prices might result in possible homes that become too expensive. Residing in their rental home could be more attractive then. The model however doesn’t confirm this hypothesis. 
The structure of the local housing market, which is illustrated by the percentage of liberalized rental dwellings and owner-occupied houses, can have mobility implications as well. Van der Vlist et al. (2002) and Deng et al. (2003) both argue that a larger proportion of social housing enhances mobility. However, the housing chain often doesn’t end in a social rental house for a certain household. Mostly, the chain goes from social rental to free rental to owner-occupied, or from rental to owner-occupied. This is why an owner-occupied home (due to being at the end of the chain) or a liberalized rental house (due to the high mobility rates of its inhabitants) could ‘’create’’ more mobility than a social dwelling. Because the focus is on renters in this paper, the percentage of liberalized rental units in the municipality has been chosen to describe the structure of the market. The positive and significant estimates in Table 5 are consistent with this thought. However, the coefficient in the social sector model doesn’t show significance. This could indicate that social tenants more often look for an owner-occupied home than for a liberalized rental dwelling when they want to move. Perhaps this is related to the large gap in rental costs between the two sectors that makes the free sector not so appealing for them. 
The last variable, the projected regional housing shortage in 2040, has a positive sign, which was hypothesized at the end of the introduction. A shortage in a region is represented by a negative value in the dataset. The higher the value, the higher the hazard ratio according to the estimates. Apparently, households tend to live in the same house for a shorter period of time when their region has a housing surplus. The lower amount of moving opportunities in a region due to a housing shortage seem to prevent households from moving. Local ties seem to be strong as well, since the possibility to move to a more relaxed market theoretically always exists.

6. Discussion
Our knowledge of how a local housing market affects residential mobility is quite limited. The goal of this paper is to analyze the ways in which the local housing market has an impact on the length of residency of households in the rental sector. Knowing more about varying mobility across different local markets could enhance the effectiveness of housing market policies and strategic investment decisions. In this study, time-to-event analysis is used to measure the impact of household-, house-, neighborhood- and local market characteristics on rent duration. The first three layers function as control variables, while the fourth layer (the local market) is the independent factor of interest. The latter was formulated in the research question as stated in the introduction: In which ways do local housing market features influence the duration of residence of Dutch tenants? The main finding is that households that live in tight local markets show less mobility. Tightness is not accurately measurable for each and every household because their preferences and limitations are unknown. However, since households often move over short distances (Clark, 1986), the tightness of a local market can influence their moving decisions and so their mobility. Tightness in this paper is approximated by incorporating different variables of local markets in the model. 
One important variable that resembles demand for housing is population growth. Deng et al. (2003) found that population growth leads to a longer length of stay in metropolitan areas. Strassman (1991) and Dieleman et al. (2000) however argued that it leads to increased mobility. The model in this paper confirms the results of Deng et al. (2003). Since the population density in The Netherlands is very high and open construction space is limited in most of its regions, further growth of the population is hard to facilitate by new construction. New construction by itself doesn’t seem to lead to more mobility as well, because if often occurs in the areas with the highest demand.
Other variables that are related to demand and supply of housing received less attention in earlier literature. Rental value growth and vacancy rates for example say something about the popularity of an area. As a measure of tightness, their relation to rent duration is pretty straightforward. Rental value will only grow when demand exceeds supply. The vacancy rate on the other hand will only increase when supply exceeds demand. It is therefore not surprising that the model results show that an increasing rental value leads to less mobility, while a high vacancy rate leads to more mobility.
An interesting contribution by this research is the inclusion of a possible switch from the rental sector to the owner-occupied sector. Households mostly choose the tenure that is most profitable to them. In general, an owner-occupied home will eventually be the most attractive. Owning a home is seen as an investment that can pay itself back after a period of time, while paid rent won’t yield any return. Besides, certain tax legislation in The Netherlands (tax-deductible mortgage rent) promotes owning a house. The transition from the rental- to the owner-occupied sector is therefore a very common one, and the local market can be of influence on the possibilities to do so. The results indeed suggest that a better availability and affordability of owner-occupied homes within a local market are related to an increased mobility of renters. However, the implication of affordability could be measured more accurately if the data had contained exact income levels of individual households. 
To highlight the differentiation in tightness on the housing market between different areas, an estimated future shortage or surplus of housing has been used as a variable as well. It appears that regions that suffer from a shortage exhibit less mobility. Every country has core- and peripheral areas that contain different housing markets and types of households. Core areas are the most popular to live in and often consist of the tightest local markets. Taking a current measure of shortage or surplus can be risky, because the housing market has a cyclical nature. For example, almost all regions in The Netherlands currently have to deal with a housing shortage. An estimated measure of housing shortage in the future can therefore be more efficient in highlighting structural differences between regions. This could improve the models of other researchers that study the housing market as well. 

7. Conclusions
It is well-known that the life cycle is the most important determinant of residential mobility. A small body of literature has given attention to the role of the local housing market in the mobility of households. This research extends previous findings by measuring the effect of the local housing market’s tightness on the length of stay of renters. The results of the survival model suggest that tenants in tight local markets exhibit longer rent durations, and thus a decreased mobility. This research shows that different local housing market characteristics make residential mobility vary. Policy makers can use the outcomes of this research when they have to adapt their policy measures to local circumstances. Housing shortages, obstruction of the fluidity of the housing market and long waiting lists for social housing are themes they generally deal with. This research could help in making a framework to address these issues. Furthermore, rent duration is an important variable for landlords and investors. Being able to predict a leasing term more accurately can provide them with valuable information regarding cash flows for example. 
The moving opportunities of households, which are mainly generated by their local housing market, appear to be limited in some way. This has to do with strong local ties that households have and the short distances over which they generally move. It could be interesting for further research to get more insights in when a household decides to move to a different local market. It is likely that the limitations of their current local market play a role in this decision.
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Appendix
1. The EDM data
As shortly explained in chapter 3, the EDM data are partially modelled. They have created a ‘’snapshot’’ of characteristics for nearly every household in the Netherlands (over 8 million). The characteristics of every household include for example information on the household itself (number of members, age, income), the house (construction year, price, floor space) and other (type of household, magazines they read, financial assets). One part of this data is publicly available, such as the construction year of the house. Another part they bought from other parties. The last part is modelled. The modelled data that is relevant to this specific research include the age of the head of the household, education level and the number of household members. 
EDM can’t send a questionnaire to every household in the country, which is why they use a sample of the nation’s population for their ‘’lifestyle research’’. This questionnaire forms the basis of the modelled data. They combine the results of this survey with other data they have, and use algorithms to determine age, number of members and education level for each of the 8 million households. Age and number of family members are for the majority 100% accurate and derived from population registers. For the other households, the EDM model determines these characteristics. The education level is fully derived from their model, and has approximately a 90% accuracy. EDM also possesses moving data, which allows them to update the database once a households moves to a different address. 
EDM is a market party. They sell their data to large firms that for instance use it to determine where households live that potentially want to buy their product. It also gives good insights in the social-economic composition of neighborhoods. 













2. Testing the Proportional Hazards Assumption

The proportional hazards assumption states that the ratio of the hazards for any two individuals is constant over time. The global test of this assumption in Stata states that the assumption is violated:
[image: ]
However, when the proportionality is assessed in a graphical way for some of the variables that were significant (and thus not proportional) in the global test, the violation of the assumption doesn’t seem to be so severe.

The survival and the analysis time curves should roughly move together in the same pattern, and should not intersect after being some time apart in order to not violate the proportional hazards assumption (George et al., 2014).
[image: ]
[image: ]

1.2 The Kaplan-Meier observed survival curve and the Cox predicted curve should move closely together in the same pattern. The closer the observed values are to the predicted, the less likely the proportional hazards assumption is violated (StataCorp, n.d.)
[image: ]
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3. Complete pooled model output

	_t
	Coef.
	Std. Err.
	z
	P>z

	
	
	
	
	

	age_below_30
	1.166176
	0.0554544
	21.03
	0

	age_30_39
	1.205518
	0.0566855
	21.27
	0

	age_40_54
	0.801942
	0.0550179
	14.58
	0

	age_55_64
	0.3889681
	0.0595942
	6.53
	0

	age_65_74
	0.1488636
	0.057696
	2.58
	0.01

	age_above_74
	0
	(omitted)
	
	

	highly_educated
	0.1181687
	0.0397133
	2.98
	0.003

	one_person_hh
	0.0138295
	0.1009462
	0.14
	0.891

	two_person_hh
	0.1452114
	0.0993275
	1.46
	0.144

	three_person_hh
	0.0609019
	0.1009997
	0.6
	0.547

	more_than_three_person_hh
	0
	(omitted)
	
	

	liberalized
	1.946789
	0.0437329
	44.52
	0

	apartment
	0.2929695
	0.0742016
	3.95
	0

	terraced
	-0.2750983
	0.0734042
	-3.75
	0

	other_dwelling_type
	0
	(omitted)
	
	

	rent
	0.0006527
	0.000077
	8.47
	0

	floor_space_below_60
	1.500449
	0.0812964
	18.46
	0

	floor_space_60_79
	1.057547
	0.0649482
	16.28
	0

	floor_space_80_99
	0.4878616
	0.0566904
	8.61
	0

	floor_space_100_119
	0.2923106
	0.0521995
	5.6
	0

	floor_space_above_119
	0
	(omitted)
	
	

	consyear_before_1940
	0.5401427
	0.0964308
	5.6
	0

	consyear_1940_1969
	0.3113132
	0.0580583
	5.36
	0

	consyear_1970_1999
	-0.2701508
	0.040605
	-6.65
	0

	consyear_after_1999
	0
	(omitted)
	
	

	elevator
	0.2465898
	0.0384931
	6.41
	0

	avg_house_price_neighborhood
	0.0032106
	0.0004557
	7.04
	0

	pop_density_neigh
	-0.0000663
	5.33E-06
	-12.45
	0

	non_urban
	0.4095857
	0.0860377
	4.76
	0

	weakly_urban
	0.3989779
	0.0633735
	6.3
	0

	urban
	0.2528834
	0.0514488
	4.92
	0

	strongly_urban
	0
	(omitted)
	
	

	livability_total
	-0.0117568
	0.0015063
	-7.8
	0

	walkscore_post
	0.0012064
	0.0010629
	1.13
	0.256

	hh_size_neigh
	-0.7694326
	0.0679806
	-11.32
	0

	perc_immig_neigh
	-1.07541
	0.2024775
	-5.31
	0

	age_65_neigh
	-2.731803
	0.2272311
	-12.02
	0

	high_income_neigh
	-0.6883169
	0.1546656
	-4.45
	0

	consyear_neigh
	0.0069617
	0.0010456
	6.66
	0

	populationgrowth_munic
	-0.0163528
	0.0023447
	-6.97
	0

	new_construction_munic
	-0.0001712
	0.0000258
	-6.62
	0

	tightness_ratio
	0.1900453
	0.0333326
	5.7
	0

	rentalvaluegrowth
	-0.2171232
	0.0430662
	-5.04
	0

	vacancyrate15yrs
	0.0545415
	0.0144686
	3.77
	0

	incomegrowth
	-0.0134181
	0.0043643
	-3.07
	0.002

	affordability_owneroccupied
	0.0030197
	0.0009481
	3.19
	0.001

	avgGDPgrowth10yrs
	0.1217709
	0.0168334
	7.23
	0

	GDPpercapita
	-2.02E-06
	1.42E-06
	-1.43
	0.154

	HPgrowth_below_0
	-0.0366116
	0.0733479
	-0.5
	0.618

	HPgrowth_0_10
	0.077615
	0.0684635
	1.13
	0.257

	HPgrowth_above_10
	0
	(omitted)
	
	

	librent_perc_munic
	0.035185
	0.0029142
	12.07
	0

	shortage2040perc
	0.066061
	0.0082598
	8
	0





4. Model diagnostics

4.1 Harrell’s C
[image: ]
Values of Harrell’s C range between 0 and 1. If the value is 0.5, the model is said to have no predictive power (the same goes for the value of 0 for Somers’ D). The value of 0.7855 says that the order of survival times for pairs of tenants is correctly identified in approximately 79% of the time. 

4.2 Linktest
The Linktest in Stata is used to check whether the independent variables are properly specified in the model. To verify this, _hatsq should be insignificant. However, it appears that _hatsq is significant in the model:
[image: ]

Cleves et al. (2008) suggest to look at each variable again when this happens. Only when the covariate ‘’Liberalized’’ is left out of the model, the linktest gives a very different result: 

[image: ]
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