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Abstract  

The main goal of this paper is to examine whether natural disasters and the damages they 

cause contribute to the international migration of Filipino workers. International migration has an 

important economic effect on the Philippines, which was ranked third in total remittances 

received (USD 15.3 billion) after India and China in 2015 (World Bank 2016; BSP 2016). The 

Philippines, being located in the Pacific Ring of Fire and along a typhoon belt, is frequented by 

natural disasters, which can cause damage to assets and properties, and can potentially displace 

the population. Extreme weather events have an adverse impact on household welfare, and 

migration is one of several risk-coping mechanisms households may utilise. 

We construct a longitudinal dataset from the Labour Force Survey (LFS 2005–15) at the 

provincial level and derive different provincial characteristics from seven other sources. Four 

measures of weather shocks—the frequency of tropical cyclones (by category); the annual 

frequency of the public storm warning signal (by province); the number of casualties due to a 

damaging cyclone; and the total amount of damage—are provided by the Philippine Atmospheric 

Geophysical and Astronomical Services Administration and the National Disaster Risk 

Reduction and Management Council. The results are robust across different econometric 

specifications (ordinary least squares, random effects, fixed effects, 2-stage least squares, 

instrumental variable fixed effects, and instrumental variable random effects), with caveats. First, 

although weather shocks adversely affect household income, the type and intensity of the tropical 

cyclone matter. Second, using tropical cyclones and casualties as indicators, weather shocks are 

good instruments for household income, which is negatively correlated with international 

migration. Third, almost all measures of weather shocks induce international migration, except 

the public storm warning signal, whose impact depends on the intensity of the cyclone. Further 

research might examine whether heterogeneity in the impacts of natural disasters exists across 

provinces (and to what degree), conditional on different provincial characteristics. 

Keywords: Migration, Natural Disaster, Panel Dataset, Instrumental Variables 

JEL classification: C33, C36, F22, O15, O18, Q54 
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1.  Introduction 

The Philippines, being located in the Pacific Ring of Fire and along a typhoon belt, frequently 

experiences natural disasters. On average, ten typhoons cross the Philippine Area of 

Responsibility annually (Philippine Atmospheric Geophysical and Astronomical Services 

Administration [PAGASA] 2014). The Philippines has also experienced a lasting dry season or 

El Niño since 1968 (PAGASA 2011).
1
  

Natural disasters have several adverse effects, one of which is damage to assets and 

properties. For example, according to PAGASA (2011), four of the five typhoons that incurred 

the most damage to properties in the Philippines happened in the 1990s and one in 2006 

(typhoon Milenyo). These five typhoons caused about PHP 46.8 billion or about USD 924 

million in total damage to property (infrastructure, agriculture and private property), 74 per cent 

of which was agricultural (PHP 34 billion or about US$ 683 million).
2
 

Destructive natural disasters not only cause physical damage but can also displace the 

population. In the literature, extreme weather events have an adverse impact on household 

welfare and households can choose to adopt different risk-coping mechanisms, one of which is 

migration (Bohra-Mishra et al. 2017; Mahajan and Yang 2017; Maurel and Tuccio 2016; Kubik 

and Maurel 2016; Tse 2012; Drabo and Mbaye 2011; Halliday 2004). Migration (temporary or 

permanent) remains an important survival strategy for people facing natural disasters (Smith 

2007). Three climate-change-related events often induce human migration: sea level rise, 

increased cyclone intensity, and drought events (Intergovernmental Panel on Climate Change 

[IPCC] 2007). 

                                                           
1
 There have been six drought-causing El Niño episodes since 1968 (1968–69, 1972–73, 1976–77, 1982–83, 1986–

87, 1990–95, and 1997–98). 
2
 Based on the 26 July 2017 exchange rate of USD 1 = PHP 50.62. 
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The international migration of Filipinos is an important phenomenon that has helped 

shape the modern culture and economy of the Philippines. It can be seen as a response to both 

‘push’ factors—an oil crisis, unemployment, natural disasters, low wages, and balance of 

payment problems in the Philippines—and increasing demand for workers in the oil-rich Gulf 

region and aging societies in Europe and North America. Temporary international migrant 

workers make an indispensable economic contribution to the economy of the Philippines, as 

many send remittances to family members who have not emigrated. In 2015 the Philippines 

ranked third, after India and China, for total remittances received (World Bank 2016). According 

to Bangko Sentral ng Pilipinas (BSP 2016), the inflow of remittances to the Philippines in the 

first half of 2016 amounted to approximately USD 15.3 billion—about 3 per cent more than the 

same period in 2015. 

The main goal of this paper is to examine whether natural disasters and the damages they 

cause contribute to the international migration of Filipino workers, controlling for different 

provincial characteristics, including the historical migration rate, income and institutions in 

place.  

This paper aims to contribute to the growing literature on international migration and 

natural disasters in the following ways. It is among the first studies, if not the very first, to 

analyse the relationship between natural disasters and international migration using longitudinal 

data from the Philippines. Also, its use of a panel dataset reveals a telling relationship, beyond 

what simple cross-sectional or time trend datasets can accomplish.  

It is important to analyse the international migration of Filipino workers given the 

phenomenon’s impact not just on the economy of the Philippines but also on those of destination 

countries. The International Organization for Migration (IOM 2013) reports that over the past 
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four decades, the number of Filipino migrant workers grew dramatically. In 2011, there were 

about 10.5 million Filipinos working in about 200 destination countries, placing the Philippines 

among the top exporters of human labour in the world. This increasing trend and the numbers 

involved imply that learning more about the ‘push’ factors of Filipino international migration can 

have a far-reaching impact.  

We constructed a longitudinal dataset from the Labour Force Survey (LFS) of 2005 to 

2015 at the provincial level to derive information on average household income and international 

migration. Different provincial characteristics from 2005 to 2015 are gathered from the Annual 

Poverty Indicator Survey (APIS); Census, Family Income and Expenditure Survey (FIES); 

National Demographic and Health Survey (NDHS); Philippine Statistical Yearbook (PSY); 

Philippine Standard Geographic Codes (PSGC); and Philippine Yearbook (PY) while four 

measures of weather shocks—the frequency of tropical cyclones (by category), the annual 

frequency of the public storm warning signal (PSWS) (by province), total casualties, and total 

amount of damage—are provided by the PAGASA and the National Disaster Risk Reduction and 

Management Council (NDRRMC).  

Using six econometric models, and addressing endogeneity and unobservable fixed 

effects (ordinary least squares [OLS], random effects [RE], fixed effects [FE], 2-stage least 

squares [2SLS], instrumental variable fixed effects [IVFE] and instrumental variable random 

effects [IVRE]), our results are robust, with caveats. First, although weather shocks adversely 

affect household income, the type and intensity of the tropical cyclone matter. Second, using 

tropical cyclones and casualties, weather shocks are good instruments for household income, 

which is negatively correlated with international migration. Third, using a reduced form, almost 

all measures of weather shocks induce international migration except PSWS, whose impact 
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depends on the intensity of the typhoon.  Further research might improve on the weaknesses of 

the paper. 

 

2.  Related literature 

 

This section briefly discusses the existing literature focusing on the relationship of migration, 

income and natural disasters. Halliday (2004) investigates how households in El Salvador 

responded to exogenous income and wealth shocks measured as harvest and livestock loss, and 

damage caused by earthquakes. In particular, he examines whether these shocks affected 

migration. He finds that losses associated with agricultural shocks had a positive effect on 

migration—since households anticipated that losses from shocks yield low returns, these shocks 

tended to push people out of El Salvador. Earthquakes, on the other hand, had a negative effect 

on migration—such that households that endured larger amounts of damage were less likely to 

migrate. Investigating further, he also shows that these exogenous events increased the flow of 

remittances from migrants living in the United States. His findings suggest that households used 

migration as insurance. 

Drabo and Mbaye (2011) analyse the relationship between migration and natural disasters 

caused by climate change using data from 88 countries from 1950 to 2010. Climate change was 

measured using meteorological, hydrological, and climatological disasters. Results from the 

paper show that there is a positive and significant relationship between natural disasters and 

migration. The effect, however, is not the same for different educational levels, since the authors 

find that natural disasters affect only the migration of people with a high level of education.  

Tse (2012) analyses the effect of three of the most common natural disasters in 

Indonesia—earthquakes, volcanic eruptions and floods—on the household-level decision to 
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migrate. The paper uses Indonesian household-level panel data to track whether members of a 

household migrate between two successive years. Two types of household migration are defined: 

(1) split-household migration and (2) whole-household migration. The author then merges the 

household dataset with the Indonesian DesInventar Database that contains detailed information 

on natural disasters that strike the country. The empirical strategy is as follows: the dependent 

variable is a dummy variable representing a household moving out between two periods; the 

policy variable is the annual average number of disasters happening within the province where 

the household resides. Household migration is also differentiated between split- and whole-

household migration samples. Contrary to the previous results, disasters have a negative effect 

on household movement, whether partial or involving all household members. Earthquakes tend 

to reduce split-household migration and floods reduce whole-household migration.  

Kubik and Maurel (2016) look into how rural households in Tanzania respond to 

weather-related shocks, particularly with respect to internal migration. The authors use a novel 

measure to represent weather conditions, called the standardized precipitation evapotranspiration 

index, along with temperature and precipitation shocks, to establish a relationship between these 

shocks and agricultural output. Shocks can induce households to send members away in order to 

cope with income losses. The weather data are matched with household-level data that include 

information on migration between two survey waves. The authors posit that the pathway through 

which weather affects migration decisions is through its impact on agricultural yields. Since 

income is derived from agricultural activities, a negative weather shock also creates an adverse 

effect on farmers (e.g., on their food security and income). As a means to diversify income 

sources, households may then send some members away. The empirical strategy consists of two 

steps—the first step focuses on the estimation of a crop production function. Crop output is 
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determined as a function of weather shocks in a village, a household’s number of labourers, land 

units, livestock units, and land slope. The first step is estimated via OLS with and without 

correction for standard errors. For the second step, the outcome variable is a binary variable 

representing a household’s migration decision between two periods and the agricultural crop 

output serves as an instrument for weather shocks. Baseline household characteristics and the 

cost of migration serve as control variables. The second step is estimated via the instrumental 

variable (IV) probit. The second step also takes into account different types of households, by 

dividing the sample by wealth and specialization. Indeed, weather shocks have a negative impact 

on crop production, which in turn translates into an increase in the probability of migration by 13 

percentage points on average in the following year. The decision whether or not to migrate tends 

to depend on household type. A weather-induced crop shock appears to be important only for 

households in the middle of the wealth distribution and whose incomes are highly dependent on 

agriculture.  

Maurel and Tuccio (2016) propose a conceptual framework for climate-induced 

migration. Urbanization, or an increase in urban population greater than that of the total 

population, is considered as a push factor for migration. Agricultural production depends on 

climate instability, and the relationship between agricultural wages and climate instability is 

negative. The pattern of migration suggests that individuals move from rural areas to urban areas 

where wages are higher. As more individuals enter cities, labour supply increases in urban areas 

and wages are pushed down. In search of better opportunities and wages abroad, individuals will 

therefore move even farther. The main result of Maurel’s and Tuccio’s model is that a decline in 

urban wages induces greater international migration. The authors also test the framework 

empirically using macroeconomic data from 226 countries available every decade from 1960 
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until 2000. Urbanization is a function of climatic variables, country fixed effects, and country 

control variables. Bilateral migration flows between countries are a function of push-and-pull 

predictors, such as urbanization, income differentials, and other control variables representing 

the relationship between the two countries. The second equation is a gravity equation, estimated 

via OLS, the Heckman two-step procedure, and 3-stage least squares (3SLS). The last method 

attempts to deal with potential endogeneity between urbanization and international migration. 

Climate instability measures are used to instrument for urbanization. Rainfall and temperature 

anomalies are used as proxy variables for climate instability. The results support the conceptual 

model’s findings, such that anomalies in temperature and rainfall boost urbanization, which 

induces bilateral migration flows. In developing countries, where rural households tend to be 

more vulnerable to climatic shocks, the likelihood of both urbanization and international 

migration due to climate shocks is greater compared to countries in richer regions.  

In the Philippines, Bohra-Mishra et al. (2017) investigate the effects of climatic variations 

and extreme weather conditions on aggregate interprovincial migration flows. Climate variables 

were generated from two sources: (1) annual average, maximum and minimum temperatures, and 

precipitation values, which were computed using province-level climate characteristics that 

represent conditions in areas important for crop production; and (2) deaths from typhoons. 

Census data in 2000 are used for migration data, wherein the response of individuals is compared 

between two periods (five years and ten years) to establish whether or not an individual 

migrated. Individual data are aggregated to estimate province migration rates by generating 

province-to-province migration flows. The impact of climate variations on migration is detected 

by estimating, using OLS, the relationship between migration (as the percentage of population 

from one province that migrated to another), and climate variables and province-level 
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characteristics. Their findings suggest that a 1 degree increase in temperature pushes up the 

emigration rate by 0.6 percentage points, while an increase in typhoon activity, represented by an 

increase in 1 per cent in normalized death rates from typhoons, increases it by 0.15 percentage 

points. Consistent with the previous studies, climate variables have a significant negative effect 

on rice yields.  

Mahajan and Yang (2017) examine the impact of hurricanes overseas on US 

immigration. The authors found that hurricanes experienced by the 159 countries (including the 

Philippines) included in the dataset increased the US migrant stock, and the impact was higher 

for countries with larger pre-existing stocks of US immigrants.  

In summary, the literature suggests both positive and negative effects of weather shocks 

(natural disaster or climate variability) on migration. The effects depend on the degree and 

intensity of the weather shocks, suggesting a non-linear relationship between these variables. We 

conjecture that the relationship can be depicted by an inverted U-shape: less destructive weather 

shocks induce migration while those that cause severe damages (like extreme flooding, 

earthquakes or tsunamis) drastically decrease household income through damaged properties and 

casualties, which then hinder migration. The effects of these weather shocks are also 

heterogeneous across the educational attainment of individuals and their sources of income. In 

particular, relatively educated individuals are the most likely to migrate after a negative weather 

shock, ceteris paribus, while people who depend on agriculture as their primary source of 

income, and who are most susceptible to the adverse effects of weather shocks, are more likely to 

migrate depending on their income level.  

We aim to contribute to the existing literature by examining whether natural disasters, 

through their adverse effect on income, push Filipinos to work abroad. We also try to address the 
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endogeneity of income and provincial fixed effects by constructing and analysing longitudinal 

data, and using econometric models such as the instrumental variables methods, fixed effects, 

and random effects to properly identify our parameters.  

3. Data and methodology  

This section is divided into four subsections. In the first, we discuss how we constructed the 

provincial longitudinal dataset for the years 2005–15. In the second to fourth subsections, we 

describe our dependent variables, weather shocks, or the main dependent variables, and the 

provincial characteristics used as control variables.  

 

3.1  Longitudinal dataset 

 

We construct a panel dataset from the Labor Force Survey (LFS) from 2005 to 2015 at the 

provincial level to derive average household income and the stock of international migration. We 

average household income at the provincial level and count the stock of migrants from each 

household, aggregated by province.  

We then merge this longitudinal dataset with weather shocks—measured by, again, the 

frequency of tropical cyclones (by category); the annual frequency of the public storm warning 

signal (PSWS) (by province); total casualties; and total amount of damage—provided by the 

Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA) and 

National Disaster Risk Reduction and Management Council (NDRRMC). 

To control for provincial characteristics that also affect the average provincial household 

income and the stock of international migrants originating from a province, we merge other 

datasets with our main LFS and weather shocks panel data. The first control variable is the 

provincial unemployment rate, which affects both the income level and decision to migrate, 
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which is derived from the LFS. The second set of variables (total numbers of schools and 

hospitals, and enrolment rates) which serves as a measure of infrastructure, are regional 

variables.
3
 We use them as proxies for the disaster readiness and disaster resiliency of a 

province, and they are derived from the Philippine Statistical Yearbook (PSY) and Philippine 

Yearbook (PY). The third set of variables (poverty incidence, and access to electricity and water) 

are measures of the income level of a province, which are derived from the Family Income and 

Expenditure Survey (FIES), National Demographic and Health Survey (NDHS), PSY, and PY. 

The fourth set pertains to location dummies (rural/urban classification, regional dummies, and 

major islands), which are derived from the Philippine Standard Geographic Codes (PSGC).
4
  

 

3.2  Dependent variables  

 

There are two dependent variables of interest—total migration and average household income at 

the provincial level. The total stock of international migrants originating from province p is 

derived from the LFS for the years 2005–15, which contains information about the number of 

household members aged 15 years old and over who are considered to be overseas Filipino 

workers (OFWs) in the following categories: (1) overseas contract workers (OCWs); (2) workers 

other than OCWs; and (3) employees in an embassy, consulate or other mission of the 

Philippines. The total number of migrants, on average, at the provincial level across the 11 years 

(2005––15) is around 181 (Table 1). The highest number of migrants was 2,145 (National 

Capital Region [NCR]) in 2009 and the minimum number of migrants was zero (Batanes) in 

2011.  

                                                           
3
 Data limitation prevents us from acquiring provincial variables for education and health infrastructure.  

4
 Some years have missing data and we address this by using the values from the survey year closest to that year.  
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Given that the LFS does not contain an explicitly defined income variable, the basic pay 

per day is used as a proxy for income. Respondents were asked how much their basic pay per 

day for their primary occupation (in cash) was. We aggregate this basic pay at the provincial 

level per year, then average it per province, and adjust for inflation using the Consumer Price 

Index (CPI) 2010 as the base. It can be gleaned from Table 1 that the average annual income 

(inflation adjusted) was about PHP 127,000 or about PHP 10,500 a month (PHP 350/day; PHP 

44/hour). The minimum annual income was recorded in 2008 at about PHP 33,600 (Negros 

Oriental) and the maximum was about PHP 2.5 million in 2005 (Tawi-Tawi). 

3.3  Weather shock variables   

Three sets of natural disaster shock variables at the provincial level, from 2005 to 2015, obtained 

from the NDRRMC, are considered in this paper: (1) frequency of tropical cyclones by type and 

intensity; (2) total cost of damages caused by tropical cyclones per year per province; and (3) 

total casualties caused by tropical cyclones per year per province, and summation of dead, 

injured or missing persons. Tropical cyclones are categorized, based on intensity, as a: (1) 

tropical depression (TD) with sustained surface winds of 61 kilometres per hour (kph) or less; (2) 

tropical storm (TS) with sustained winds of 62 to 88 kph; (3) severe tropical storm (STS) with 

winds of 89 to 117 kph; (4) typhoon with winds of 118 to 220 kph; and (5) super typhoon with 

winds of more than 220 kph (Table 2).  

 In addition, the annual frequency of the public storm warning signal (PSWS) raised by 

the PAGASA for the years 2005–15, at the provincial level, was also used. There are five 

possible PSWSs that can be raised by the PAGASA before a tropical cyclone lands: (1) PSWS 

#1 raised for a tropical cyclone with winds 30 to 60 kph expected to land within the next 36 

hours; (2) PSWS #2 for a tropical cyclone with winds 61 to 120 kph expected within the next 24 
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hours; (3) PSWS #3 for a tropical cyclone with winds of 121 to 170 kph expected within the next 

18 hours; (4) PSWS #4 for a tropical cyclone with winds of 171 to 220 kph expected within the 

next 12 hours; and (5) PSWS #5 for a tropical cyclone with winds of more than 220 kph 

expected within the next 12 hours.  

Table 2 presents the descriptive statistics for weather shock variables. The frequency of 

tropical depressions and super tropical storms ranges from only 0 to 2 at the provincial level, on 

average over the span of 11 years from 2005 to 2015, while tropical storms and typhoons hit a 

province, at the maximum, five times over the same time period. There was no super typhoon 

classified by the NDRRMC at the provincial level from 2005 to 2015.  

The average annual casualties attributed to tropical cyclones were 66 at the provincial 

level. The maximum number of casualties was 22,005 people, during and after Typhoon Yolanda 

in 2013. The annual cost of damages due to tropical cyclones, adjusted using the CPI 2010 as 

base, amounted to about PHP 316 million, on average, over the 11-year period (2005–15). The 

maximum annual cost damages amounted to about PHP 52 billion.  

 On average, the raising of weather storm signal #1 at the provincial level was the most 

frequent; at least one PSWS #1 was raised in a province per year. All the other storm signals 

(PSWS #2 to #4) were raised less than one time, on average, per province for the same period 

while the PAGASA did not raise the PSWS #5 at all. 

 

3.4  Provincial characteristics as control variables  

 

There are five major sets of control variables used in this paper to capture other factors that 

impact the provincial migration rate: (1) unemployment rate; (2) number of schools and 

hospitals, and net participation rate in public and private primary and secondary schools as 
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measures of infrastructure; (3) poverty level, and percentage of households with access to water 

and electricity as measures of income level of the province; (4) historical migration rate in 2003; 

and (5) indicators for location such as urban and rural classification, regional dummies, and 

major islands dummies. The descriptive statistics of these control variables can be gleaned from 

Table 2.  

The unemployment rate from the LFS, defined as the number of individuals within a 

province that are unemployed divided by the number of both employed and unemployed persons 

(or the labour force) within a province, was used as one of the control variables for the years 

2005–15. Table 2 shows that the provincial mean unemployment rate is 5.3 per cent, which is 

somewhat close to the prevailing national unemployment rate (Philippine Statistical Authority 

[PSA] 2017). 

The number of schools and hospitals (both public and private) at the regional level is 

used as a proxy for infrastructure. This variable is derived from the Philippine Yearbook (PY) for 

the years 2005–10 and the Philippine Statistical Yearbook (PSY) for the years 2011–15. There 

are more public elementary schools (2,405) than secondary elementary schools (443) at the 

regional level across years. There are more private hospitals (58) than public hospitals (39). The 

net participation rate in public and private elementary and secondary schools is derived from the 

PY 2011 for the years 2005—09 and PSY 2015 for the years 2013–15. The net participation rate 

in public and private primary schools is higher than the net participation rate in public and 

secondary elementary schools—on average, the proportion of enrolees 7–12 or 6–11 years old to 

the population of the same age is 89 per cent at the regional level across years, while that for 

enrolees 13–16 years old is 60 per cent. 
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The poverty incidence at the provincial level is taken from the FIES estimates for the 

survey years 2003, 2006, 2009, 2012 and 2015. The provincial mean poverty incidence is around 

34 per cent from 2005 to 2015 (Table 2). Access to utility services such as water and electricity 

is also controlled for in the regressions. The regional variable for access to electricity is derived 

from PY 2011 and PSY 2015. The percentage of households with access to an improved water 

source is taken from NDHS for the years 2003, 2008 and 2013. An improved water source is 

defined by the NDHS as a pipe connection on household premises, public tap/standpipe, 

protected dug well, tube well or borehole, semi-protected dug well, protected spring, rain, or 

bottle. On average, about 74 per cent of households have access to electricity in a region across 

the same time period. On the other hand, almost 90 per cent of households have access to an 

improved water source (Table 2).  

The historical migration rate in 2003, derived from the LFS, is controlled for to account 

for the possible effect of networking on migration in the years that followed.
5
 Table 2 suggests 

that the average migration rate was about 1 per cent of the provincial population.  

 We classify each province as rural or urban depending on the Census for the years 2000, 

2007, and 2010. Variables for the 17 regions and the three main island groups (Luzon, Visayas, 

and Mindanao) are also included.
6
 The mean percentage of population living in an urban area 

                                                           
5
 The migrant’s network refers to family and friends who have already migrated to the migrant’s 

destination area and who make it easier for the migrant to adjust and in some cases provide financial 

assistance. 

   
6
 The 17 geographical regions are Ilocos, the Cordillera Administrative Region (CAR), Cagayan, Central 

Luzon, CALABARZON, MIMAROPA, Bicol, Western Visayas, Eastern Visayas, Central Visayas, 

Zamboanga Peninsula, Northern Mindanao, Davao, SOCCKSARGEN, the National Capital Region 

(NCR), the Autonomous Region in Muslim Mindanao (ARMM), and Caraga. The PSGC Codes Legend 

Spreadsheet contains the PSGC followed for the analysis. To ensure matching of the LFS using the 

PSGC provincial codes across time (2005–15), we assumed regional demarcations (17) prior to the 

formation of the Negros Island Region. As per the PSGC Summary of Changes (March 2017) 

spreadsheet of PSA, it was only in 2015 that a province was transferred to another region.  
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within a province remained low on average, at about 28 per cent (Table 2). Central Luzon or 

Region 3 has the most observations on average (at 0.09 per cent), while among the main island 

groups, Luzon has the most (at 47.6 per cent).  

4.  Empirical model 

The main goal of this research is to examine the impact of weather shocks on the international 

migration of workers, analysed at the provincial level, depicted in equation (1) below: 

 

LMigrationpt =d0 j +d1 jWeatherjpt +d2 j Provcharpt +lp +e jpt    (1)
 

 

where p=1,2,…,79 is the index for the province; t = 2005, 2006,…,2015 is the index for 

year; LMigrationpt represents the annual number of migrants originating from province p in log 

form; Weatherjpt is the jth weather shock, which can be measured by the annual frequency of 

tropical cyclones (by category), casualties due to tropical cyclones, annual total cost of damages 

due to tropical cyclones, or annual frequency of the public storm warning signal (PSWS); 

Provcharpt is the provincial or regional characteristics that vary over time; p is the province’s 

fixed effect; and jpt is the error term that varies across provinces and over time. Year dummies 

are also included in all models. 

Most studies cited above suggest that the impact of a damaging natural disaster induces 

migration, which, in effect, functions as a risk-coping mechanism such that the risks experienced 

by household members are distributed across different locations. Therefore, the null hypothesis 

that we want to reject is that weather shocks do not affect the decisions of the households to 

migrate or the stock of international migrants, analysed at the provincial level (1j=0). We predict 
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that the more damaging a natural disaster is, the more Filipinos are induced to work elsewhere 

(1j>0).  

The treatment of p, which represents the unobserved time-invariant provincial 

characteristics (fixed effects), determines the econometric strategy to be used to test equation (1). 

If these provincial fixed effects are uncorrelated with each independent variable, including 

Weatherjpt, then the random effects (RE) model is used; otherwise, the fixed effects (FE) model 

is the appropriate estimation model. For example, the cultural norms and even preferences of the 

populace can be related to how they respond to a natural disaster—their resilience and risk-

mitigating strategies can affect the number of casualties and even the cost of damages, which we 

measure as weather variables, in which case, the FE model is more appropriate. We use 

Hausman’s specification test to examine formally which of these two models should be 

considered. The ordinary least squares (OLS) estimation method is also used for the robustness 

test.  

We also consider the possibility that weather shocks affect migration through household 

income first, which we aggregate at the provincial level. Therefore, we first regress average 

provincial household income on weather shocks for the first stage (equation 2) and this income is 

regressed on international migration for the second stage (equation 3). 

 

Ypt = b0 j +b1 jWeatherjpt +b2 j Provcharpt +lp +ujpt      (2) 

LMigrationpt =g0 +g1Ypt +g2 Provcharpt +lp +hpt          (3) 

 

where Ypt is the measure of average household income per province and the rest of the 

variables follow the definition discussed for equation (1) above. Equations (2) and (3) are 



Page 17 of 50 

estimated using 2-stage least squares (2SLS), instrumental variable fixed effects (IVFE) and 

instrumental variable random effects (IVRE) after instrumenting for average household income 

using weather shocks. We test whether weather shocks have any effect on the average household 

income per province (2 =0) and whether income affects the stock of migrant workers originating 

from province p (1 =0). We predict that weather shocks adversely affect household income (2 

<0), which then induces the international migration of Filipinos (1 <0). In other words, as a 

tropical cyclone becomes more intense and more damaging, average household income 

decreases, and the stock of international migrant workers increases.  

5. Results  

Tables 3 and 4 present the results of the simple linear regression (SLR) after estimating 

equations (1) and (2) and regressing migration and income on the four weather shocks, 

respectively. We focus our discussion on Tables 5 and 6 where we can glean the results of 

multiple linear regressions (MLRs) after estimating equations (1) and (2) using the ordinary least 

squares (OLS), fixed effects (FE) and random effects (RE) methods.  

Table 5 presents the results of testing equation (1), which examines the individual impact 

of the four measures of weather shocks on international migration (in logarithmic form), 

analysed at the provincial level over the 11-year period (2005–15) after controlling for provincial 

characteristics and time-invariant unobserved provincial characteristics. The results are robust 

across three different econometric specifications (OLS, FE, and RE). Hausman’s specification 

tests, presented in Table 8, consistently favour fixed effects over random effects across the 

different weather shocks used, indicating that the unobserved time-invariant fixed effects are 

correlated with the independent variables.  
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For the first measure of weather shocks, we find that it is the most intense tropical 

cyclone that has the statistically significant positive coefficient, suggesting that as the annual 

frequency of typhoons increases by 1 more, international migration increases by 3 per cent after 

controlling for the provincial unemployment rate, infrastructure, provincial income, historical 

migration rate and location dummies (Table 5, column 2). The log of inflation-adjusted annual 

total cost of damages also positively affects the log of international migration, though the effect 

is small. As the total cost increases by 1 per cent, international migration increases by about 

0.003 per cent (column 5). Casualties also positively impact international migration: as total 

casualties increase by 1 per cent, international migration increases by 0.02 per cent (column 8). 

The frequency of the public storm warning system (PSWS) also induces international migration; 

however, only PSWS #1 and PSWS #3 are statistically significant: as PSWS #1 increases by one 

more, migration increases by 2.5 per cent and as PSWS #3 increases by one more, migration 

increases by 3.6 per cent (column 11). 

We consider the possibility that weather shocks affect international migration only 

through household income and thus, we test equations (2) and (3). Table 6 shows the results of 

estimating equation (2), which is the first-stage regression where average household income is 

regressed against weather shocks, using the OLS, FE and RE models. While the results are 

robust across these different econometric specifications, we focus on RE models after the results 

of Hausman’s specification tests. For a tropical cyclone, we assume that the more damaging it is, 

the more adverse the impact on household income. For example, since a typhoon (T), which has 

a wind speed of 118 to 220 kph, is more intense than a severe tropical storm (STS), which has a 

wind speed of 89 to 117 kph, we expect that if the latter type has a negative effect on income 

then the coefficient of typhoon should also be negative but with a larger magnitude. However, 
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the results show that while both a tropical storm and typhoon have the expected adverse effect on 

household income, a tropical depression and super tropical storm actually positively affect 

income.  

The other two weather shocks used (casualties and PSWS) negatively affect average 

income. In particular, as annual casualties increase by 1 per cent, the annual pay decreases by 

about 0.1 per cent. All PSWS have the expected adverse effect on annual pay and the effect 

seems to increase as the intensity of the typhoon signal increases.  

The second-stage regression results are displayed in Tables 7.1, 7.2, and 7.3 for three 

different specifications—2-stage least squares (2SLS), instrumental variable fixed effects (IVFE) 

and instrumental variable random effects (IVRE), respectively. Table 7.1 shows that, using the 

frequency of tropical cyclones as weather shocks, household income, as expected, is inversely 

correlated with migration. As annual pay decreases by 1 per cent (due to tropical cyclones), 

migration increases by 0.4 per cent. Using casualties as a weather shock results in household 

income negatively affecting international migration as well, and with a larger effect. As average 

annual household income decreases by 1 per cent, migration increases by about 2 per cent. 

Table 7.2 displays the results of estimating equations (2) and (3) using two-stage fixed 

effects, after using weather shocks as instrumental variables for household income. Consistent 

with the results in Table 7.1 using 2SLS, household income is inversely correlated with 

international migration after using IVFE. In particular, as household income decreases by 1 per 

cent, the following changes in international migration are observed depending on the instruments 

(weather shocks) used: (1) international migration increases by 0.13 per cent if the frequency of 

tropical cyclones is used as the weather shock; (2) it increases by 0.2 per cent if casualties are 

used; and (3) it increases by 0.15 per cent if the frequency of the PSWS is used.  



Page 20 of 50 

Table 7.3 displays the results of estimating equations (2) and (3) using IVRE, which are 

consistent with the findings presented in Table 7.2, where IVFE was used instead.  

6.  Conclusion 

This research aims to contribute to the growing literature on international migration and natural 

disasters by using a longitudinal dataset from the Philippines. The Philippines is a very 

interesting country to analyse for two main reasons. First, being located in the Pacific Ring of 

Fire and along a typhoon belt, it is frequented by natural disasters with very damaging effects. 

Second, international migration is a big contributor to the economy: remittances constituted 

about 10 per cent of the Philippines’ gross domestic product (GDP) in 2013 (World Bank 2015). 

The International Organization for Migration (IOM 2013) also reported that the Philippines was 

among the top exporters of labour that year. We examine whether natural disasters are one of the 

‘push’ factors of Filipino international migration.  

We construct a longitudinal dataset using the Labor Force Survey (LFS) of 2005 to 2015 

to derive average household income and international migration rates at the provincial level. 

Different provincial characteristics from 2005 to 2015 are gathered from different datasets—the 

Annual Poverty Indicator Survey (APIS); Census, Family Income and Expenditure Survey 

(FIES); National Demographic and Health Survey (NDHS); Philippine Standard Geographic 

Codes (PSGC); Philippine Yearbook (PY); Philippine Statistical Yearbook (PSY); and Survey of 

Overseas Filipino Workers (SOF). Data on weather shocks are provided by the Philippine 

Atmospheric Geophysical and Astronomical Services Administration (PAGASA) and National 

Disaster Risk Reduction and Management Council (NDRRMC).  

Using six econometric models, and addressing endogeneity and unobservable fixed 

effects (OLS, RE, FE, 2SLS, IVFE, IVRE), our results suggest that our four measures of weather 
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shocks—that is, the frequency of tropical cyclones (by category), the public storm warning 

signal (PSWS), casualties, and total amount of damages—have robust adverse effects on 

provincial average household income and consistently induce international migration, with 

caveats. First, the effect of tropical cyclones as weather shocks on household income seems to be 

non-linear, with varying impact depending on their intensity and type. Second, tropical cyclones 

and casualties serve as good instruments for household income, which adversely affects 

international migration. Third, after regressing international migration directly on weather 

shocks, a robust statistically positive correlation exists except for the PSWS, whose effect on 

international migration depends on the intensity of the tropical cyclone.  

In further research, we aim to examine whether heterogeneity in the impact of natural 

disasters exists across provinces (and to what degree), conditional on different provincial 

characteristics, including the historical migration rate, income and institutions in place. For 

example, we want to explore the possibility that high-income provinces have better disaster-

resiliency programs in place and therefore experience less damage than do low-income 

provinces. In addition, provinces that rely on agriculture for income will be affected differently 

than provinces that rely on other industries, less susceptible to weather shocks.  

We also aim to examine household behaviour and create a household panel dataset 

instead of a provincial longitudinal dataset when data are available. This endeavour should reveal 

a more nuanced understanding of the relationship between a household’s income level and the 

decision of household members to migrate, and thus distribute risks across different locations. 

We also intend to consider other functional forms that better represent the relationship of natural 

disasters, income and international migration.  
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Table 1 Descriptive statistics of dependent variables         

Variable Variable definition N 
Mean Min

1 

Source
 

(Std. Dev.) (Max) 

Total number of 

migrants 

All household members aged 15 years old and over are asked 

whether or not they are an overseas Filipino worker falling 

under the categories: (1) OCW; (2) workers other than OCW; 

(3) employees in the Philippines embassy, consulates, and 

other missions; (4) students abroad/tourists; (5) others. 

Migrants are considered as those falling under (1), (2), and (3).  

879 181.41 

(259.02) 

0 

(2,145) 

LFS (2005–15) 

  

Inflation-adjusted 

average annual pay 

Average annual household income per province adjusted using 

CPI 2010 as base. 

879 126,963.3  

(243,864.5) 

33,620.34  

(2,545,950) 

LFS (2005–15) 

    

Notes: 
1
For the total number of migrants, minimum of 0 corresponds to Batanes (2011) and maximum of 2,145 is NCR (2009). For the inflation-adjusted average 

annual pay, minimum corresponds to Negros Oriental (2008) and maximum to Tawi-tawi (2005).
 
CPI = consumer price index; LFS = Labor Force Survey; 

OCW = overseas contract worker. 
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Table 2 Descriptive statistics of independent variables 

Variable Variable definition N 
Mean Min 

Source 
(Std. Dev.) (Max) 

Natural disasters/shock variables          

Total annual number of tropical cyclones by classification at the provincial level        

     Tropical depression Annual frequency of a tropical cyclone with 

sustained surface winds of 61 kph or less 

879 0.143 0 NDRRMC (2005–15) 

(0.382) (2) 

     Tropical storm Annual frequency of a tropical cyclone with 

sustained surface winds of 62 to 88 kph 

879 0.543 0 NDRRMC (2005–15) 

(0.809) (5) 

     Severe tropical storm Annual frequency of a tropical cyclone with 

sustained surface winds of 89 to 117 kph 

879 0.085 0 NDRRMC (2005–15) 

(0.345) (2) 

     Typhoon Annual frequency of a tropical cyclone with 

sustained surface winds of 118 to 220 kph 

879 1.063 0 NDRRMC (2005–15) 

(1.132) (5) 

     Super typhoon Annual frequency of a tropical cyclone with 

sustained surface winds of more than 220 

kph 

879 0 0 NDRRMC (2005–15) 

(0) (0) 

Annual total casualties 

(dead/missing/injured) attributable 

to tropical cyclones 

Total annual number of casualties (counts of 

people dead, missing and injured) in the 

specified province due to tropical cyclones  

879 66.020 0 NDRRMC (2005–15) 

(821.98) (22,005) 

Inflation-adjusted annual total cost of 

damages (in millions) 

Total annual cost of damages (agriculture, 

infrastructure and private property) due to 

tropical cyclone, adjusted using CPI 2010 

as base. 

879 316.70 0 NDRRMC (2005–15) 

(2,032.87) (52,030.74) 

Note: CPI = consumer price index; kph = kilometres per hour; NDRRMC = National Disaster Risk Reduction and Management Council. 
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Table 2 Descriptive statistics of independent variables (continuation) 

Variable Variable definition N 
Mean Min 

Source
1 

(Std. Dev.) (Max) 

Annual frequency that public storm warning signal (PSWS) was raised in a province      

     PSWS #1 Annual frequency of a PSWS #1 for a 

tropical cyclone with winds of 30 to 60 

kph expected within the next 36 hours 

879 1.255 0 PAGASA (2005–15) 

(1.364) (8) 

     PSWS #2 Annual frequency of a PSWS #2 for a 

tropical cyclone with winds of 61 to 120 

kph expected within the next 24 hours 

879 0.675 0 PAGASA (2005–15) 

(1.016) (7) 

     PSWS #3 Annual frequency of a PSWS #3 for a 

tropical cyclone winds of 121 to 170 kph 

expected within the next 18 hours 

879 0.429 0 PAGASA (2005–15) 

(0.740) (4) 

     PSWS #4 Annual frequency of a PSWS #4 for a 

tropical cyclone with winds of 171 to 

220 kph expected within the next 12 

hours 

879 0.047 0 PAGASA (2005–15) 

(250) (3) 

     PSWS #5 Annual frequency of a PSWS #5 for a 

tropical cyclone with winds of more than 

220 kph expected within the next 12 

hours 

879 0 0 PAGASA (2005–15) 

(0) (0) 

Notes: kph = kilometres per hour; PAGASA = Philippine Atmospheric, Geophysical and Astronomical Service Administration.  
1
Data from PAGASA manually encoded from annual tropical cyclone reports—the language of the report poses some level of ambiguity with respect to 

where some PSWS affected which province (Example: PSWS #1 was raised in Northern Mindanao—hence counted all provinces in Northern Mindanao, 

and so on). 
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Table 2 Descriptive statistics of independent variables (continuation) 

Variable Variable definition N 
Mean Min 

Source 
(Std. Dev.) (Max) 

Control variables           

Unemployment rate Unemployed/labour force within province 879 0.053 0 LFS (2005–15) 

(0.028) (0.173) 

Infrastructure          
Total number of elementary public 

schools  

Total number of public elementary 

schools within region 

874 2,405.63 511 PY (2005–09), 

DedEd (2010–15) (712.298) (3,644) 

Total number of secondary public 

schools 

Total number of public secondary schools 

within region 

870 443.80 206 PY (2005–09), 

DedEd (2010–15) (146.594) (818) 

Total number of public hospitals Total number of public hospitals within 

region 

879 39.222 9 PSY (2015) 

(15.830) (70) 

Total number of private hospitals Total number of private hospitals within 

region 

879 57.949 5 PSY (2015) 

(46.082) (192) 

Net participation rate in public and 

private elementary schools 

Net participation rate is defined as the 

proportion of the number of enrollees 7–

12/6–11 years old to population 7–12/6–

11 years old 

879 89.193 69.64 PY (2011), 

PSY (2015, 2016) (7.667) (103.25) 

Net participation rate in public and 

private secondary schools 

Net participation rate is defined as the 

proportion of the number of enrollees 

13–16 years old to the population 13–16 

years old. 

879 59.693 29.76 PY (2011), 

PSY (2015, 2016) (9.935) (80.79) 

Notes: DepEd = Department of Education; LFS = Labor Force Survey; PSY = Philippine Statistical Yearbook; PY = Philippine Yearbook.  
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Table 2 Descriptive statistics of independent variables (continuation) 

Variable Variable definition N 
Mean Min 

Source 
(Std. Dev.) (Max) 

Measures of income           

 Poverty incidence  Proportion of families/individuals 

with per capita income or 

expenditure less than the per capita 

poverty threshold to the total 

number 

879 34.381 0 FIES (2005–15) 

(17.167) (74) 

 Percentage of households with access 

to electricity  

Percentage of region with 

connections (potential/actual) 

879 74.38 22 PY (2005–13), ‘Status of 

Energization’, PSY 

(2015, 2016) 

(17.364) (100) 

 Percentage of households with access 

to improved water source 

Percentage of households within 

province with access to improved 

water source (based on the 

definition of NDHS) 

873 89.537 21.2 NDHS (2003, 2008, 

2013) (12.478) (100) 

Historical migration (2003)  (Migration per province/ N per 

province)*100 

868 1.087 0.19 LFS (2003) 

(0.671) (3.03) 

Rural/urban classification  Percentage of population living in 

an urban area within province 

877 28.081 0.7 PSA—‘Level of 

Urbanization per 

province’, CPH 

(21.609) (100) 

Regional dummies (Omitted variable—Region 10 Northern Mindanao)  

Region 1 - Ilocos Region   879 0.05   PSA, PSGC 

(0.22)   

Cordillera Administrative Region   879 0.08   PSA, PSGC 

(0.26)   

Region 2 - Cagayan Valley  879 0.06  PSA, PSGC 

 (0.24)  

National Capital Region  879 0.01  PSA, PSGC 

 (0.11)  
Notes: CPH = Census of Population and Housing; FIES = Family and Income Expenditure Survey; LFS = Labor Force Survey; NDHS = National Demographic and Health 

Survey; PSA = Philippine Statistics Authority; PSGC = Philippine Statistics Geographic Classification; PY = Philippine Yearbook; SOF = Survey on Filipinos.  
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Variable N 
Min 

Source 
(Max) 

Region 3 - Central Luzon 879 0.09 PSA, PSGC 

(0.28) 

Region 4A - CALABARZON 879 0.06 PSA, PSGC 

(0.24) 

Region 4A - MIMAROPA 879 0.06 PSA, PSGC 

(0.24) 

Region 5 - Bicol Region 879 0.08 PSA, PSGC 

(0.26) 

Region 6 - Western Visayas 879 0.08 PSA, PSGC 

(0.26) 

Region 7 - Central Visayas 879 0.05 PSA, PSGC 

(0.22) 

Region 8 - Eastern Visayas 879 0.07 PSA, PSGC 

(0.26) 

Region 9 - Zamboanga Peninsula 879 0.04 PSA, PSGC 

(0.19) 

Region 10 - Northern Mindanao 879 0.06 PSA, PSGC 

(0.24) 

Region 11 - Davao Region 879 0.05 PSA, PSGC 

(0.22) 

Region 12 - SOCSKSARGEN  879 0.05 PSA, PSGC 

(0.22) 

Region 13 - Caraga 879 0.05 PSA, PSGC 

(0.22) 

Autonomous Region in Muslim Mindanao 879 0.06 PSA, PSGC 

(0.24) 

Major islands (Omitted variable— – Luzon)     
Luzon 879 0.48 PSA, PSGC 

(0.50) 

Visayas 879 0.20 PSA, PSGC 

(0.40) 

Mindanao 879 0.33 PSA, PSGC 

(0.47) 

Notes: PSA = Philippine Statistics Authority; PSGC = Philippine Statistics Geographic Classification.
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Table 3 The impact of weather shocks on log (migration), SLR (OLS, FE, RE)  

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

Total annual number of tropical cyclones by classification at the provincial level  

Frequency of tropical depression 0.138 0.0264 0.0273                   

(0.0891) (0.0266) (0.0265)                   

Frequency of tropical storm 0.182*** 0.00852 0.0105                   

(0.0453) (0.0103) (0.0104)                   

Frequency of super tropical storm 0.158 0.0713*** 0.0724***                   

(0.118) (0.0209) (0.0210)                   

Frequency of typhoon 0.210*** 0.0584*** 0.0604***                   

(0.0382) (0.0101) (0.0103)                   

Log annual total casualties associated with tropical 

cyclones 

            0.150*** 0.0262*** 0.0274***       

            (0.0267) (0.00544) (0.00555)       

Log inflation-adjusted annual total cost associated 

with tropical cyclones 

      0.0175*** 0.00876*** 0.00883***             

      (0.00409) (0.00108) (0.00109)             

Annual frequency of the public storm warning signal (PSWS) in a province 

Frequency of PSWS #1                   0.0944*** -0.0179** -0.0169** 

                  (0.0319) (0.00797) (0.00794) 

Frequency of PSWS #2                   -0.0391 0.00215 0.00190 

                  (0.0460) (0.00968) (0.00988) 

Frequency of PSWS #3                   -0.0545 -0.00127 -0.00159 

                  (0.0638) (0.0128) (0.0128) 

Frequency of PSWS #4                   -0.225 -0.0130 -0.0149 

                  (0.179) (0.0395) (0.0393) 

Constant 4.226*** 4.504*** 4.502*** 4.422*** 4.501*** 4.501*** 4.405*** 4.550*** 4.549*** 4.523*** 4.603*** 4.603*** 

(0.0522) (0.0116) (0.119) (0.0502) (0.00983) (0.121) (0.0466) (0.00636) (0.122) (0.0496) (0.0112) (0.125) 

Observations 879 879 879 879 879 879 879 879 879 879 879 879 

R-squared 0.080 0.049   0.020 0.056   0.043 0.016   0.012 0.005   

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Robust standard errors in parentheses. 

FE = fixed effects; OLS = ordinary least squares; RE = random effects; SLR = simple linear regression.
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Table 4 The impact of weather shocks on log (Inflation-adjusted average annual pay), SLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

Total annual number of tropical cyclones by classification at the provincial level  

Frequency of tropical depression 0.272*** 0.360*** 0.272***                   

(0.0881) (0.0821) (0.0817)                   

Frequency of tropical storm -0.0567** -0.130*** -0.0567**                   

(0.0230) (0.0238) (0.0225)                   

Frequency of super tropical storm -0.0183 -0.0831*** -0.0183                   

(0.0250) (0.0254) (0.0206)                   

Frequency of typhoon -0.142*** -0.246*** -0.142***                   

(0.0206) (0.0132) (0.0123)                   

Log annual total casualties associated 

with tropical cyclones 

            -0.0693*** -0.0910*** -0.0693***       

            (0.0120) (0.0115) (0.00946)       

Log inflation-adjusted annual total 

cost associated with tropical 

cyclones 

      -0.00455* -0.00820*** -0.00455*             

      (0.00270) (0.00287) (0.00239)             

Annual frequency of the public storm warning signal (PSWS) in a province  

Frequency of PSWS #1                   0.00745 -0.0148 0.00745 

                  (0.0213) (0.0194) (0.0193) 

Frequency of PSWS #2                   -0.00862 -0.0652*** -0.00862 

                  (0.0214) (0.0189) (0.0196) 

Frequency of PSWS #3                   -0.0526* -0.124*** -0.0526 

                  (0.0296) (0.0332) (0.0325) 

Frequency of PSWS #4                   -0.175*** -0.196*** -0.175*** 

                  (0.0459) (0.0440) (0.0379) 

Constant 11.35*** 11.49*** 11.35*** 11.24*** 11.28*** 11.24*** 11.28*** 11.31*** 11.28*** 11.23*** 11.33*** 11.23*** 

(0.0464) (0.0220) (0.0341) (0.0397) (0.0261) (0.0314) (0.0361) (0.0134) (0.0244) (0.0388) (0.0159) (0.0274) 

Observations 879 879 879 879 879 879 879 879 879 879 879 879 

R-squared 0.070 0.143   0.003 0.007   0.020 0.029   0.006 0.020   

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Robust standard errors in parentheses. 

FE = fixed effects; OLS = ordinary least squares; RE = random effects; SLR = simple linear regression.
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Table 5 The impact of weather shocks on log (Migration), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

Total annual number of tropical cyclones by classification at the provincial level  

Frequency of tropical 

depression 

0.0355 -0.0129 -0.0123                   

(0.0729) (0.0235) (0.0237)                   

Frequency of tropical storm 0.119*** 0.0149 0.0171                   

(0.0330) (0.0122) (0.0122)                   

Frequency of super tropical 

storm 

0.0213 -0.0148 -0.0143                   

(0.0734) (0.0171) (0.0173)                   

Frequency of typhoon 0.0983*** 0.0342*** 0.0354***                   

(0.0257) (0.00769) (0.00780)                   

Log annual total casualties 

associated with tropical cyclones 

            0.0866*** 0.0157*** 0.0169***       

            (0.0164) (0.00540) (0.00548)       

Log inflation-adjusted annual 

total cost associated with tropical 

cyclones 

      0.00915*** 0.00260*** 0.00270***             

      (0.00341) (0.000984) (0.00100)             

Annual frequency of the public storm warning signal (PSWS) in a province  

Frequency of PSWS #1                   0.0165 0.0256*** 0.0254*** 

                  (0.0226) (0.00846) (0.00854) 

Frequency of PSWS #2                   0.0153 0.0104 0.0103 

                  (0.0323) (0.00788) (0.00801) 

Frequency of PSWS #3                   0.0290 0.0362*** 0.0360*** 

                  (0.0394) (0.0113) (0.0114) 

Frequency of PSWS #4                   0.00876 -0.0448 -0.0450 

                  (0.137) (0.0323) (0.0328) 

Control variables                         

Unemployment rate 3.899** 0.944 1.178 4.314*** 0.990 1.202 4.269*** 0.964 1.187 4.335*** 0.915 1.085 

(1.540) (0.750) (0.758) (1.591) (0.786) (0.798) (1.539) (0.773) (0.785) (1.588) (0.745) (0.750) 

Infrastructure                         

Total number of elementary 

public schools  

0.00182 0.00157** 0.00158** 0.00175 0.00158** 0.00159** 0.00175 0.00161** 0.00162** 0.00200 0.00153** 0.00155** 

(0.00127) (0.000648) (0.000653) (0.00127) (0.000655) (0.000659) (0.00126) (0.000656) (0.000660) (0.00128) (0.000653) (0.000658) 

Total number of secondary 0.000648 0.000481 0.000488 0.000699 0.000488* 0.000495* 0.000514 0.000452 0.000456 0.000805 0.000661** 0.000664** 
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Table 5 The impact of weather shocks on log (Migration), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

public schools (0.000822) (0.000298) (0.000303) (0.000816) (0.000290) (0.000294) (0.000820) (0.000292) (0.000297) (0.000825) (0.000300) (0.000304) 

Total number of public 

hospitals 

0.00450 0.00396** 0.00396** 0.00504 0.00392** 0.00393** 0.00756* 0.00433** 0.00437*** 0.00504 0.00414** 0.00414** 

(0.00430) (0.00163) (0.00165) (0.00433) (0.00159) (0.00162) (0.00426) (0.00165) (0.00168) (0.00454) (0.00169) (0.00171) 

Total number of private 

hospitals 

-0.00192 -

0.00308** 

-0.00305** -0.000468 -0.00266** -0.00262** -0.00262 -0.00313** -0.00311** -0.00113 -0.00254* -0.00251* 

(0.00312) (0.00121) (0.00122) (0.00314) (0.00123) (0.00125) (0.00316) (0.00126) (0.00128) (0.00317) (0.00128) (0.00130) 

Net participation rate in public 

and private elementary schools 

0.00389 0.00323 0.00328 0.00588 0.00336 0.00343 0.00297 0.00284 0.00287 0.00715 0.00495* 0.00499* 

(0.00603) (0.00265) (0.00267) (0.00605) (0.00260) (0.00263) (0.00602) (0.00268) (0.00271) (0.00621) (0.00272) (0.00275) 

Net participation rate in public 

and private secondary schools 

0.0177 0.00388 0.00416 0.00991 0.00308 0.00319 0.0146 0.00364 0.00382 0.00817 0.00384 0.00388 

(0.0115) (0.00528) (0.00530) (0.0110) (0.00470) (0.00474) (0.0111) (0.00475) (0.00478) (0.0111) (0.00469) (0.00472) 

Measures of income                         

Poverty incidence  -0.00483** -0.000563 -0.000738 -0.00490** -0.000527 -0.000685 -

0.00525*** 

-0.000629 -0.000800 -0.00511** -0.000957 -0.00108 

(0.00200) (0.00124) (0.00124) (0.00201) (0.00128) (0.00128) (0.00201) (0.00128) (0.00128) (0.00206) (0.00123) (0.00123) 

Percentage of households with 

access to electricity  

0.00543 0.00979** 0.00969** 0.00860 0.00995** 0.00993** 0.0110 0.0107** 0.0107** 0.0114 0.0103** 0.0103** 

(0.00774) (0.00449) (0.00455) (0.00779) (0.00432) (0.00437) (0.00758) (0.00425) (0.00431) (0.00770) (0.00429) (0.00434) 

Percentage of households with 

access to improved water 

source 

0.00786*** 0.00187 0.00205 0.00793*** 0.00175 0.00191 0.00770*** 0.00177 0.00193 0.00837*** 0.00179 0.00192 

(0.00260) (0.00147) (0.00144) (0.00264) (0.00150) (0.00148) (0.00261) (0.00152) (0.00149) (0.00266) (0.00152) (0.00150) 

Historical migration rate 2 0.718***   0.903*** 0.707***   0.903*** 0.708***   0.902*** 0.708***   0.904*** 

(0.0826)   (0.257) (0.0840)   (0.258) (0.0833)   (0.257) (0.0844)   (0.258) 

Rural/Urban classification  0.0113*** -0.000251 7.30e-05 0.0118*** -0.000337 -4.84e-05 0.0116*** -0.000317 -1.30e-05 0.0120*** -0.000463 -0.000231 

(0.00157) (0.000951) (0.000921) (0.00159) (0.000977) (0.000949) (0.00158) (0.000972) (0.000945) (0.00160) (0.000990) (0.000967) 

Regions (Northern Mindanao 

omitted) 

                        

Ilocos Region 0.272   -0.932 0.506   -0.887 0.334   -0.906 0.547   -1.008 

  (0.476)   (0.696) (0.477)   (0.702) (0.475)   (0.699) (0.482)   (0.710) 

Cordillera Administrative 

Region 

2.129   0.465 2.281   0.517 2.074   0.516 2.550*   0.431 

  (1.451)   (0.605) (1.446)   (0.608) (1.435)   (0.609) (1.461)   (0.616) 

Cagayan Valley 1.019   -0.563 1.177*   -0.525 1.024   -0.538 1.255*   -0.615 
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Table 5 The impact of weather shocks on log (Migration), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

  (0.707)   (0.732) (0.708)   (0.737) (0.705)   (0.735) (0.720)   (0.743) 

National Capital Region 3.919*   4.606*** 3.961*   4.659*** 3.806*   4.684*** 4.332**   4.532*** 

  (2.127)   (1.192) (2.110)   (1.191) (2.091)   (1.192) (2.133)   (1.194) 

Central Luzon -1.081***   -1.646** -0.967***   -1.625** -0.987***   -1.633** -1.043***   -1.713** 

  (0.366)   (0.817) (0.363)   (0.821) (0.359)   (0.824) (0.364)   (0.822) 

CALABARZON     -0.527     -0.526     -0.520     -0.628 

      (0.648)     (0.651)     (0.654)     (0.660) 

MIMAROPA 1.569   0.0804 1.728   0.127 1.604   0.130 1.939*   0.0891 

  (1.081)   (0.467) (1.080)   (0.469) (1.069)   (0.468) (1.091)   (0.476) 

Bicol Region -0.960   -2.079** -0.805   -2.056** -0.902   -2.089** -0.960   -2.119** 

  (0.750)   (0.825) (0.746)   (0.835) (0.739)   (0.832) (0.750)   (0.835) 

Western Visayas 0.429   -2.678** 0.431   -2.648** 0.402   -2.713** 0.473   -2.664** 

  (0.438)   (1.040) (0.435)   (1.055) (0.432)   (1.055) (0.440)   (1.057) 

Central Visayas 1.628   -1.405 1.540   -1.392 1.587   -1.429 1.668   -1.448 

  (1.039)   (0.892) (1.033)   (0.899) (1.021)   (0.895) (1.041)   (0.900) 

Eastern Visayas     -3.106***     -3.085***     -3.153***     -3.059*** 

      (1.101)     (1.109)     (1.106)     (1.106) 

Zamboanga Peninsula 0.575**   0.330 0.708***   0.356 0.715***   0.357 0.694***   0.354 

  (0.246)   (0.600) (0.246)   (0.605) (0.243)   (0.601) (0.250)   (0.608) 

Davao Region 0.975*   1.154* 0.966*   1.149* 1.059*   1.186** 1.124**   1.146* 

  (0.557)   (0.593) (0.560)   (0.595) (0.551)   (0.598) (0.560)   (0.598) 

SOCCSKSARGEN 1.482***   1.483** 1.514***   1.488** 1.627***   1.528*** 1.656***   1.478** 

  (0.554)   (0.584) (0.555)   (0.586) (0.544)   (0.586) (0.555)   (0.587) 

Caraga 0.793   0.695 0.796   0.706 0.701   0.697 0.844   0.670 

  (0.636)   (0.536) (0.632)   (0.534) (0.627)   (0.535) (0.641)   (0.542) 

Autonomous Region in Muslim 

Mindanao 

1.202**   0.807 1.313**   0.822 1.428***   0.848 1.358**   0.868 

  (0.553)   (0.572) (0.549)   (0.571) (0.543)   (0.571) (0.554)   (0.573) 

Major island groups (Luzon 

omitted) 
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Table 5 The impact of weather shocks on log (Migration), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

Visayas -1.971     -1.793     -1.963     -2.050     

  (1.432)     (1.423)     (1.407)     (1.432)     

Mindanao 1.516**     1.483*     1.421*     1.616**     

  (0.758)     (0.758)     (0.752)     (0.767)     

Constant -4.635 -0.840 -1.306 -4.569 -0.828 -1.303 -4.551 -0.918 -1.384 -5.444* -1.045 -1.471 

  (3.018) (1.365) (1.264) (3.015) (1.389) (1.278) (2.980) (1.390) (1.284) (3.039) (1.389) (1.282) 

Observations 857 857 857 857 857 857 857 857 857 857 857 857 

R-squared 0.606 0.367   0.595 0.357   0.605 0.359   0.592 0.371   

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Robust standard errors in parentheses. 

FE = fixed effects; MLR = multiple linear regression; OLS = ordinary least squares; RE = random effects. 
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Table 6 The impact of weather shocks on log (Inflation-adjusted average annual pay), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

Total annual number of tropical cyclones by classification at the provincial level  

Frequency of 

tropical depression 

0.305*** 0.337*** 0.305***                   

(0.0613) (0.0626) (0.0598)                   

Frequency of 

tropical storm 

-0.0794*** -0.0849*** -0.0794***                   

(0.0215) (0.0266) (0.0254)                   

Frequency of super 

tropical storm 

0.0649** 0.0556** 0.0649***                   

(0.0267) (0.0249) (0.0239)                   

Frequency of 

typhoon 

-0.196*** -0.197*** -0.196***                   

(0.0209) (0.0145) (0.0140)                   

Log annual total 

casualties associated 

with tropical 

cyclones 

            -0.0729*** -0.0785*** -0.0729***       

            (0.0119) (0.0125) (0.0116)       

Log inflation-

adjusted annual total 

cost associated with 

tropical cyclones 

      0.00352 0.00395 0.00352             

      (0.00250) (0.00243) (0.00237)             

Annual frequency of the public storm warning signal (PSWS) in a province 

Frequency of 

PSWS #1 

                  -0.0667*** -0.0725*** -0.0667*** 

                  (0.0173) (0.0180) (0.0174) 

Frequency of 

PSWS #2 

                  -0.0874*** -0.0983*** -0.0874*** 

                  (0.0183) (0.0156) (0.0142) 

Frequency of 

PSWS #3 

                  -0.254*** -0.267*** -0.254*** 

                  (0.0357) (0.0288) (0.0284) 

Frequency of 

PSWS #4 

                  -0.204*** -0.233*** -0.204*** 

                  (0.0569) (0.0501) (0.0497) 

Control variables                         

Unemployment rate 0.523 -1.346 0.523 0.235 -0.542 0.235 0.245 -0.909 0.245 -0.106 -0.302 -0.106 

(1.160) (2.035) (1.049) (1.340) (2.469) (1.189) (1.300) (2.487) (1.182) (1.244) (2.214) (1.188) 

Infrastructure                         

Total number of 

elementary public 

-0.00290*** -0.00294** -0.00290** -

0.00327*** 

-0.00320** -

0.00327** 

-0.00286*** -0.00279** -0.00286** -0.00251** -0.00233* -0.00251* 
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Table 6 The impact of weather shocks on log (Inflation-adjusted average annual pay), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

schools  (0.00106) (0.00124) (0.00123) (0.00112) (0.00136) (0.00135) (0.00110) (0.00136) (0.00134) (0.00107) (0.00138) (0.00137) 

Total number of 

secondary public 

schools 

0.000196 0.000217 0.000196 -5.41e-05 -4.92e-05 -5.41e-05 6.62e-05 7.32e-05 6.62e-05 -0.000838 -

0.000880** 

-0.000838** 

(0.000558) (0.000437) (0.000439) (0.000572) (0.000337) (0.000332) (0.000560) (0.000337) (0.000334) (0.000571) (0.000365) (0.000359) 

Total number of 

public hospitals 

-0.0242*** -0.0237*** -0.0242*** -0.0243*** -0.0241*** -

0.0243*** 

-0.0271*** -0.0271*** -0.0271*** -0.0301*** -0.0303*** -0.0301*** 

(0.00291) (0.00235) (0.00237) (0.00296) (0.00243) (0.00247) (0.00309) (0.00266) (0.00268) (0.00326) (0.00254) (0.00257) 

Total number of 

private hospitals 

0.00142 0.00170 0.00142 -0.000767 -0.000558 -0.000767 5.70e-05 0.000275 5.70e-05 -0.00167 -0.00138 -0.00167 

(0.00215) (0.00175) (0.00180) (0.00224) (0.00196) (0.00201) (0.00224) (0.00215) (0.00219) (0.00218) (0.00228) (0.00233) 

Net participation 

rate in public and 

private elementary 

schools 

0.00857** 0.00825 0.00857* 0.00967** 0.00978 0.00967* 0.0122*** 0.0124** 0.0122** 0.00185 0.00150 0.00185 

(0.00386) (0.00515) (0.00511) (0.00415) (0.00594) (0.00583) (0.00414) (0.00583) (0.00575) (0.00380) (0.00505) (0.00498) 

Net participation 

rate in public and 

private secondary 

schools 

0.00330 0.00462 0.00330 0.00767 0.00872 0.00767 0.000132 0.000395 0.000132 -7.86e-05 0.000539 -7.86e-05 

(0.00842) (0.00848) (0.00813) (0.00837) (0.00729) (0.00712) (0.00845) (0.00742) (0.00725) (0.00793) (0.00602) (0.00598) 

Measures of income                         

Poverty incidence  -0.000788 0.000997 -0.000788 -0.000650 0.000623 -0.000650 -0.000365 0.000834 -0.000365 0.000490 0.00181 0.000490 

(0.00158) (0.00331) (0.00202) (0.00172) (0.00377) (0.00228) (0.00169) (0.00369) (0.00230) (0.00165) (0.00322) (0.00212) 

Per cent of 

households with 

access to 

electricity  

-0.0575*** -0.0564*** -0.0575*** -0.0639*** -0.0633*** -

0.0639*** 

-0.0621*** -0.0615*** -0.0621*** -0.0626*** -0.0616*** -0.0626*** 

(0.00682) (0.00497) (0.00499) (0.00793) (0.00584) (0.00573) (0.00751) (0.00521) (0.00516) (0.00726) (0.00444) (0.00434) 

Per cent of 

households with 

access to 

improved water 

source 

-0.00112 -0.00134 -0.00112 -0.00224 -0.00206 -0.00224 -0.00133 -0.000994 -0.00133 -0.00100 -0.000600 -0.00100 

(0.00241) (0.00227) (0.00195) (0.00269) (0.00242) (0.00190) (0.00268) (0.00252) (0.00207) (0.00255) (0.00225) (0.00201) 

Historical migration 

Rate 2 

0.0635   0.0635* 0.0923   0.0923*** 0.0848   0.0848** 0.0414   0.0414 

(0.0587)   (0.0360) (0.0648)   (0.0334) (0.0641)   (0.0349) (0.0620)   (0.0376) 

Rural/urban 

classification  

0.00120 0.00178 0.00120 0.00103 0.00240 0.00103 0.00140 0.00238 0.00140 0.000690 0.00274 0.000690 
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Table 6 The impact of weather shocks on log (Inflation-adjusted average annual pay), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

  (0.00142) (0.00266) (0.00168) (0.00156) (0.00295) (0.00176) (0.00151) (0.00290) (0.00177) (0.00144) (0.00301) (0.00179) 

Regions (Northern 

Mindanao omitted) 

                        

Ilocos Region -1.443***   1.865*** -1.880***   1.665*** -1.662***   1.783*** -1.766***   2.367*** 

  (0.409)   (0.332) (0.442)   (0.375) (0.439)   (0.383) (0.420)   (0.387) 

Cordillera 

Administrative 

Region 

-4.255***   -0.947 -5.181***   -1.636* -4.634***   -1.189 -4.803***   -0.669 

  (1.210)   (0.761) (1.301)   (0.838) (1.290)   (0.841) (1.249)   (0.855) 

Cagayan Valley -2.421***   0.887*** -2.976***   0.569*** -2.738***   0.707*** -2.843***   1.290*** 

  (0.573)   (0.144) (0.617)   (0.150) (0.614)   (0.159) (0.596)   (0.164) 

National Capital 

Region 

-2.496   -2.496 -3.192*   -3.192 -2.329   -2.329 -1.410   -1.410 

  (1.762)   (1.933) (1.833)   (2.070) (1.816)   (2.069) (1.763)   (2.104) 

Central Luzon 0.702**   4.010*** 0.649**   4.194*** 0.538*   3.983*** 0.397   4.531*** 

  (0.290)   (1.016) (0.303)   (1.151) (0.296)   (1.162) (0.284)   (1.180) 

CALABARZON     3.308***     3.545***     3.445***     4.134*** 

      (0.749)     (0.858)     (0.876)     (0.889) 

MIMAROPA -4.327***   -1.019** -5.028***   -1.483*** -4.701***   -1.256*** -5.117***   -0.983** 

  (0.909)   (0.414) (0.988)   (0.462) (0.978)   (0.456) (0.946)   (0.453) 

Bicol Region 0.102   3.411*** 0.0677   3.613*** -0.139   3.306** -0.587   3.547*** 

  (0.578)   (1.212) (0.587)   (1.336) (0.577)   (1.343) (0.568)   (1.366) 

Western Visayas -0.495   4.166*** -0.587*   4.424*** -0.443   4.066** -0.196   3.997** 

  (0.337)   (1.518) (0.350)   (1.676) (0.346)   (1.674) (0.340)   (1.703) 

Central Visayas -1.949**   2.711*** -2.024**   2.988*** -1.781**   2.728*** -1.295   2.898*** 

  (0.855)   (0.914) (0.892)   (1.010) (0.878)   (1.015) (0.857)   (1.032) 

Eastern Visayas     4.660**     5.012**     4.509**     4.192** 

      (1.842)     (2.017)     (2.012)     (2.052) 

Zamboanga 

Peninsula 

-1.116***   -1.116*** -1.285***   -1.285*** -1.317***   -1.317*** -1.373***   -

1.373*** 

  (0.208)   (0.134) (0.216)   (0.125) (0.213)   (0.124) (0.210)   (0.108) 

Davao Region -2.726***   -2.726*** -2.895***   -2.895*** -2.736***   -2.736*** -2.624***   -
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Table 6 The impact of weather shocks on log (Inflation-adjusted average annual pay), MLR (OLS, FE, RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  OLS 1 FE 1 RE 1 OLS 2 FE 2 RE 2 OLS 3 FE 3 RE 3 OLS 4 FE 4 RE 4 

2.624*** 

  (0.481)   (0.592) (0.515)   (0.663) (0.505)   (0.648) (0.482)   (0.634) 

SOCCSKSARGEN -2.966***   -2.966*** -3.202***   -3.202*** -3.076***   -3.076*** -2.931***   -

2.931*** 

  (0.448)   (0.591) (0.484)   (0.660) (0.471)   (0.641) (0.449)   (0.624) 

Caraga -1.212**   -1.212** -1.313**   -1.313** -1.114**   -1.114* -0.959*   -0.959 

  (0.521)   (0.574) (0.546)   (0.634) (0.545)   (0.643) (0.530)   (0.669) 

Autonomous 

Region in Muslim 

Mindanao 

-3.037***   -3.037*** -3.387***   -3.387*** -3.471***   -3.471*** -3.660***   -

3.660*** 

(0.455)   (0.336) (0.508)   (0.333) (0.498)   (0.321) (0.480)   (0.276) 

Major island groups 

(Luzon omitted) 

                        

Visayas 1.352     1.467     1.064     0.0588     

  (1.130)     (1.158)     (1.138)     (1.115)     

Mindanao -3.308***     -3.545***     -3.445***     -4.134***     

  (0.630)     (0.686)     (0.681)     (0.672)     

Constant 24.73*** 22.51*** 21.42*** 26.13*** 23.31*** 22.59*** 25.20*** 22.51*** 21.75*** 26.62*** 23.10*** 22.49*** 

  (2.615) (2.652) (2.230) (2.828) (2.956) (2.472) (2.784) (2.963) (2.468) (2.698) (2.996) (2.487) 

Observations 857 857 857 857 857 857 857 857 857 857 857 857 

R-squared 0.408 0.395   0.311 0.290   0.332 0.313   0.383 0.372   

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Robust standard errors in parentheses. 

FE = fixed effects; MLR = multiple linear regression; OLS = ordinary least squares; RE = random effects.  
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Table 7.1 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  First stage Second stage First stage 
Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Total annual number of tropical cyclones at the provincial 

level, by intensity  

                

Frequency of tropical depression 0.305***               

(0.06)               

Frequency of tropical storm -0.079***               

(0.02)               

Frequency of super tropical storm 0.065**               

(0.03)               

Frequency of typhoon -0.196***               

(0.02)               

Log annual total casualties associated with tropical cyclones         -0.073***       

        (0.01)       

Log inflation-adjusted annual total cost associated with 

tropical cyclones 

    0.004           

    (0.00)           

Annual frequency of the public storm warning signal (PSWS)  

in a province  

                

Frequency of PSWS #1             -0.067***   

            (0.02)   

Frequency of PSWS #2             -0.087***   

            (0.02)   

Frequency of PSWS #3             -0.254***   

            (0.04)   

Frequency of PSWS #4             -0.204***   

            (0.06)   

Log inflation-adjusted average annual pay   -0.404***   2.600   -1.188***   -0.144 

  (0.112)   (2.172)   (0.270)   (0.118) 

Control variables                 

Unemployment rate  0.523 4.383*** 0.235 3.703 0.245 4.560** -0.106 4.324*** 

(1.16) (1.462) (1.34) (4.229) (1.3) (1.796) (1.24) (1.503) 

Infrastructure                 
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Table 7.1 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  First stage Second stage First stage 
Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Total number of elementary public schools  -0.003*** 0.000821 -0.003*** 0.0103 -0.003** -0.00164 -0.003** 0.00164 

(0.00) (0.00131) (0.00) (0.00736) (0.00) (0.00186) (0) (0.00130) 

Total number of secondary public schools 0.00 0.000643 0.00 0.000840 0.00 0.000592 -0.001 0.000660 

(0.00) (0.000789) (0.00) (0.00179) (0.00) (0.000938) (0) (0.000788) 

Total number of public hospitals -0.024*** -0.00540 -0.024*** 0.0682 -0.027*** -0.0246*** -0.03*** 0.000969 

(0.00) (0.00489) (0.00) (0.0534) (0.00) (0.00758) (0) (0.00503) 

Total number of private hospitals 0.001 -0.00171 -0.001 0.00153 0.00 -0.00255 -0.002 -0.00143 

(0.00) (0.00305) (0.00) (0.00717) (0.00) (0.00373) (0) (0.00303) 

Net participation rate in public and private elementary 

schools 

0.009** 0.00982 0.01** -0.0193 0.012*** 0.0174** 0.002 0.00730 

(0.00) (0.00615) (0.00) (0.0233) (0.00) (0.00757) (0) (0.00608) 

Net participation rate in public and private secondary 

schools 

0.003 0.00961 0.008 -0.0100 0.00 0.0147 0 0.00791 

(0.01) (0.0108) (0.01) (0.0303) (0.01) (0.0135) (0.01) (0.0107) 

Measures of income                 

Poverty incidence  -0.001 -0.00517*** -0.001 -0.00321 0.00 -0.00569** 0 -0.00500** 

(0.00) (0.00196) (0.00) (0.00541) (0.00) (0.00248) (0) (0.00197) 

Percentage of households with access to electricity  -0.057*** -0.0136 -0.064*** 0.175 -0.062*** -0.0628*** -0.063*** 0.00263 

(0.01) (0.0101) (0.01) (0.134) (0.01) (0.0197) (0.01) (0.0103) 

Percentage of households with access to improved water 

source 

-0.001 0.00770*** -0.002 0.0137 -0.001 0.00612 -0.001 0.00822*** 

(0.00) (0.00274) (0.00) (0.00909) (0.00) (0.00395) (0) (0.00262) 

Historical migration rate 2 0.064 0.738*** 0.092 0.467 0.085 0.809*** 0.041 0.715*** 

(0.06) (0.0827) (0.06) (0.289) (0.06) (0.104) (0.06) (0.0817) 

Rural/urban classification  0.001 0.0124*** 0.001 0.00907* 0.001 0.0132*** 0.001 0.0121*** 

(0.00) (0.00156) (0.00) (0.00523) (0.00) (0.00214) (0) (0.00153) 

Regions (Northern Mindanao omitted)                 

Ilocos Region 1.865*** -0.280 1.665*** -5.304 1.783*** 1.031 2.367*** -0.714* 

  (0.33) (0.431) (0.35) (3.628) (0.35) (0.662) (0.35) (0.432) 

Cordillera Administrative Region -0.947 0.443 -1.636** 5.052 -1.189* -0.759 -0.669 0.841 

  (0.64) (0.787) (0.67) (3.821) (0.67) (1.090) (0.65) (0.781) 

Cagayan Valley 0.887*** -0.0180 0.569*** -1.784 0.707*** 0.443 1.29*** -0.171 
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Table 7.1 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  First stage Second stage First stage 
Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

  (0.21) (0.281) (0.21) (1.325) (0.22) (0.369) (0.23) (0.277) 

National Capital Region -2.496 3.360 -3.192* 12.26 -2.329 1.039 -1.41 4.129** 

  (1.76) (2.118) (1.83) (8.275) (1.82) (2.846) (1.76) (2.090) 

Central Luzon 4.01*** -0.921 4.194*** -13.35 3.983*** 2.323 4.531*** -1.995* 

  (0.85) (1.120) (0.92) (9.105) (0.91) (1.752) (0.89) (1.124) 

CALABARZON 3.308*** -0.0948 3.545*** -10.70 3.445*** 2.671* 4.134*** -1.011 

  (0.63) (0.862) (0.69) (7.714) (0.68) (1.391) (0.67) (0.870) 

MIMAROPA -1.019*** -0.189 -1.483*** 4.101 -1.256*** -1.308** -0.983*** 0.182 

  (0.34) (0.430) (0.36) (3.182) (0.35) (0.650) (0.34) (0.431) 

Bicol Region 3.411*** -1.144 3.613*** -11.68 3.306*** 1.604 3.547*** -2.055 

  (1.05) (1.318) (1.11) (8.059) (1.1) (1.890) (1.07) (1.307) 

Western Visayas 4.166*** -1.503 4.424*** -14.35 4.066*** 1.848 3.997*** -2.613 

  (1.32) (1.649) (1.4) (9.902) (1.38) (2.350) (1.33) (1.633) 

Central Visayas 2.711*** -0.821 2.988*** -9.503 2.728*** 1.445 2.898*** -1.571 

  (0.82) (1.039) (0.87) (6.640) (0.86) (1.497) (0.83) (1.031) 

Eastern Visayas 4.66*** -1.809 5.012*** -16.30 4.509*** 1.973 4.192** -3.062 

  (1.61) (1.998) (1.7) (11.29) (1.68) (2.835) (1.62) (1.979) 

Zamboanga Peninsula -1.116*** 0.164 -1.285*** 4.048 -1.317*** -0.849* -1.373*** 0.500* 

  (0.21) (0.279) (0.22) (2.843) (0.21) (0.458) (0.21) (0.286) 

Davao Region -2.726*** 0.0194 -2.895*** 8.492 -2.736*** -2.191** -2.624*** 0.752 

  (0.48) (0.643) (0.52) (6.165) (0.5) (1.053) (0.48) (0.645) 

SOCCSKSARGEN -2.966*** 0.427 -3.202*** 9.837 -3.076*** -2.027* -2.931*** 1.241* 

  (0.45) (0.658) (0.48) (6.812) (0.47) (1.097) (0.45) (0.660) 

Caraga -1.212** 0.377 -1.313** 4.210 -1.114** -0.623 -0.959* 0.709 

  (0.52) (0.647) (0.55) (3.140) (0.55) (0.894) (0.53) (0.643) 

Autonomous Region in Muslim Mindanao -3.037*** -0.0433 -3.387*** 10.12 -3.471*** -2.694** -3.66*** 0.835 

  (0.45) (0.648) (0.51) (7.287) (0.5) (1.124) (0.48) (0.667) 

Major island groups (Luzon omitted)                 

Visayas   -   -   -   - 



Page 42 of 50 

Table 7.1 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  First stage Second stage First stage 
Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

                  

Mindanao   -   -   -   - 

                  

Constant 21.42*** 5.222 22.586*** -61.80 21.752*** 22.71*** 22.491*** -0.572 

  (2.05) (3.446) (2.2) (48.21) (2.16) (6.747) (2.08) (3.564) 

Observations   857   857   857   857 

R-squared   0.591   -1.668   0.320   0.602 

F stat                 

Notes: ***, **, and * are 1%, 5%, and 10% level of significance, respectively. Robust standard errors in parentheses. 

IV = instrumental variable; MLR = multiple linear regression; 2SLS = 2-stage least squares. 
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Table 7.2 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS FE) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage Second stage First stage 

Second 

stage 
First stage Second stage First stage Second stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Total annual number of tropical cyclones at the 

provincial level, by intensity 

                

Frequency of tropical depression 0.337***               

(0.0567)               

Frequency of tropical storm -0.0849***               

(0.0279)               

Frequency of super tropical storm 0.0556               

(0.0623)               

Frequency of typhoon -0.197***               

(0.0214)               

Log annual total casualties associated with tropical 

cyclones 

        -0.0785***       

        (0.0150)       

Log inflation-adjusted annual total cost associated 

with tropical cyclones 

    0.00395           

    (0.00288)           

Annual frequency of the public storm warning 

signal (PSWS) in a province  

                

Frequency of PSWS #1             -0.0725***   

            (0.0190)   

Frequency of PSWS #2             -0.0983***   

            (0.0247)   

Frequency of PSWS #3             -0.267***   

            (0.0345)   

Frequency of PSWS #4             -0.233***   

            (0.0867)   

Log inflation-adjusted average annual pay   -0.135***   0.659   -0.200***   -0.153*** 

  (0.0330)   (0.651)   (0.0690)   (0.0372) 

Control variables                 

Unemployment rate  -1.346 0.825 -0.542 1.347 -0.909 0.782 -0.302 0.813 

(1.836) (0.701) (1.981) (1.816) (1.948) (0.705) (1.867) (0.700) 

Infrastructure                 

Total number of elementary public schools  -0.00294*** 0.00125*** -0.00320*** 0.00369* -0.00279** 0.00105** -0.00233** 0.00120*** 
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Table 7.2 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV 2SLS FE) 
  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage Second stage First stage 

Second 

stage 
First stage Second stage First stage Second stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

(0.00105) (0.000410) (0.00113) (0.00223) (0.00111) (0.000452) (0.00106) (0.000413) 

Total number of secondary public schools 0.000217 0.000471* -4.92e-05 0.000521 7.32e-05 0.000467* -0.000880 0.000469* 

(0.000714) (0.000269) (0.000761) (0.000679) (0.000749) (0.000270) (0.000725) (0.000269) 

Total number of public hospitals -0.0237*** 0.000481 -0.0241*** 0.0198 -0.0271*** -0.00109 -0.0303*** 5.55e-05 

(0.00330) (0.00148) (0.00350) (0.0162) (0.00348) (0.00209) (0.00340) (0.00153) 

Total number of private hospitals 0.00170 -0.00302*** -0.000558 -0.00230 0.000275 -0.00308*** -0.00138 -0.00303*** 

(0.00246) (0.000928) (0.00263) (0.00241) (0.00259) (0.000934) (0.00249) (0.000926) 

Net participation rate in public and private 

elementary schools 

0.00825* 0.00469*** 0.00978* -0.00309 0.0124** 0.00532*** 0.00150 0.00486*** 

(0.00469) (0.00181) (0.00504) (0.00780) (0.00498) (0.00191) (0.00483) (0.00182) 

Net participation rate in public and private 

secondary schools 

0.00462 0.00324 0.00872 -0.00267 0.000395 0.00371 0.000539 0.00337 

(0.00960) (0.00350) (0.00990) (0.0100) (0.00979) (0.00354) (0.00934) (0.00349) 

Measures of income                 

Poverty incidence  0.000997 -0.000498 0.000623 -0.000937 0.000834 -0.000462 0.00181 -0.000488 

(0.00212) (0.000811) (0.00229) (0.00207) (0.00226) (0.000816) (0.00217) (0.000810) 

Percentage of households with access to 

electricity  

-0.0564*** 0.00242 -0.0633*** 0.0517 -0.0615*** -0.00157 -0.0616*** 0.00134 

(0.00606) (0.00305) (0.00647) (0.0408) (0.00630) (0.00484) (0.00606) (0.00323) 

Percentage of households with access to 

improved water source 

-0.00134 0.00169* -0.00206 0.00311 -0.000994 0.00157 -0.000600 0.00166* 

(0.00258) (0.000988) (0.00280) (0.00275) (0.00275) (0.000999) (0.00265) (0.000987) 

Rural/urban classification  0.00178 3.55e-06 0.00240 -0.00192 0.00238 0.000159 0.00274* 4.58e-05 

(0.00153) (0.000591) (0.00166) (0.00216) (0.00163) (0.000612) (0.00157) (0.000592) 

Constant 22.51*** 2.094* 23.31*** -16.20 22.51*** 3.578** 23.10*** 2.497** 

  (2.282) (1.153) (2.462) (15.15) (2.415) (1.811) (2.315) (1.218) 

Observations 857 857 857 857 857 857 857 857 

R-squared 0.395   0.290   0.313   0.372   

F stat                 

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Standard errors in parentheses. 

FE = fixed effects; IV = instrumental variable; MLR = multiple linear regression; 2SLS = 2-stage least squares.  
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Table 7.3 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV G2SLS RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Total annual number of tropical 

cyclones at the provincial level, by 

intensity 

                

Frequency of tropical depression 0.337***               

(0.05)               

Frequency of tropical storm -0.085***               

(0.03)               

Frequency of super tropical storm 0.056               

(0.06)               

Frequency of typhoon -0.197***               

(0.02)               

Log annual total casualties associated 

with tropical cyclones 

        -0.078***       

        (0.01)       

Log inflation-adjusted annual total cost 

associated with tropical cyclones 

    0.004           

    (0.00)           

Annual frequency of the public storm 

warning signal (PSWS) in a province  

                

Frequency of PSWS #1             -0.072***   

            (0.02)   

Frequency of PSWS #2             -0.098***   

            (0.02)   

Frequency of PSWS #3             -0.267***   

            (0.03)   

Frequency of PSWS #4             -0.233***   

            (0.08)   

Log inflation-adjusted average annual 

pay 

  -0.137***   0.660   -0.200***   -0.152*** 

  (0.0328)   (0.628)   (0.0664)   (0.0367) 

Control variables                 

Unemployment rate  -1.314 0.922 -0.541 1.356 -0.908 0.784 -0.303 0.888 

(1.76) (0.693) (1.91) (1.749) (1.87) (0.679) (1.79) (0.687) 
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Table 7.3 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV G2SLS RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Infrastructure                 

Total number of elementary public 

schools  

-0.003*** 0.00125*** -0.003*** 0.00369* -0.003*** 0.00105** -0.002** 0.00120*** 

(0.00) (0.000408) (0.00) (0.00215) (0.00) (0.000435) (0) (0.000407) 

Total number of secondary public 

schools 

0.00 0.000473* 0.00 0.000521 0.00 0.000467* -0.001 0.000471* 

(0.00) (0.000267) (0.00) (0.000655) (0.00) (0.000260) (0) (0.000265) 

Total number of public hospitals -0.024*** 0.000430 -0.024*** 0.0199 -0.027*** -0.00109 -0.03*** 6.63e-05 

(0.00) (0.00147) (0.00) (0.0156) (0.00) (0.00201) (0) (0.00151) 

Total number of private hospitals 0.002 -

0.00300*** 

-0.001 -0.00229 0.00 -

0.00308*** 

-0.001 -

0.00302*** 

(0.00) (0.000922) (0.00) (0.00232) (0.00) (0.000900) (0) (0.000914) 

Net participation rate in public and 

private elementary schools 

0.008* 0.00474*** 0.01** -0.00310 0.012*** 0.00532*** 0.002 0.00488*** 

(0.00) (0.00180) (0.00) (0.00752) (0.00) (0.00184) (0) (0.00179) 

Net participation rate in public and 

private secondary schools 

0.005 0.00328 0.009 -0.00268 0.00 0.00372 0.001 0.00339 

(0.01) (0.00348) (0.01) (0.00967) (0.01) (0.00341) (0.01) (0.00344) 

Measures of income                 

Poverty incidence  0.001 -0.000572 0.001 -0.000944 0.001 -0.000464 0.002 -0.000545 

(0.00) (0.000805) (0.00) (0.00200) (0.00) (0.000786) (0) (0.000797) 

Percentage of households with 

access to electricity  

-0.056*** 0.00230 -0.063*** 0.0517 -0.062*** -0.00158 -0.062*** 0.00137 

(0.01) (0.00303) (0.01) (0.0393) (0.01) (0.00466) (0.01) (0.00318) 

Percentage of households with 

access to improved water source 

-0.001 0.00176* -0.002 0.00312 -0.001 0.00157 -0.001 0.00171* 

(0.00) (0.000981) (0.00) (0.00265) (0.00) (0.000962) (0) (0.000972) 

Historical migration rate 2 0.102 0.920*** 0.105 0.841 0.102 0.930 0.034 0.922*** 

(0.68) (0.269) (2.45) (2.191) (4.79) (1.733) (0.8) (0.309) 

Rural/urban classification  0.002 0.000139 0.002 -0.00191 0.002 0.000163 0.003* 0.000142 

(0.00) (0.000587) (0.00) (0.00208) (0.00) (0.000590) (0) (0.000583) 

Regions (Northern Mindanao omitted)                 

Ilocos Region 1.878 -0.648 1.654 -1.975 1.795 -0.542 2.397 -0.622 

  (1.81) (0.717) (6.46) (5.863) (12.61) (4.564) (2.13) (0.820) 

Cordillera Administrative Region -0.991 0.375 -1.602 1.562 -1.148 0.274 -0.504 0.351 

  (1.49) (0.588) (4.93) (4.501) (9.57) (3.462) (1.72) (0.660) 
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Table 7.3 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV G2SLS RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Cagayan Valley 0.841 -0.440 0.556 -0.902 0.694 -0.409 1.368 -0.432 

  (1.75) (0.691) (6.29) (5.625) (12.28) (4.442) (2.06) (0.792) 

National Capital Region -2.517 4.439*** -3.116 6.729 -2.192 4.263 -1.194 4.397*** 

  (2.98) (1.174) (9.12) (8.338) (17.57) (6.358) (3.36) (1.295) 

Central Luzon 4.059** -1.083* 4.11 -4.310 3.942 -0.815 4.377** -1.018 

  (1.62) (0.653) (5.15) (5.257) (9.95) (3.610) (1.85) (0.726) 

CALABARZON 3.322** -0.0381 3.458 -2.780 3.406 0.192 4** 0.0171 

  (1.67) (0.671) (5.66) (5.501) (11) (3.988) (1.94) (0.756) 

MIMAROPA -1.013 -0.0286 -1.452 1.080 -1.22 -0.119 -0.886 -0.0502 

  (1.42) (0.563) (5.01) (4.559) (9.77) (3.536) (1.67) (0.642) 

Bicol Region 3.454** -1.647** 3.542 -4.382 3.252 -1.425 3.411* -1.594** 

  (1.65) (0.661) (4.91) (4.886) (9.43) (3.418) (1.86) (0.724) 

Western Visayas 4.231** -2.166*** 4.35 -5.507 4.009 -1.896 3.824* -2.101*** 

  (1.88) (0.752) (5.3) (5.415) (10.11) (3.668) (2.09) (0.816) 

Central Visayas 2.763* -1.060 2.935 -3.314 2.691 -0.874 2.781 -1.015 

  (1.65) (0.657) (5.36) (5.106) (10.38) (3.761) (1.89) (0.734) 

Eastern Visayas 4.753** -2.554*** 4.929 -6.324 4.437 -2.249 3.971* -2.481*** 

  (2.02) (0.809) (5.09) (5.430) (9.55) (3.471) (2.2) (0.861) 

Zamboanga Peninsula -1.118 0.167 -1.272 1.186 -1.32 0.0826 -1.343 0.147 

  (1.61) (0.636) (5.77) (5.217) (11.27) (4.080) (1.89) (0.729) 

Davao Region -2.709* 0.823 -2.863 3.043 -2.697 0.649 -2.563 0.781 

  (1.53) (0.611) (5.32) (5.063) (10.37) (3.756) (1.79) (0.694) 

SOCCSKSARGEN -2.98* 1.108* -3.177 3.582 -3.058 0.911 -2.858 1.061 

  (1.53) (0.614) (5.32) (5.136) (10.37) (3.756) (1.79) (0.696) 

Caraga -1.225 0.560 -1.282 1.550 -1.077 0.480 -0.885 0.541 

  (1.57) (0.620) (5.39) (4.874) (10.49) (3.795) (1.83) (0.702) 

Autonomous Region in Muslim 

Mindanao 

-2.967** 0.360 -3.334 3.012 -3.439 0.146 -3.589** 0.309 

  (1.44) (0.578) (5.01) (4.940) (9.77) (3.540) (1.68) (0.657) 

Major island groups (Luzon omitted)                 
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Table 7.3 The impact of log (Inflation-adjusted average annual pay) on log (Migration), MLR (IV G2SLS RE) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

  
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 
First stage 

Second 

stage 

  (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) (Pay) (Migration) 

Visayas   -   -   -   - 

                  

Mindanao   -   -   -   - 

                  

Constant 21.322*** 1.562 22.229*** -15.93 21.449*** 2.963 21.91*** 1.897 

  (2.21) (1.127) (4.49) (14.36) (8.05) (3.257) (2.34) (1.204) 

Observations   857   857   857   857 

R-squared                 

Notes: ***, **, and * are 1 per cent, 5 per cent, and 10 per cent level of significance, respectively. Standard errors in parentheses. FE = fixed effects; IV = instrumental variable; 

MLR = multiple linear regression; 2SLS = 2-Stage Least Squares.   
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Table 8 Hausman tests of tables 3 to 7 

 Hausman test Hausman test, sigmaless Hausman Test, sigmamore 

Weather shock Chi 

square 

Prob > Chi square Method Chi 

square 

Prob > Chi 

square 

Method Chi 

Square 

Prob > Chi 

Square 

Method 

Table 3 The impact of weather shocks on log (Migration + 1), SLR 

Tropical cyclones  -6.50  NA fails 16.19 0.0028 FE 15.97 0.0031 FE 

Log (Inflation-adjusted total 

costs + 1) 

 2.71 0.1000 RE 1.72 0.1901 RE 1.72 0.1902 RE 

Log (Total casualties + 1)  -2.23  NA fails 14.91 0.0001 FE 14.68 0.0001 FE 

PSWS -1.42 NA fails 14.59 0.0056 FE 14.41 0.0061 FE 

Table 4 The impact of weather shocks on log (Inflation-adjusted average annual pay), SLR 

Tropical cyclones 82.15 0.0000 FE 72.20 0.0000 FE 69.99 0.0000 FE 

Log (Inflation-adjusted total 

costs + 1) 

4.22 0.0400 FE (at  = 5%), 

RE (at  = 1%) 

4.78 0.0287 FE (at = 5%), 

RE (at = 1%) 

5.01 0.0252 FE (at alpha = 

5%), RE (at 

alpha = 1%) 

Log (Total casualties + 1) 5.81 0.0160 FE 6.74 0.0094 FE 7.02 0.0081 FE 

PSWS 16.31 0.0026 FE 18.14 0.0012 FE 18.81 0.0009 FE 

Table 5 The impact of weather shocks on log (Migration + 1), MLR 

Tropical cyclones  -14.42  NA fails 49.55 0.0000 FE 46.88 0.0000 FE 

Log (Inflation-adjusted total 

costs + 1) 

-17.68 NA fails 37.21 0.0000 FE 35.71 0.0000 FE 

Log (Total casualties + 1) -16.58 NA fails 43.45 0.0000 FE 41.48 0.0000 FE 

PSWS  52.96 0.0000 FE 23.27 0.0030 FE 22.81 0.0036 FE 

Table 6 The impact of weather shocks on log (Inflation-adjusted average annual pay), MLR 

Tropical cyclones  5.96 0.9675 RE 8.34 0.4012 RE 8.72 0.3663 RE 

Log (Inflation-adjusted total 

costs + 1) 

 2.99 0.9909 RE 3.45 0.7503 RE 3.64 0.7253 RE 

Log (Total casualties + 1)  3.52 0.9819 RE 4.40 0.6225 RE 4.63 0.5919 RE 

PSWS 8.69 0.8506 RE 11.34 0.2533 RE 11.81 0.2241 RE 

Table 7 The impact of log (Inflation-adjusted average annual pay) on log (Migration + 1), IVMLR 

Tropical cyclones 4.16 0.9803 RE -0.05 NA fails -0.13  NA fails 

Log (Inflation-adjusted total 

costs + 1) 

0.00 1.0000 RE 0.00 1.0000 RE 0.00 1.0000 RE 

Log (Total casualties + 1) 0.00 1.0000 RE 0.00 1.0000 RE 0.00 1.0000 RE 

PSWS 1.32 0.9999 RE -0.04  NA fails -0.09  NA fails 

Notes: FE = fixed effects; MLR = multiple linear regression; RE = random effects. 
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