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In June 2018, the Peruvian provinces of Arequipa and Puno in the southern Andean region were affected by heavy snowfall, which caused severe damage to people and livelihoods in several communities. Using the Forecast-based Financing approach, the Peruvian Red Cross implemented its pre-defined early action protocol before this event, after receiving an extreme snowfall warning (Level 4) from the Peruvian meteorological service. Here, we provide a case study of the approach and event itself, documenting the decision-making thresholds as well as the actions taken. This warning activated the thresholds established in the protocol, and Peruvian Red Cross prioritized 10 communities for pre-disaster support based on the forecasted severity of the event in combination with vulnerability and exposure information. The activation took place 2 days before the extreme snowfall in the communities, and the Red Cross distributed veterinary kits for 50 heads of cattle per family, tarpaulins, tool kits to install a temporary awning for alpacas to protect them from the cold wind and snow, protection kits for alpaca herders and warm clothing for children under five, pregnant women, the elderly, and people with chronic and infectious diseases in 430 highly vulnerable households. This article presents the results of a household survey following the impact of the extreme snowfall. We document the early actions taken by these communities to protect their livelihoods, health, and assets. The evaluation also presents descriptive statistics of household-level outcomes for households receiving pre-snowfall support and those that did not receive any intervention or only received post-disaster assistance. While most households took action to protect their assets, there were fewer extreme losses of alpaca herds reported in the communities who received the early support, and these communities also reported fewer adults suffering from respiratory illnesses. More in-depth research on this type of early action is necessary on a wider scale, especially to evaluate the utility of different support measures and the necessary quantity of support needed. This case study can inform government, civil society, and humanitarian actors of how early action is happening before disasters occur and provide a direction for further investment in research and practice to make use of hydro-meteorological forecasts for the benefit of the most vulnerable.
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INTRODUCTION

In the past decade, the Early Warning Early Action agenda has spurred investments in climate services, forecast information, and communication protocols worldwide. As a result, lives and livelihoods have been spared during hazardous events, particularly in cyclone-prone regions. In 2008, the International Federation of Red Cross Red Crescent Societies (IFRC) defined Early Warning Early Action as “routinely taking action before a disaster or health emergency happens, making full use of scientific information on all time scales.” This is notable because it refers to responding systematically to a forecast, not to a disaster (IFRC, 2008). The World Disasters Report (IFRC, 2009) was dedicated to EWEA. Despite being in the spotlight, the full potential of early action has not yet been realized; many of the most devastating natural disasters in recent years were forecasted before they caused impact. Hence action could have been taken to reduce this impact. Yet the humanitarian system remains largely focused on response after the disaster and anticipatory actions rarely get funding.

The global community is determined to reverse this fact. Through the Sendai Framework for Disaster Risk Reduction, countries have committed to strengthen Early Warning Systems. In their Nationally Determined Contributions for the Paris Agreement, countries have committed to reduce the risks of extreme events. In addition, they have pledged to address disaster risk reduction as a cross-cutting necessity to achieve the Sustainable Development Goals. Forecast-based Financing is a mechanism that contributes to achieve these commitments by addressing the gaps between disaster risk finance, climate science and early action.

Forecast based financing (FbF) is an approach to accessing humanitarian funding for early action, based on weather forecasts and risk analysis, for the purpose of pre-emptive preparedness for extreme weather events (Coughlan de Perez et al., 2015). The aim of forecast-based preparedness is to anticipate disasters, prevent their effects as much as possible and reduce human suffering and loss of life. The FbF is based on the early warning early action approach (EWEA) for the humanitarian sector and has emerged from ongoing institutional learning on the implementation of early action based on early warnings (Coughlan de Perez et al., 2016; Costella et al., 2017; de la Poterie et al., 2018; Gros et al., 2019). Forecasts have been and are successfully used to provide early warnings for an increasing range of hazards at different timescales. The scope and magnitude of anticipatory actions taken vary depending on the forecast time frame and models used. Some hydro-meteorological hazards can be predicted with relatively high accuracy and measures taken that can save lives or the livelihoods of vulnerable populations (Emerton et al., 2020; Lopez et al., 2020). With forecasts at different timescales, a range of risk reduction actions can be taken with seasonal, sub-seasonal and short-term lead times to prevent disaster losses in vulnerable communities in the near future (Tall, 2010; Bazo et al., 2019; MacLeod et al., 2021). In 2008, the International Federation of Red Cross and Red Crescent Societies (IFRC) West Africa regional office pre-positioned disaster management supplies in advance based on a seasonal forecast of above normal rainfall. This early action improved the availability of supplies by about 40 days when flooding occurred in the region (Braman et al., 2013).

In 2017, the Mongolian Red Cross carried out a successful intervention using the forecast based financing mechanism to minimize the impact of Duzd (drought combined with a harsh winter including snow) on pastorals households (Gros et al., 2021). Numerous successful examples of global early warning systems have been institutionalized in the humanitarian sector and are increasingly being developed; prominent examples include the Famine Early Warning Systems Network (Funk et al., 2019), Global Flood and Stream flow Forecasting (GloFAS), (Alfieri et al., 2013). These are increasingly being incorporated into early action protocols developed by national societies and national hydro-meteorological services (Jjemba et al., 2018).

One of the main obstacles to anticipatory humanitarian action based on forecasts has been funding. Normally humanitarians must wait for emergency declarations to act immediately after a disaster has struck (Coughlan de Perez et al., 2015). A new funding mechanism within the International Federation of the Red Cross allows for the automatic release of funds based on a forecast of an extreme hydro-meteorological events to implement predefined actions through an Early Action Protocol (EAP).

This case study documents one of the first EAPs tested as part of the new funding mechanism, providing a description of the actions and reported outcomes to inform future programming. In the EAP, all stakeholders are involved (national Red Cross society, national hydro-meteorological service, disaster management office, among other institutions) in which they pre-agree on a set of actions, triggers, and communication channels. In this way, decisions are automatic once a disaster of a certain magnitude is predicted and forecasts above a certain threshold, allowing the national Red Cross society to make the best use of the limited lead time to take early action as described in the EAP (IFRC, 2018). Peru is one of the most disaster-prone countries in the Latin American region and very vulnerable to climate change due to its geographical features and high vulnerability. This includes earthquakes, El Niño induced floods in the coastal and northern areas of the country, floods in the Amazonian lowlands and severe cold waves in the southern mountains and landslides. For the most relevant hazards, early warning system efforts are still under development, including the improvement of regional climate services and new early warning systems to address increasing risks due to climate variability and climate change (Emmer and Vil'imek, 2014; Rosas et al., 2016). Based on the high recurrence of extreme weather events, Peru was one of the first countries to implement the FbF mechanism and one of the first to develop a cold wave early action protocol (IFRC, 2018). In the Andean region of Peru, in areas located above 3,200 m above sea level, the highest number of days with meteorological frosts occur mainly between May and September (cold season), with a higher incidence between June and July; in the central highlands between May and August, with a higher incidence in June; and in the northern highlands the maximum occurs between July and November (Alarcón and Trebejo, 2010). However, some localities located above 4,000 m above sea level in the departments of Arequipa, Moquegua, Huancavelica, Cusco, Tacna and Puno, climatically present meteorological frosts during the year, and are more pronounced in autumn, winter, and spring (permanent frosts). Alpaca farmers' families in the high Andean region are the most affected by cold waves as they regularly settle in remote areas where they have the space to raise and feed their animals (Oliver-Smith, 2014). Therefore, cold waves severely threaten the health and livelihoods of whole communities across the high Andean region (Sanchez, 2018). Populations in these regions have developed a high level of resilience and have adapted their livelihood strategies to such climatic conditions (Ponce, 2020). However, in some years the magnitude of cold waves far exceeds normal conditions and the adaptive capacity of communities, causing a considerable impact on people's health and livelihoods. For example, important interventions and Disaster Relief Emergency Funds (DREF) were activated by the Peruvian Red Cross in 2003 and 2007 to assist communities affected by extreme cold, as 65,300 animals died in 2007 (IFRC, 2003, 2008).

This case study from Peru is part of the German Federal Foreign Office's Action Plan for Humanitarian Adaptation to Climate Change. It was implemented in the pilot phase of the FbF during a first phase in which the project countries (Peru, Bangladesh, and Mozambique) focused on small-scale interventions to test and refine the approach. In the case of Peru, it was led by the Red Cross Red Crescent Society of Peru, with support from the German Red Cross and technical assistance from the Red Cross Red Crescent Climate Center (GRC, 2017).

This case study examines a specific FbF activation in the Peruvian Andes, cold waves and snowfalls are the third most frequent hazard, causing health problems for the vulnerable population and severe losses and damages to livelihoods. In general, the temperature starts dropping in Peru in April and extreme low temperatures occur between June and August. Disasters can occur due to isolated events of cold or snowfall; however, these are generally produced when both extreme cold and snowfall coincide, which reduces pasture availability and in turn can increase herd mortality. Once herds go below given thresholds, they can become non-viable, leading to what some researchers call a poverty trap (Barrett et al., 2008) and illustrating the importance of mechanisms that support herd retention for resilience. Often as an effect of the reduction of herd size due to cold wave/ snowfall, herders may give up their pastoral livelihoods entirely and undertake destitution migration into urban areas (Sperling et al., 2008; Koubi et al., 2016) which in turn presents challenges for development. In recent decades, there are indications of increasing intensities of cold wave (PCM, 2019), leading to a heightened urgency to develop effective DRR tools for this phenomenon.

While it is highly desirable to integrate forecast-based action mechanisms with institutionalized programs in the Peruvian government, this work is still in the early stages. The country does have however several significant social protections one of the most important of these is the multisectoral committee for frosts and cold spells. This program has been established since 2012 (PCM, 2019), and the interventions financed were mainly oriented toward preparedness and/or response actions to possible impacts of frost, for example, the provision of shelter kits. In other words, interventions aimed at reducing risks to the health and livelihoods of the population exposed to frost and extreme cold.

In this case study the main goal is to assess the effectiveness of Forecast-based Financing distributions in helping vulnerable populations to take early preparedness measures, and to prevent and reduce the negative impacts of natural disasters on their health, well-being, assets, and livelihoods. The expected benefits of forecast-based in advance cold wave in the Peruvian Andes were identified based on community-level consultations, a literature review, and consultations with Peruvian Red Cross staff and volunteers. In this paper, we test the hypotheses that households who receive forecast based humanitarian aids before the cold wave are better able to mobilize areas safer when needed, Due to the smallness of the intervention and the data analysis, only limited differences were observed between the group of intervention and non-intervention communities were identified. It was reported that the intervention communities had less loss of livelihoods than the comparison group. The same was reflected in the health impact, suffer less from diseases in the aftermath of the cold wave, and resume productive activities sooner than non-FbF-assisted households.

The article offers a case study through analyzing the results of a quasi-experimental study evaluating the FbF intervention. The following sections present information on the intervention and study methodology, and the study findings, including on the intervention's impact as well as variation in the perceived timing of when assistance was received. The article concludes with a discussion on lessons learnt and proposed next steps in both research and practice.



MATERIALS AND METHODS


FbF Intervention Context and Overview

Peru is divided into three climatic zones: the Amazon rainforest in the east, the Pacific coast in the west and the highlands in the center, from north to south. Most Peruvians classified as poor live in the highlands. Lower temperatures are frequent in this part of the country and have important economic consequences.

According to official statistics from the Peruvian Civil Defense Institute, between 2003 and 2019, 7,361 cold waves and snowfall events were reported. These events are basically concentrated in the central and southern departments of Peru in areas above 3,500 meters above sea level Figure 1. However, cold waves and snowfall can pose a significant threat to the health and livelihoods of people living in the high altitudes of the Peruvian Andes (Huggel et al., 2008). During the most stressful years for people and their livelihoods, such as when cold waves occur, vulnerable populations do not have sufficient access to health clinics can run short of feed and supplies for animal care. Access to necessary supplies is limited because the areas where these populations are located are distant from towns where they can have access to health and animal supplies. In critical years this can lead to increased mortality in both people and their animals, which can have huge implications for the lives and livelihoods of the herders (Otto et al., 2018; Staübli et al., 2018).


[image: Figure 1]
FIGURE 1. National emergencies reported by the civil defense from 2003–2019.


In previous years, Peruvian government response agencies and especially the Peruvian Red Cross have responded to disasters caused by cold waves and snowfall through the Disaster Relief Emergency Fund (DREF) of the International Federation of Red Cross and Red Crescent Societies (IFRC) and through other humanitarian response and funding mechanisms. In 2003, a severe cold wave caused severe impacts in the southern Andean region of Peru, killing dozens of elderly people and children under 5 years of age, as well as a large loss of livelihoods, mainly South American camelids (IFRC, 2003). Similar events have occurred in these areas (2013, 2015, 2016), where poverty is widespread, with respiratory diseases being the main causes of death (IFRC, 2013; Staübli et al., 2018).

The Forecast-based Financing pilot was established to reduce the impact of these extreme events, led by the Peruvian Red Cross. Humanitarian funds can now be released for pre-agreed humanitarian activities based on information from hydro-meteorological forecasts and risk analysis. Funds are automatically allocated when a certain threshold is reached so that early actions can be carried out quickly and efficiently before a disaster occurs, as soon as weather or hydrological forecasts combined with risk elements indicate a high probability of a cold wave/snowfall event in communities in the southern Peruvian Andes that could severely affect people, their assets and/or their livelihoods. In 2018 the Peruvian Red Cross Society (PRC) established a FbF mechanism and developed an Early action protocol (EAP) to help herder households cope with the anticipated impacts of extreme cold and snowfall based on forecast warning information and the risks maps (Impact based forecast methodology). Nine indicators establish the risk of extreme cold and snowfall, including snowfall frequency, temperatures low percentiles, pneumonia rate, altitude, population above 3,500 above sea level, poverty index, alpaca population, elderly population above 65 years old and children under 5 years old (IFRC, 2018). This early action protocol focuses on cold waves and snowfall that typically occur in the southern Andean region of Peru during the coldest months (between May and October). Early actions can be activated based on a 5-day “lead time” weather forecast, which is the time between the issue of a forecast and the occurrence of the predicted event, with a level 4 warning (the highest on the warning scale) corresponding to a 60–80% probability of having a high impact snowfall event (20 mm of snow) per more than 4 consecutive days with temperatures below 5th percentile, the forecast came from the Peruvian Hydrological and Meteorological Service (SENAMHI).



Case Study


Triggering of Forecast-Based Humanitarian Distributions During the 2018 Cold Wave/Snowfall in Peru

At the beginning of May 2018, the cold season started with some light to moderate snowfall events beginning to hit the high Andean regions of southern Peru. On 31 May, the National Meteorological and Hydrological Service of Peru (SENAMHI) issued a level 4 meteorological warning for snowfall (warning No. 058) with a lead time of 96 hours and reaching values of 20 mm/day snow and widespread snowfall. The CRP decided to activate the Cold wave/Snowfall EAP with the information received from SENAMHI and started to deploy its actions from that point forward. Pre-disaster support was provided two communities in two districts in southern Peru in the departments of Arequipa (locality of Caylloma) and Puno (Santa Lucia) where, after using an impact model (Impact-based forecasting approach is the basis of the FbF trigger methodology. The trigger is the degree of forecast loss and damage (human, livelihoods, infrastructure, environment etc.), or in other words the degree of humanitarian impact, of an extreme event, that would initiate action, (GRC, 2020). Intervention communities were selected that represented the highest risk when the following variables were combined: 5-day forecast of extreme cold and snowfall, pneumonia rate, altitude, population above 3,500 above sea level, poverty index, alpaca population, elderly population above 65 years old and children under 5 years old. Two communities were selected that had the highest value in risk index of these factor (see Figure 2). Humanitarian distribution began 3 days before the snow hit the identified communities (May 2, 2018). The Red Cross distributed: veterinary kits for 50 livestock per family, two tarpaulins (4 × 6 meters waterproof) with a toolkit (hammer, nails, ropes, saw, multi-purpose gloves) to set up temporary shelter for the alpacas to protect them from the cold wind and snow, protection kit for the alpaca herders (rubber poncho, sunglasses, anti-cut gloves, boots) for snowfall, warm clothes for children under 5 years of age, pregnant women, the elderly and people with chronic and infectious diseases (jackets, gloves and socks), tarpaulin (4 × 6 meters) to improve the insulation of houses in 10 communities in the most at risk districts identified.


[image: Figure 2]
FIGURE 2. Maps of risk and hazard elements used to determine the intervention map (impact-based forecasting), (A) Snowfall vulnerability map, (B) Lack of response capacity map, (C) Snowfall forecast map, (D) Intervention map.




Beneficiary Eligibility Criteria

The eligibility of households (Table 1) to be included as beneficiaries of the Peruvian Red Cross intervention was assessed based on a vulnerability score for each household using some pre-established criteria in the EAP such as the number of household members who are children under 5 years old, adults over 65 years old, with disabilities, pregnant women, and people with chronic diseases, poverty index. Families were excluded if they were on the list of beneficiary households for a multisectoral plan of frost and cold weather events that is carried out annually throughout the Andean region of Peru by the Peruvian government to minimize the impact of the cold season in vulnerable households are detailed, however this plan has other criteria quite different from those in this EAP (PCM, 2019).


Table 1. Interventions and comparison communities.

[image: Table 1]



Study Design

The FbF activation in June 2018, related to cold waves and snowfall, was activated in the districts of Caylloma (Arequipa) and Santa Lucia (Puno), where impact-based forecasting indicated that they were the highest risk districts. This intervention, carried out by the Peruvian Red Cross, was accompanied by an empirical and quasi-experimental study to estimate the impact of the provision of humanitarian assistance based on impact on the target population of vulnerable households in both districts at high risk of impact. The evaluation was intended to test the FBF mechanism's assumptions about the expected benefits of humanitarian aid distribution, as described in the introduction. The FbF funds had been used to assist eight high-risk communities in both districts. For the purposes of this study, eight nearby communities' Figure 3. With a similar vulnerability profile to the intervened communities were selected to serve as “comparison communities.” In the intervention communities, the 430 most vulnerable households that received provision-based humanitarian assistance constitute the intervention group of the study. In the control communities, the same vulnerability criteria described in section Case Study were used to select the most vulnerable households for inclusion in the survey sample. The intervention and comparison communities were interviewed during a survey conducted at the end of June 2018, ~1 month after the event ended. A total of 166 completed responses were collected, 79 (or 47.6%) from intervention households and 87 (52.4%) from comparison households. Surveys were conducted during 22–24 June 2018; Peruvian Red Cross volunteers and staff were trained and updated on a structured questionnaire and deployed in the field using Open Data Kit (ODK-build) as a mobile data entry and management platform. Quantitative and open-response data were collected through 18 questions for each household.


[image: Figure 3]
FIGURE 3. Location of intervention and comparison communities in the districts of Arequipa (Caylloma) and Puno (Santa Lucia).






RESULTS AND DISCUSSION

This study explores which actions were taken to prepare for and manage the extreme cold/snowfall, and the extent of the impacts on alpaca herding households. In both cases, we examine whether there are significant differences between the intervention and comparison households. When it comes to early actions, the alpine communities reported a number of actions that were taken before or during the extreme cold/snowfall event. Most people reported receiving an early warning about the event. The veterinary kits per family for delivery and dosage before cold waves contained internal and external antiparasitic, antibiotics, vitamins and complementary accessories such as syringes, needles, iodine alcohol, cotton wool, in order to prevent animal morbidity and mortality and increase milk, wool and meat production yields. Many shepherds move their livestock to lower altitudes after receiving a warning of cold waves, with this action they avoid that their animals suffer the impact of the cold temperature in the higher altitude areas, however, to do this they need permission from other communities established in lower altitudes and often the shepherds must pay a fee to establish in these areas. The most common actions are listed below (Table 2), alongside the percent of respondents who reported taking that action (combined comparison and intervention groups).


Table 2. Common early actions taken by alpaca-herding communities before and during a cold wave/snowfall event in 2018.

[image: Table 2]

To assess the effects of providing forecast-based financing on the livelihoods and well-being of herder households, a quasi-experimental study design was developed by Peruvian Red Cross to collect representative sample survey data from FbF beneficiaries and comparison households that were equally vulnerable and exposed to the same extreme winter conditions. The quasi-experimental design allowed the researchers to compare the effects of FbF on the experience and socio-economic well-being of beneficiary households against the counterfactual of comparable households who did not receive FbF assistance. The same eligibility criteria were used as for the FbF intervention to select a random sample of 70 beneficiaries (out of 430 reached support) and 96 comparison households. Experimental and quasi-experimental research designs have been widely used to assess the impacts (Bastagli et al., 2019) and other development interventions.

The intervention targeted the most vulnerable households based on the information obtained in the community consultations (Table 1), we did not find a significant difference between the intervention and comparison households with respect to the vulnerable population (older adults over 65 and children under 5 years of age). Given that the communities did not present large differences, it was decided to use a statistical methodology, the Kolmogorov-Smirnov test, which is a non-parametric test of the equality of continuous and unidimensional probability distributions that can be used to compare a sample with a reference probability distribution, or to compare two samples. In our case this test helped us to make a comparison between the samples of the beneficiary and comparison communities.

Of these common actions, the only action that was significantly different between the intervention and comparison groups was the action to migrate to % of the comparison group migrated to lower-altitude areas, while only 11% of the intervention group did so. This is significant with a p-value of 0.01 using a Chi-squared test. It is possible that herders find migration a time and resource-heavy option to protect their livestock, and therefore those who received early support might have decided to remain in their locations with increased confidence of their herds surviving the event. Other actions that were reported by one or more households were:

• Saving food and water

• Drinking natural herbs (e.g., anise seed)

• Putting coats and jackets on babies

• Cleaning animal shelters

• Using blankets.

While we were not able to detect a difference in the number of people taking early action between the intervention and comparison groups, it is possible that the groups did differ in terms of the extent of their early action. Further research is needed to understand whether early supports helped people protect greater numbers of alpaca, for example. Both intervention and comparison groups reported negative impacts from the extreme event, with the intervention group reporting fewer extreme losses or impacts. In terms of effects on their alpaca herds, households reported that some alpaca died during or shortly after the event itself. Others suffered from respiratory problems or diarrhea. To create a larger statistical sample, we combined these outcomes into one variable of “Alpaca impact,” simply summing the number of animals, adults as well as young alpaca, who fell into each category. This indicated the number of impacted alpacas per household in this event. As illustrated in Figure 4 the number of alpacas affected in the intervention group, who received the early humanitarian assistance, tended to be less extreme than the number affected in the comparison group. There were fewer high losses, e.g., over 75 alpacas lost per household, in the intervention group. A Kolmogorov-Smirnov Test comparing the two distributions indicates that the two are significantly different from each other, with a p-value of 0.02. In terms of human impacts, the post-event survey asked about respiratory ailments in adults as well. As illustrated in Figure 5, the number of adults per household reporting respiratory ailments tended to be fewer than in the intervention group. Given the small sample size, this is a tentative finding and would need to be researched further. A chi-square test for categorical data results in a p-value of 0.08. The intervention group also reported spending less on medical care, but this was not significantly different from the comparison group.


[image: Figure 4]
FIGURE 4. How many alpacas were reported by each household as affected by the extreme event.



[image: Figure 5]
FIGURE 5. Reported numbers of adults with respiratory ailments and amount spent on sicknesses in the intervention and control groups.


The results show that the FbF intervention in Peru was successful in identifying the most vulnerable households, and that the survey was relatively successful in identifying comparable groups of similar herder households that did not receive FbF assistance. The assistance appears to have had a statistically significant effect in helping beneficiaries reduce mortality of alpacas, one of the most valuable animals (in the Peruvian Andes), by ~30% compared to households that did not receive the FbF intervention. Although after heavy snowfall herders can continue with their livelihoods without significant disruption. In the long term, interventions such as the FbF examined here can help cushion the negative impact on herders' livelihoods during years of high risk of extreme events. This on a larger scale could reduce the level of impact on livelihoods and reduce the number of livestock herders may lose, which directly affects their economy. The need to improve early warning, early action, anticipation of disasters and crises, improved preparedness and investment in risk reduction has been recognized in several global policy processes and outcome documents such as the Sendai Framework for Disaster Risk Reduction, the Sustainable Development Goals, the Paris Agreement, the World Humanitarian Summit and the Agenda for Humanity, as well as in several humanitarian resolutions of the United Nations General Assembly and the Peruvian government is part of it. Since 2012, the Peruvian government has implemented an annual Multisectoral Plan for cold wave in which it has had a reactive management approach where it has sought to propose risk reduction and preparedness interventions for an optimal response to potential impacts. The implementation of FbF supports to fulfill the commitments made by states in these processes. Establishing FbF funding mechanisms, designing scientific thresholds to trigger early action, and commit to implement EAPs will improve humanitarian assistance and will make disaster risk reduction and climate change adaptation more cost-effective and efficient. It is a powerful tool to avert human suffering because of extreme weather disasters. An institutionalization of the FbF mechanism within the national risk system in Peru could contribute to triggering early actions in case of extreme weather events that could minimize losses of large numbers of livestock, while increasing the resilience of households in the high Andean areas of Peru.



CONCLUSIONS

Cold waves are a recurrent atmospheric phenomenon in the high Andean zones of Peru, generally located more than 3,500 m above sea level, where the ambient temperature drops to levels below 0°C, with greater intensity during the period from May to September. In some extreme years, these cold snaps have a great impact on the population and their livelihoods. From a meteorological point of view, numerous studies have focused on cold air intrusions from the south that extend toward the equator and reach the Bolivian Amazon and southern Peru, causing sudden and severe temperature drops of up to 10°C in a few hours, affecting people, livestock, and crops (Ronchail, 1989; Marengo et al., 1997; Garreaud, 1999; Espinoza et al., 2013b). However, few have described cold waves in the high Andes. (Espinoza et al., 2013a), proposed a cause by cold air advection associated with equatorward propagation of mid-latitude Ross by wave trains eastward from the Andes during the night or early morning. The equatorward propagation of cold, dry air masses reduces cloudiness and inhibits moisture inflow, convective activity and thus cloud formation. Trasmonte et al. (2008) documented that the local population of the central Peruvian Andes assumes that incursions of cold and dry air masses represent the main physical mechanism for generating cold episodes. In contrast, Montes de Oca (1995) noted that cold waves sometimes generate sporadic solid precipitation (snow) events during their propagation along the eastern slope of the central Bolivian Andes. Likewise, Hurley et al. (2015) documented that about 70% of the total snow accumulation at the Quelccaya Ice Cap, located in the Peruvian Andes at 5,680 m altitude, is associated with cold air incursions.

The population of these localities are normally vulnerable to this atmospheric phenomenon, due to their socio-economic condition and geographical location, among other factors. Cold waves cause material damage, as well as damage to people's health and agricultural activity, affecting the economy of many families People of vulnerable age live in these areas, and that most of the people in these areas do not have health insurance and their income is basically focused on livestock farming, and that most of the houses are made of adobe with stone and mud (INEI, 2019). In 2003, 62 people were reported dead (IFRC, 2003), while in 2007, 48 deaths of children were reported (IFRC, 2008). The deaths of people and children are not only due to the cold wave, but also to the lack of health facilities close to the communities.

In these areas, heating systems are rarely available in homes, which often causes neonates and children under 5 years of age to fall ill due to hypothermia and acute respiratory problems. In addition to the deaths of people, there are other adverse impacts of the cold wave in the southern Peruvian Andean region. The operations of schools and people's daily lives and livelihoods are often severely disrupted by cold waves, especially vulnerable people such as children, the elderly and pregnant women with low-income groups and pastorals are the most affected. Cold waves have been found to be a risk factor for diseases such as respiratory diseases, cardiovascular diseases, viral influenza, and rotavirus infection (Pradhan et al., 2019).

In the framework of FbF, effective early actions and timely preparedness for response measures protect development gains in the window of opportunity between a forecast and a potential disaster. This requires a coordinated system in which the government and its partners agree beforehand to allocate funding to protect its population, in sectors such as education, health, infrastructure and others. It is here where FbF is not only a risk reduction and preparedness strategy but contributes to the achievement of the Sustainable Development Goals.

Early warning systems and Forecast-based Financing is one mechanism to support people who are facing cold waves in Peru. Based on the results from this case study, early support is possible in the high Andes with existing weather forecasts, and there are tentative indications of benefits to the population. More research is needed as to how much support is most beneficial, to whom, and when. This case study has helped outline the questions needed for further research, such as why people would choose to migrate or not, and what kind of tailored support should be given to people who are able to migrate to lower altitudes and those who are not. Further research is also needed on health outcomes, including the appropriate investments in healthcare facilities as well as early action interventions that can best help people avoid negative health impacts from extreme weather events. Herders in the Peruvian Andes do take early action to prepare for extreme cold and snowfall events, to protect their health and their assets. Greater support to these populations in the form of long-term investments as well as short-term forecast-based financing has the potential to help people avoid negative impacts during extreme events. This case study can be an example for other countries and humanitarian responders working with pastorals populations in relation to complex hazards, both in terms of establishing impact-based forecasting and warnings to communicate information to enable people at risk to make effective decisions to protect themselves against the impact of expected extreme weather or climate events.
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