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For many decades, humanitarian assistance relied on emergency response, triggering both funding and operational activities only after disaster impacts had been recorded. In recent years, many humanitarian actors have joined forces to complement traditional, reactive mechanisms with a forward-looking approach that can be activated before a disaster strikes. Anticipatory action (AA) uses forecasts of extreme weather events and combines them with risk information to identify and implement locally-led early actions with the goal of protecting lives and livelihoods more efficiently. AA is still a relatively new approach. Hence, monitoring, evaluation, accountability and learning (MEAL) is crucial to measure its effectiveness and adjust where necessary, as well as for (government) donors that want to see the added value of their investment maximized. However, evidence-based studies that investigate potential limitations and the exact impact pathway of AA at household level are time-consuming, costly, and therefore scarce. Satellite earth observation can become a game changer in AA by strengthening the evidence base via rapid, low-cost assessments. Both commercial and freely available satellite-derived data have reached an unprecedented level of quality, spatial, and temporal resolution. Simultaneously, there are major uncertainties regarding where, when, how, and under what conditions satellite data can support MEAL for AA at all. We argue that satellite data for an advanced MEAL framework should be considered already in the design phase of AA projects and that the translation of satellite data into actionable information will require a cross-cutting community of practice.
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Introduction

Empirical evidence indicates that initiating humanitarian activities based on early warnings can help to protect lives and livelihoods while simultaneously reducing costs (Lopez et al., 2020). Nevertheless, only a fraction of humanitarian funding, sometimes cited as around one percent (Weingärtner and Spencer, 2019), is issued through pre-agreed triggers and plans. The overall objective is to make 1 billion people safer from disasters by 2025 (Risk-informed Early Action Partnership, 2021) through a combination of weather or climate forecasts, pre-agreed action plans, and pre-agreed finance—in short: anticipatory action1 (AA). The transition toward a forward-looking humanitarian system requires a strong evidence base and monitoring tools to evaluate and learn what works and how to do better (UN World Food Programme, 2021). Even though the Anticipation Hub of the Red Cross Red Crescent Movement (RCRC) has already developed an evidence database for AA2, the generation of robust evidence remains complex, costly, and time-consuming. Based on the monitoring, evaluation, accountability, and learning (MEAL) framework, this study explores how satellite earth observation (EO) could support the assessment of the added-value and limitations of AA. The following sections correspond to each of the four MEAL components (in a slightly different order). We end with a hypothetical use case and a conclusion that aims to pave the way for the first actual use cases.



Monitoring of hazards and vulnerabilities

Seasonal forecasts typically achieve lead times of up to 7 months and spatial resolution of around 35 kilometers (Johnson et al., 2019). Simultaneously, EO-derived information is contributing to the monitoring of hazards at different spatial resolutions, e.g., up to 25 cm in the optical domain (Denis et al., 2017). However, AA does not only require information on hazards but on the exposure and vulnerabilities of affected communities (e.g., by identifying housing types which are more prone to cyclones) to enable impact-based forecasting (International Federation of Red Cross Red Crescent Societies, 2020a). EO-derived information has the potential to support these assessments and even the transition from a static to a much more dynamic vulnerability monitoring. This includes, for instance, agricultural applications that are capable of predicting near-future yield variations (Vreugdenhil et al., 2021) or even economic wellbeing (Yeh et al., 2020) based on freely available imagery (e.g., the Sentinel programme of the European Space Agency and the European Commission).



Evaluating the impact of AA on the ground

The evaluation component focuses on critical questions about the performance of AA, such as: Did the model trigger early action at the right time in the right region? Or did the pre-agreed early action lead to the desired socioeconomic benefit? In addition to complementing the risk assessment before the manifestation of a hazard on the ground (e.g., via the identification of flood prone areas), EO-derived information could support the evaluation of early action with regard to socioeconomic benefits. Most importantly, direct and indirect evaluations need to be clearly distinguished. Direct evaluations could for instance include an assessment of the condition of fortified roofs, an early action implemented in the Philippines while the region was affected by a tropical cyclone (International Federation of Red Cross Red Crescent Societies, 2019), or an assessment whether crops were better protected from floods by digging trenches as an early action in Zambia (International Federation of Red Cross Red Crescent Societies, 2020b). Indirect evaluations might focus on the monitoring of agricultural production after the distribution of drought-tolerant seeds as an early action before drought as implemented under the UN Central Emergency Relief Fund (CERF) in Somalia (United Nations Central Emergency Response Fund, 2021). Based on such evaluations, a series of improvements could be initiated, such as the revision of early actions or the development of scenarios based on longitudinal studies to better understand counterfactuals (e.g., what is the actual impact of drought on people's livelihoods vs. what is the impact if the distribution of seeds allows them to replant?).



Learning from the evaluation/activation

As AA is still a relatively new approach, each activation and subsequent evaluation is an opportunity to learn what works and how to do it better next to generating evidence of the effectiveness (UN World Food Programme, 2021). As shown above, satellite data can support the monitoring and evaluation process, but cannot directly relate to learning. However, learning means understanding, synthesizing and communicating findings to ultimately adjust decision-making processes. Learning requires joint discussions of data and service providers, national stakeholders (e.g., meteorological agencies), and AA practitioners, which allows the integration of different expertise and thus the enhancement of AA. An institutionalized learning approach that allows learning across all stakeholders involved could rely on national and regional technical working groups that have already been established for AA, e.g., the Southern Africa Forecast-based Financing (FbF) regional technical working group (Anticipation Hub3. A general learning framework for AA exists, but EO-based MEAL is not mentioned yet (UN Office for the Coordination of Humanitarian Affairs, 2021). The obstacle is thus to sensitize members of existing technical working groups about the offer of EO for MEAL in AA as well as to facilitate a trust-based matchmaking between the EO and the AA community.



Accountability: Access and ownership

AA is designed as a primarily locally-led mechanism that relies on national risk ownership. However, in practice, the concept of “owning” risk needs to extend to the ownership of data, data-driven analyses and decision-support services to enable humanitarian assistance independently from international organizations. Ultimately, risk ownership is also closely tied to the accountability of humanitarian practitioners toward communities at risk, implementing partners, and donors. In combination with technical capacity building, freely available EO-derived information, such as rainfall estimates, that is well-calibrated and validated, consistent over space and time, and easily accessible has the potential to improve transparency, accountability and even empower communities.

In order to make EO actionable for MEAL on a local level, a certain skill set is required to bridge the gap between the EO ecosystem and communities at risk. This skill set should be centered on the capacity to reverse-engineer AA based on critical gaps in local capacities regarding specific hazards, the ability to quantify and communicate the added-value of EO in the context of MEAL, and the competence to manage expectations. More concretely, people working at the intersection of EO and MEAL need to understand the strengths and limitations of EO as well as the standard operation procedures and evaluation requirements of humanitarian organizations—a skill set that is currently evolving through cross-cutting collaboration, such as the Anticipation Hub's “EO4AA” working group.



A hypothetical use case for drought-induced food insecurity

The following scenario is based on a simplified, partly-idealized use case. We do not highlight the areas in which EO could strengthen the design or tracking of AA to concentrate exclusively on the MEAL component. The seasonal climate forecast in March predicts a weak onset of the season around May/June. Since agriculture in our region of interest is exclusively rainfed, delayed planting at the start of the rainy season often leads to crop yield deficits at the end of the season. The Early Action Protocol (EAP) is designed to trigger early action in the form of unconditional cash transfers and the distribution of drought-tolerant seeds if a predefined threshold for precipitation and/or temperature is reached. A pre-activation survey already indicated the location of communities with the highest level of vulnerability.

The onset of the season unfolds as predicted and local experts confirm that the seeds that had already been planted are not germinating due to lack of moisture. Usually, smallholder farmers in our region of interest are struggling to buy new seeds, but the EAP foresees a cash distribution of US$ 80 and 10 kg of corn seeds per household via local organizations. Most farmers decide to buy vaccines for their livestock, because they are concerned that indirect drought effects, such as diseases, increase their animals' mortality. Different satellite systems keep monitoring both the skill of the climate forecast and crop conditions throughout the season.

At the end of the season, crop cutting experiments and satellite data allow a very accurate estimation of crop production, which is estimated to be 25% below average, but crop failure could be avoided. A neighboring region that was not yet part of the EAP for drought, is facing a much more severe impact on crop production (losses of more than 50%). Based on EO-derived information, the assessment teams, which consist of international experts and local stakeholders, conclude that over 85% of farmers that had received a second round of seeds managed to grow enough maize to feed their families until the next harvest. Satellite data do not result in any direct conclusions about the use of cash. However, a commercial satellite data provider decides to make very high resolution satellite data available to count livestock (Laradji et al., 2020). These data indicate the communities that had received cash transfers lost virtually no animals, while neighboring villages had to face dramatic losses in livestock, confirming the assumption of local experts. The national working group comes together to evaluate the performance of AA during the previous agricultural season, to recap what worked and what did not, to summarize and communicate lessons learned. Despite the fact that both communities were not directly comparable regarding the characteristics of the drought impact or their vulnerability profiles, further regions will be covered by AA in the next rainy season. Ultimately, AA cost a fraction of the general food distribution that other communities had required, while allowing local stakeholders to deal with the drought shock in a more efficient and dignified way.



Discussion

The advent of the latest generation of EO satellites paved the way for all kinds of use cases that require weather-independent monitoring through RADAR, very-high spatial resolution optical imagery or a combination of various independent datasets to exploit the convergence of evidence, such as in the case of drought monitoring (Enenkel et al., 2016). So far, the performance assessment of forward-looking humanitarian activities has not been a use case. We argue that the main barriers for EO to support evidence-based MEAL are mostly not caused by technical limitations, but by uncertainties related to their added-value and a relatively high entry barrier for evaluation teams that are not used to working with EO-derived information.

What is needed are interdisciplinary approaches that connect social and physical sciences—similar to the concept of climate science translators (Enenkel and Kruczkiewicz, 2022), but covering the entire nexus of human and environmental interactions. As a consequence, we expect three interrelated technical and non-technical activities to pave the way for EO in the context of MEAL:

(1) A cross-cutting community of practice with MEAL practitioners, EO data/service providers, and AA experts; awareness raising about the availability and potential of free and commercial EO data via evidence-based use cases

(2) Standards to establish a harmonized, repeatable EO-driven MEAL process that enables the generalization of findings over time, and

(3) A long-term strategy to establish EO data-driven approaches as an assessment instrument that complements studies using socioeconomic data.

One forum for those activities are the previously mentioned technical working groups. Moreover, it will be crucial to generate the first use cases by piloting these EO-driven MEAL approaches. Here, the Anticipation Hub can support finding suitable pilots to initiate and facilitate exchanges of the AA and EO community. As AA is primarily designed as a locally-led mechanism that relies on local risk ownership, upcoming AA projects will need to proactively tackle potential bottlenecks. These bottlenecks are primarily related to establishing a truly locally-led mechanism for the design, implementation, and evaluation of AA programs. In parallel, technical capacity building and trust-building will be needed to support local stakeholders regarding the access to and operational work with EO-based assessment strategies. Hence, the relatively high entry barrier into EO technologies requires targeted capacity building for MEAL as a core element of the AA design process. EO data and services can increase the efficiency and lower the costs of MEAL, paving the way for assessment processes as a core element of the AA design process rather than just an ad-hoc task at the end of the project.
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Footnotes

1Anticipatory action, forecast-based financing and early warning/early action are used synonymously.

2https://www.anticipation-hub.org/experience/evidence-database/evidence-list

3https://www.anticipation-hub.org/exchange/working-groups
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