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ABSTRACT

Climate change has increased the exposure of agriculture to climatic risk, reinforcing
the importance of agricultural insurance as a risk management instrument. This disser-
tation investigates the relationship between climatic conditions and the Portuguese agri-
cultural insurance system through Generalized Additive Models. Using meteorological
data from IPMA and agricultural insurance records from IFAP, this work examines the ef-
fects of climatic variables on insurance pricing, public support, and realized losses, while
accounting for regional and crop-specific heterogeneity. The results show that GAMs ef-
fectively capture the non-linear effects of climate on public support and insurance pricing,
whereas indemnities are only weakly explained by the climatic variables considered, sug-
gesting the influence of additional non-climatic factors. The analysis also reveals substan-
tial differences across tariff regions and crop groups, as separating vineyards from the re-
maining crops generally improves model performance. Overall, the findings highlight the
importance of climatic conditions in shaping the Portuguese agricultural insurance sys-
tem and demonstrate the suitability of GAMs for modelling complex climate—insurance

relationships.

Keywords: Climate change; agricultural insurance; Generalized Additive Models; cli-

mate risk; Portugal.



RESUMO

As alteragOes climdticas tém aumentado a exposi¢ao da agricultura ao risco climético,
reforcando a importancia do seguro agricola como instrumento de gestao do risco. Esta
dissertacdo analisa a relacdo entre as condi¢des climadticas e o sistema de seguros agricolas
em Portugal através de Modelos Aditivos Generalizados (Generalized Additive Models —
GAMs). Com base em dados meteoroldgicos do IPMA e em registos de seguros agri-
colas do IFAP, este trabalho avalia os efeitos das varidveis climaticas sobre as tarifas de
seguro, a bonificagdo sobre o prémio comercial (BoCP) e as indemnizacdes, tendo em
consideracdo a heterogeneidade entre regides tarifarias e grupos de culturas. Os resul-
tados mostram que os GAMs captam eficazmente os efeitos ndo lineares das condi¢des
climdticas sobre a tarifacdo dos seguros e o apoio publico, enquanto as indemnizacdes
sdo apenas fracamente explicadas pelas varidveis climaticas consideradas, sugerindo a in-
fluéncia de fatores adicionais de natureza ndo climdtica. A andlise revela ainda diferencas
significativas entre regides tarifarias e grupos de culturas, verificando-se que a modelacdo
separada das vinhas melhora, em geral, o desempenho dos modelos. De um modo geral,
os resultados demonstram que as condi¢des climdticas constituem determinantes impor-
tantes do sistema portugués de seguros agricolas e confirmam a adequac¢do dos GAMs

para modelar relagdes complexas entre o clima e os seguros agricolas.

Palavras-chave: alteragcdes climaticas; seguros agricolas; Modelos Aditivos Generaliza-

dos (GAMs); risco climético; Portugal.
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1 INTRODUCTION

Climate change refers to long-term alterations in temperature patterns and climatic
conditions. Although such variations may occur naturally, resulting from factors such
as changes in solar activity or major volcanic eruptions, human activities have become
the primary driver since the 18th century (United Nations, 2021). In particular, the
widespread combustion of fossil fuels, including coal, oil, and natural gas, has signifi-
cantly contributed to the increase in greenhouse gas concentrations and, consequently, to
global warming (United Nations, 2021). As a global phenomenon, climate change is a
significant threat, affecting all regions of the planet. Its impacts manifest across different
dimensions of society, including the environment, the economy, and social and territorial

organization (European Commission, 2025).

According to the United Nations Office for Disaster Risk Reduction, the number of
climate-related disasters and the associated material damage between 2000 and 2019 were
approximately 1.8 times higher than those recorded in the previous two decades, reinforc-
ing the persistent threat posed by climate-related hazards (UNDRR and CRED, 2020).

There is broad recognition of the need to act urgently, as the absence of effective mea-
sures may further intensify the severity of these effects (European Commission, 2025).
In recent years, heatwaves and wildfires have become more frequent and more intense,
as documented in the European State of the Climate 2025, which reports record-breaking
heatwaves spanning from the Mediterranean region to the Arctic, together with associated
glacier retreat and reductions in snow cover (Copernicus Climate Change Service (C3S)
and World Meteorological Organization (WMO), 2026). In addition, extreme precipita-
tion episodes and floods have been exacerbated by global warming, which increases the
atmosphere’s moisture-holding capacity by about 7% per 1°C of warming (Faranda et al.,
2022). Recent research also suggests that Arctic warming may be destabilizing the polar
vortex and the jet stream, allowing masses of polar air to move further south into regions
such as the United States and Europe, which could result in more severe and frequent
winters in the future (Woodwell Climate, 2024).

These events pose significant risks to several key sectors of the economy. For in-
stance, driven by climate change, the redistribution of tourist flows may lead to losses of
up to 0.5% of GDP in more exposed regions (Bigano et al., 2008). In addition, sea-level
rise threatens critical infrastructure, with annual costs in Europe estimated at up to EUR
42.5 billion (Bigano et al., 2008). Simultaneously, the rise of a new climate economy
is compelling firms to adapt their business models and production systems more flexibly

in response to unprecedented volatility and disruptions in global supply chains caused by



these extreme events (Saura et al., 2023). Beyond these direct economic effects, the inten-
sification of extreme events also has important social consequences, particularly through
forced human mobility. According to International Federation of Red Cross and Red Cres-
cent Societies (2021), approximately 98% of internal displacements caused by disasters

in 2020 occurred in the context of meteorological and climate-related hazards.

In Portugal, these pressures are already manifest across several sectors, with tourism
serving as a primary example of this growing exposure. Driven by rising temperatures,
tourist arrivals are estimated to decrease by between 2.5% and 5.2%, a shift that could
translate into losses of up to 0.40% of GDP and approximately 19,600 jobs (Pintassilgo
et al., 2016). This sectoral decline is further exacerbated by a loss of national competitive-
ness as new destinations with milder climates emerge (Pintassilgo et al., 2016). Conse-
quently, European assessments identify Portugal as one of the nations most vulnerable to
climate change, already experiencing significant impacts in a context where global aver-
age temperatures have risen by approximately 1°C above pre-industrial levels (Schleuss-
ner et al., 2020). Taken together, these pressures reinforce the urgent need for adaptation

and mitigation strategies to address climate change (Anita et al., 2010).

In recent years, the international community has witnessed an increasing instability
in agri-food supply chains, reinforcing the importance of food security as a priority on
the global climate agenda (Jensen and Hourdin, 2025). The Intergovernmental Panel on
Climate Change (IPCC) states that climate change is already affecting food security, due
to rising temperatures, changing precipitation patterns, and the increased frequency of
extreme events (Mbow et al., 2019). In Europe, although the region displays relatively low
levels of food insecurity in global terms compared with other parts of the world, climate
change has been intensifying concerns related to economic accessibility, availability, and
quality of food products. In July 2025, approximately 8% of the European population
faced moderate to severe food insecurity, with the most socio-economically vulnerable
groups and some Eastern European countries being the most affected. It is also estimated
that climate change has already contributed to worsening the food insecurity of around 12

million Europeans (Jensen and Hourdin, 2025).

InJensen and Hourdin (2025), climate projections indicate that, by 2070, major changes
in European climate zones are likely to alter agricultural conditions across the continent.
While elevated CO, concentrations can, in certain contexts, enhance yield through stimu-
lation of photosynthesis and reduced water loss, these gains may be offset by declines in
the nutritional quality of harvested crops, particularly in protein, zinc, and iron content.
In Portugal, as noted in Assuncdo et al. (2018), one of the impacts of climate change on

food is the increased risk of aflatoxin contamination, which consists of naturally occur-



ring mycotoxins produced by fungi. Rising temperatures and drought create favorable
conditions for their proliferation, making this issue particularly relevant for food security

in staple crops such as maize and wheat.

Agriculture is among the sectors most vulnerable to contemporary climatic change,
as production depends heavily on climatic stability and favorable atmospheric conditions
(Grigorieva et al., 2023). This vulnerability is already reflected in the empirical literature,
with recent meta-analytic evidence showing that climatic instability leads to measurable

declines in agricultural productivity and income (Hussen et al., 2026).

These impacts extend to the macroeconomic level, where agriculture operates as a
principal channel for supply-side shocks, leading to shortages of inputs and increased
volatility in food commodity prices (Batten, 2018). Temperature increases of between
3°C and 5°C could raise agricultural prices by up to 40%, while natural disasters may
cause immediate losses of physical capital, infrastructure, and biological assets, some-

times resulting in a permanent reduction in GDP (Batten, 2018).

Beyond these aggregate effects, the Mediterranean region stands out as a critical
hotspot, with climate projections signaling yield losses that are unprecedented within the
European context (Valverde et al., 2015). It is projected that staple crops such as maize
and wheat may experience yield reductions of up to 50% and 75%, respectively, due to
increased climatic variability and reduced precipitation (Valverde et al., 2015). For ex-
ample, in the Guadiana basin, irrigation water requirements are expected to increase by
between 15% and 20% by 2050, exacerbating the imbalance between water supply and

demand and threatening the economic viability of farms (Valverde et al., 2015).

This scenario is further aggravated by projected changes in thermal conditions, which
indicate a general increase in heat accumulation and a significant reduction in winter chill-
ing (Santos et al., 2017). These changes pose a major challenge for the development of
species such as chestnut, apple, and cherry, with southern inland Portugal identified as the
most vulnerable region, where the viability of these crops may be seriously compromised
(Santos et al., 2017).

In the viticulture sector in Portugal, the earlier onset of phenological stages, driven
by higher temperatures, exposes vineyards to new risks such as late frosts and extreme
heatwaves during critical periods, resulting in substantial year-to-year variability in pro-
duction (Fraga et al., 2017).

Climate change and the increasing severity of extreme weather events have placed
unprecedented pressure on nature-dependent sectors such as agriculture. Europe has re-

cently witnessed a critical transition: from isolated and temporary economic losses to a



structural upward trend in damages (Manescu et al., 2025). This emerging pattern is ev-
idenced by the fact that the period between 2021 and 2023 recorded the highest annual
loss values of recent decades, with cumulative damage amounting to approximately USD
162 billion, representing 22% of all losses recorded since 1980 (Manescu et al., 2025).
Against this background, agricultural insurance becomes an increasingly important mech-
anism for managing climate-related risk. Climate change, by increasing the frequency and
severity of adverse events, reinforces the fundamental role of agricultural insurance as a
risk-transfer mechanism, allowing producers to replace the uncertainty of catastrophic
losses with a fixed and manageable cost (Chatterjee and Oza, 2017). This tool is particu-
larly vital given that agriculture is a high-risk activity, exposed to uncontrollable variables
that can compromise the economic viability of farms (Chatterjee and Oza, 2017; Wang
etal., 2011).

Among the key functions of agricultural insurance is its role in supporting farmers in
maintaining economic stability through compensation mechanisms that promote continu-
ity of production following losses (Wang et al., 2011). By providing liquid capital after
a loss event, insurance helps prevent farmers from falling into a cycle of poverty, while
also reducing the need for them to sell productive assets to cover damage (Alam et al.,
2020). Insurance also acts as an investment promoter, since holding a policy increases
the confidence of financial institutions, thereby facilitating access to formal credit (Alam
et al., 2020).

In several countries, agricultural insurance systems are based on risk-sharing mod-
els between the public and private sectors, using subsidisation mechanisms aimed at in-
creasing farmers’ protection against extreme climatic events. In the United States, the
Federal Crop Insurance Program operates through a public—private partnership in which
the federal government covers a substantial share of premium costs, with average subsi-
dies ranging between 60% and 65%, enabling high participation rates in the programme
(Smith et al., 2016). However, this model entails high administrative costs associated with

its extensive coverage.

In Spain, the system is likewise based on a mixed model involving the state, private
insurance companies, and farmers’ organizations. Public support for premiums is more
moderate, generally ranging between 20% and 45%, reflecting a greater sharing of risk

by agricultural producers (Garrido and Zilberman, 2008).

In Portugal, public support for agricultural insurance is implemented by the Institute
for the Financing of Agriculture and Fisheries (IFAP) through specific schemes, namely
Crop Insurance (SC) and Viticulture Crop Insurance (SVC), which progressively replaced
the former Integrated Weather Protection System (SIPAC), in force between 1996 and



2013. The Portuguese support scheme is based on the partial subsidisation of insurance
premiums, reducing the cost of coverage borne by farmers and increasing the resilience
of the agricultural sector to adverse climatic events (IFAP — Instituto de Financiamento
da Agricultura e Pescas, 1. P., 2026).

Within the scope of agricultural insurance in Portugal, SC can reach up to 70% of
the premium value, varying according to the type of farmer, insurance history, and pol-
icy type. This system aims to protect production against losses resulting from adverse
weather events such as hail, frost, fires, tornadoes, waterspouts, and persistent rainfall,
among others. In turn, SVC is exclusively intended for wine grape producers and may
benefit from a subsidy of between 75% and 80% of the insurance premium when cover-
age includes climate risks classified as equivalent to natural disasters (IFAP — Instituto de

Financiamento da Agricultura e Pescas, 1. P., 2026).

Compared with other countries, the Portuguese model presents relatively high levels
of subsidisation in certain cases, particularly in the viticulture sector, reflecting the eco-
nomic importance of agriculture and the growing need to adapt to climate change (IFAP

— Instituto de Financiamento da Agricultura e Pescas, 1. P., 2026).

Manescu et al. (2025) highlight that the insurance market has often responded in a
reactive and lagged manner, with variations in crop insurance premiums tending to follow
losses with a delay of one to two years. This temporal gap undermines the immediate ef-
fectiveness of support systems, reinforcing the need for insurance strategies and contracts
to be grounded in robust scientific evidence (Flora, 2022). Specifically, this requires mov-
ing beyond traditional models that oversimplify climate impacts and often fail to capture
the complex biophysical responses and climatic tipping points that drive insurance losses
(Manescu et al., 2025).

Flora (2022) corroborates the need for greater methodological sophistication by inves-
tigating the relationships between climatic variables and the agricultural insurance sector
in Portugal through linear regression models. The research demonstrated that the explana-
tory power of these frameworks is significantly enhanced by the inclusion of non-linear
components, particularly quadratic relationships. Specifically, it was shown that met-
rics such as insurance tariffs and the proportion of claims per contract are modeled with
greater accuracy when variables like the frequency of extreme precipitation (DATRE) are
included quadratically. This methodological approach led to a substantial improvement

in the models’ R2.

Given that the dependent variables under study are better represented when non-linear
effects are taken into account, this work investigates the relationship between climate

dynamics and the agricultural insurance sector using a modelling framework capable of



capturing such complexity. Specifically, it analyzes climatic and agricultural insurance
data from Portugal to assess how recent climatic changes have influenced this line of busi-
ness. This study extends Flora (2022) by adopting Generalized Additive Models (GAMs),
which provide a more flexible framework for capturing the complex non-linear relation-

ships between climate and insurance variables.

Based on the existing literature, this work presents a coherent model selection method-
ology using GAMs for explaining the dependent variables. The results demonstrate that
these models exhibit superior performance compared to linear regression models, ex-
plaining a substantially higher proportion of the data’s variability. Specifically, the results
indicate that climatic variables explain public support and tariffs in a robust and non-
linear manner, whereas indemnities are less effectively explained by the climatic factors

considered.

The remainder of this dissertation is organized as follows. Section 2 describes the
data. Section 3 outlines the methodology. Section 4 presents and discusses the empirical

results, together with an evaluation of model performance. Finally, Section 5 concludes.

2 DATA DESCRIPTION

To study how climate affects agricultural insurance outcomes, this dissertation com-
bines meteorological records from the Portuguese Institute for Sea and Atmosphere (IPMA)
with agricultural insurance data from IFAP. The climatic component of the database is
based on meteorological observations collected by IPMA, the institution responsible for

monitoring and disseminating weather information in Portugal.

The climatic database used in this study comprises observations from 58 automatic
weather stations covering the period between 1996 and 2025, although data availability
varies across stations and not all provide complete records for the entire period. The
original observations were recorded at an hourly frequency and subsequently aggregated

into daily climatic indicators.

For each station and day, as Flora (2022), the maximum temperature (7},,,) was de-
fined as the highest hourly temperature recorded within the 24-hour period, while the
minimum temperature (7;,;,) corresponded to the lowest hourly temperature observation.
Daily wind conditions were represented by the maximum wind speed (IWpecq), computed
as the average of the hourly maximum wind-speed measurements recorded throughout
the day. Total daily precipitation ([2;.,;) Was calculated as the sum of hourly precipitation
amounts over the corresponding 24-hour period. These variables were selected because

they capture the climatic dimensions most closely linked to agricultural productivity and



insured losses (Vogel et al., 2021; Niu et al., 2016).

The resulting dataset provides a detailed record of daily weather conditions spanning
up to 29 years, thereby enabling the investigation of long-term relationships between

climatic variability and agricultural insurance outcomes.

Prior to the construction of the climatic indicators, a data-cleaning procedure was un-
dertaken to ensure the quality and consistency of the observations. Values falling outside
physically plausible ranges were identified, recoded as missing, and excluded from sub-
sequent analyses. The cleaned daily series were then aggregated to derive annual climatic
indicators for each weather station and year. These annual measures constitute the basis

for the empirical analysis presented in the following sections.

For each climatic variable (15,in, Trmaz, Fiotar, and Wpeeq), three types of annual indi-
cators were computed. First, annual extremes were obtained through the yearly minimum
and maximum values. Second, the first and third quartiles of the annual distribution were
calculated to describe within-year variability. Third, frequency-based indicators were de-
fined by counting the number of days in each year in which the variable was above the
annual third quartile or below the annual first quartile. In this way, the daily climate
information was converted into annual measures of climatic intensity, dispersion, and

extreme-event frequency.

Table I summarizes the annual climatic indicators used as independent variables in the
analysis. These variables were constructed from the cleaned daily observations for each

station and year.



TABLE I: Definition of the Independent Variables (adapted from Flora (2022))

Category Variable Name Description Acronym

Frequency Days_above_threshold_x Number of days per year ex- DATx
ceeding the third quartile of x.

Days_under_threshold_x Number of days per year be- DUTx

low the first quartile of x.

Absolute min_ x Annual minimum value Minx
recorded for x, calculated per

region and year.

max_x Annual maximum = value Maxx
recorded for x, calculated per

region and year.

Distribution fst_qgtl_x_year First quartile of x’s annual dis-  Fstx
tribution within each region

and year.

trd_qgqtl_x_year Third quartile of x’s annual Trdx
distribution within each region

and year.

Note: The suffix « denotes the climatic dimensions Ryota1, Trmins Tmaz> and Wepeeq.

The dependent variables capture three complementary dimensions of the agricultural
insurance market: pricing, public support, and realized losses. Specifically, Tariffs mea-
sure the premium charged by insurance companies per unit of insured capital, the bonus
over commercial prize (BoCP) captures the share of the commercial prize financed by the
State, and Indemnities represent the total amount paid by insurers in the event of loss.
In addition, meteorological variables were introduced with a one-year lag, while tariffs
remained the dependent variable in year ¢. This means that the climatic conditions of
the previous year (¢t — 1) were used to explain the tariff level of the current year, rather
than contemporaneous weather conditions. This specification reflects the assumption that
insurance pricing may be influenced by recent climatic history, given that tariffs are set a
priori and may incorporate information from the most recently observed meteorological

period.



TABLE II: Definition of the Dependent Variables (adapted from Flora (2022))

Category Variable Name Description Acronym

Pricing Tariffs The price per unit insured, paid to  Tariffs

the insurance companies.

Public support Bonus over The proportion of what is paid BoCP
Commercial by the State as part of the total
Prize amount of Commercial Prize that

the Insurance companies receive.

Losses Indemnities Total amount paid by insurance Indemnities

companies in case of incidents.

The insurance component of the analysis is based on administrative records provided
by IFAP. The database includes information on insurance contracts and public support, in-
sured capital, commercial prize, applied tariffs, public subsidies, indemnities paid, and, in
some cases, the causes of loss. It should be noted that the year 2018 contained incomplete
information. In this year, the data were utilized only when possible. Whenever the infor-
mation was insufficient to ensure the integrity of the analysis, those specific observations

were excluded from the study. !

Following the introduction of these variables, a data cleaning and standardization pro-
cess was conducted. A key concern was ensuring that all financial records were com-
parable across the study period. To achieve this, all monetary values were expressed in
constant 2023 euros. This transformation was performed using the official conversion tool
provided by the National Statistics Institute (INE)?, the central authority for Portuguese
official statistics. The conversion utilized the average Consumer Price Index (IPC) for
Mainland Portugal, allowing for a consistent analysis that accounts for inflation and the
historical transition from Escudos to Euros in older records. Furthermore, the data span
different institutional settings over time, from the SIPAC framework to the later Crop
Insurance and Viticulture Crop Insurance schemes, thereby reflecting the evolution of

agricultural risk management policies in Portugal.

Public intervention in the Portuguese agricultural insurance market has evolved through
several distinct legal frameworks, moving from the largely ineffective pre-1980 schemes

to the more structured systems later co-financed by the European Union (Coelho, 2024).

'In all graphical representations presented in this section, no aggregated value is reported for 2018.
Since the data for that year are incomplete, displaying an aggregated value could be misleading.
2The official INE conversion tool for the Consumer Price Index can be found at: here


https://www.ine.pt/ine/ipc/ipc_b_novo.jsp?opc1=05|A

In this process, SIPAC, established in 1996, marked the first major institutional reform
of the sector (Coelho, 2024). It was built upon three fundamental pillars: subsidized
crop insurance to encourage uptake, a calamity fund to compensate for non-insurable
risks, and a public reinsurance mechanism to support insurance companies during years
of excessive claims (Coelho, 2024). Exclusively funded by national budgets, SIPAC ini-
tially achieved significant success, covering 28% of the cultivated area by 1999 (Coelho,
2024). However, its effectiveness waned over time as subsidy levels decreased and the
calamity fund shifted from direct compensation toward credit lines. A subsequent shift
began in 2012 with the introduction of the SVC, followed by SC in 2014, marking a tran-
sition toward a more rational approach to subsidy allocation integrated into the European
Union’s co-financing framework (Coelho, 2024). The new framework replaced the ex-
clusively state-funded approach with a system that conditions support on the existence
of active insurance contracts and broadens coverage to include additional climate-related
risks (Coelho, 2024).

The evolution of the Portuguese agricultural insurance market suggests an increasing
role of insurance in the management of climatic risk. As illustrated in Figure 1a, insured
capital displays a marked increase in recent years, especially after 2016, although the
series remains characterized by considerable year-to-year volatility. This pattern is con-
sistent with other European Countries, such as Spain, where insured capital has reached
successive historical highs for eleven consecutive years, peaking at €19.36 billion in 2025
(Entidad Estatal de Seguros Agrarios (ENESA), 2026). After reaching relatively high lev-
els of insured capital in the late 1990s, it declined in the early 2000s, before recovering
in the following years. From 2016 onward, however, insured capital increased steadily,
rising from approximately EUR 140 million to around EUR 255 million in 2023, cor-
responding to an increase of 82.1%. This suggests a renewed expansion in the use of
insurance as part of agricultural risk management, possibly reflecting greater awareness
of climate-related risks and the role of insurance as an adaptation mechanism to meteoro-
logical shocks (Roberts, 2005).
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FIGURE 1: The top panel illustrates the temporal evolution of insured capital, expressed
in millions of euros, over the period 1997-2023. The bottom panel presents the temporal
evolution of indemnities, also expressed in millions of euros, over the same period.
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FIGURE 2: Temporal evolution of loss ratio, over the period 1997-2023.

Figure 1b shows that indemnities have increased in the period 1997-2023, although
there is substantial year to year variation. Indemnities were relatively low in the late
1990s before increasing sharply to about EUR 9.5 million in 2002 and then falling again
to approximately EUR 2.2 million in 2003. The series continued to fluctuate in the fol-
lowing years, peaking at roughly EUR 11.5 million in 2021 and finishing the series with
indemnity values around 9 million. The joint evolution of insured capital and indemnities
should be interpreted with caution, as it may reflect not only changes in exposure and
climatic conditions, but also shifts in insurance penetration, coverage levels, and contract
structure.

Figure 2 presents the loss ratio, defined as indemnities relative to insured capital. The
series exhibits a clear upward trend over the period, increasing from around 1% in 1997
to approximately 10% in 2023. This increase is accompanied by substantial year-to-year
volatility, with several distinct peaks, the highest occurring in 2017. This suggests that

climatic losses continued to generate episodic pressure on the insurance system.

Overall, the evidence is consistent with a market that is becoming increasingly rele-
vant for agricultural risk management, although it does not on its own show that damages
have become more frequent or more severe in financial terms. Rather, the combination
of rising insured capital and a volatile loss ratio suggests a sector that is expanding in

coverage while still facing substantial climatic uncertainty.

Over the long term, as shown in Figure 3a, average tariffs exhibit a broad upward
trajectory, indicating that insurers have progressively incorporated higher expected losses

into premium calculations. In particular, average tariffs increased from approximately

12



0.05 in 1997 to around 0.183 in 2023, corresponding to an increase of roughly 266% over
the period, and reached their highest level in 2015 at approximately 0.195.

The functioning of the agricultural insurance market cannot be fully understood with-
out considering the role of public intervention. Figure 3b shows that the share of insurance
costs financed through public support declined from about 80% in 1997 to about 55% in
2023, a decrease of approximately 25 percentage points. This suggests a gradual reduc-

tion in the State’s relative contribution to the financing of agricultural insurance contracts.

At the same time, the relatively low average tariff levels observed at the beginning of
the period, together with the high share of insurance costs financed through public sup-
port, may help explain the substantial levels of insured capital recorded throughout the
1990s. As shown in Figure 3a, the average tariff in 1997 was the lowest in the entire his-
torical series (approximately 0.05), while public support, as shown in Figure 3b, covered
around 80% of insurance costs in that same year. This combination likely reduced the

effective cost of coverage and encouraged early participation in the SIPAC scheme.

13
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(a) Annual evolution of insurance tariffs
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FIGURE 3: Panel (a) presents the annual evolution of insurance tariffs, represented by the
average tariff by year, over the period 1997-2023. Panel (b) shows the evolution of the
Bonus over Commercial Prize over the same period.

The result of this growth in average tariffs, coupled with the simultaneous decline in
the insurance costs financed through public support, is reflected in farmers’ payments.
Figure 4 represents the evolution of the insurance payment supported by the farmers. It
shows that the amount paid by farmers has increased substantially over time, with a par-
ticularly pronounced rise in the most recent years of the sample. This pattern provides
direct empirical support for the view that producers are bearing a growing share of insur-
ance costs. In this context, this greater financial burden may reduce the affordability and

attractiveness of insurance coverage. Ultimately, it may also place additional pressure on
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the long-term resilience of the sector, particularly for smaller producers with more limited
financial capacity.

Farmers Payment (M€)
>

FIGURE 4: Annual evolution of farmers’ payments, calculated as commercial prize minus
bonus, for the period 1997-2023.

While aggregate trends provide valuable information about the evolution of the sec-
tor, understanding the nature of insured losses requires a closer examination of the specific
climatic events generating claims, such as hail, frost, fire, lightning and explosion, persis-
tent rain, sunburn or sun exposure, tornado, waterspout, poor fruit set, lightning strike and
explosion, snowfall and other causes. As revealed in Figure 5, hail and frost are by far the
most recurrent causes of insured losses, accounting for 1,613 and 1,571 observations, re-
spectively. The third most frequent cause, fire, lightning and explosion, is reported far less
often, with 336 observations. Therefore, the prevalence of hail and frost highlights their
central role as the main drivers of insured losses in the Portuguese agricultural insurance
market.

15
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FIGURE 5: Frequency of claim causes for the period 1997-2023 across all tariff regions.

The frequency of occurrence alone does not fully capture the economic consequences
of different climatic events. Some hazards occur relatively often but generate moderate
losses, whereas others are less frequent yet produce substantial financial impacts when
they materialize. This distinction becomes evident in Figure 6, which shows that causes
such as sunburn or sun exposure and waterspout are associated with high average in-
demnity payments per claim. Although less frequent than hail or frost, these events can

generate considerably larger losses at the individual claim level.

It is important to highlight that the frequency of sunburn or sun exposure recorded
in the historical data likely reflects an administrative reporting bias rather than the true
occurrence of the hazard. Until the issuance of Ministerial Order No. 92/2025/1, dated 10
March 2025%, SVC only provided indemnities for sunburn or sun exposure when losses
exceeded 20% of the total production. As a result of this threshold, many heat-related
losses were absent from official statistics because damages below the minimum level did

not qualify for claims.

Consequently, the information currently observed for sunburn or sun exposure in Fig-
ure 6 is likely driven by a reporting bias introduced by the former regulation, under which
only large-loss events were eligible for compensation. Future records are therefore ex-

pected to show a marked increase in the frequency of sunburn claims.

3 Available at the official Didrio da Repiiblica portal: here
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FIGURE 6: Annual average indemnity by claim cause, computed for the period
1997-2023 and across all tariff regions.

The interaction between frequency and severity is summarized in Figure 7. It shows
that frost and hail stand out as the most important hazards, since they occur often and
are associated with the highest indemnities. It also shows that hazards such as sunburn
or sun exposure and waterspout, although less frequent, can still produce sizeable losses,

confirming that low-probability events may have a major financial impact.
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FIGURE 7: Frequency versus severity of insurance claims. The bubble size represents
total indemnities.

Agricultural risk is not uniformly distributed across Portugal. To account for these

differences, the country is divided into five administrative tariff regions (A to E), because

17



official regulations recognize that the probability of loss and the degree of risk are not the
same across the country, as established in Ministerial Order No. 388/99, dated 27 May
1999*. These regions follow district boundaries to reflect local risk profiles, allowing the
insurance system to set specific prices and state compensation levels that match the actual

risk of each zone. These tariff regions include :

Region A: Faro, Lisbon, and Settbal.

Region B: Sesimbra, Santarém, Setubal, and Viana do Castelo.

Region C: Setubal and Santarém.

Region D: Aveiro, Braga, Braganca, Castelo Branco, Coimbra, Vila Real and Viseu.

Region E: Braganca, Guarda, Vila Real, Viseu, Castelo Branco, and Coimbra.

4 Available at the official Didrio da Reptiblica portal: here

SSome districts appear in more than one tariff region because the classification is determined at the
county level. Consequently, counties within the same district may belong to different tariff regions. An
illustrative table of this distribution by county is available in Flora (2022).

18


https://diariodarepublica.pt/dr/detalhe/portaria/388-1999-316922

2161.7M€

1400M€

B - .

500 1000 1500 2000
Insured Capital (M€)

(a) Total Insured Capital by Tariff Region

109.3M€

m

22.6M€

o

14.7M€

e}

9.9M€

@

3.7M€

>

)

25 50 75 100 125
Indemnities (M€)

(b) Total Insurance Indemnities by Tariff Region

FIGURE 8: Regional aggregation of insured capital and insurance indemnities across tariff
regions, 1997-2023. Panel (a) shows total insured capital accumulated over the period by
tariff region, and panel (b) shows total insurance indemnities accumulated over the period
by tariff region.

Figure 8 shows that the regional aggregation of insured capital differs markedly from
the aggregation of indemnity payments, pointing to significant spatial variation in the
relationship between exposure and losses. Although Region C accounts for the largest
volume of insured capital (approximately EUR 2.16 billion), it generated only EUR 14.7
million in indemnity payments over the study period. In contrast, Region E, with a lower
insured capital (EUR 1.40 billion), recorded the highest indemnities (EUR 109.3 million).
Consistent with this pattern, Figure 9a shows that, despite high volatility, the three tariff
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regions displayed exhibit an overall upward trend in the loss ratio over time. Figure 9b
shows that Region C exhibits the lowest average loss ratio (3.1%), while Regions D and
E display substantially higher values, reaching 9.8% and 11.2%, respectively. These find-
ings suggest that the relationship between insured exposure and indemnities is highly
heterogeneous across regions, reflecting differences in climatic hazard intensity, crop vul-

nerability, and the composition of insured agricultural production.
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FIGURE 9: Evolution and average level of the loss ratio across tariff regions C, D, and E
over the period 1997-2023.

Overall, the descriptive evidence indicates that the agricultural sector is facing in-

creasing climatic and financial pressures. Three main patterns support this conclusion.
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First, farmers appear to be increasingly concerned about potential losses, as reflected in
the expansion of insured capital, which reached record levels in recent years. Second,
indemnities increased over the sample period, while the loss ratio exhibited a clear pos-
itive trend, rising from around 1% in 1997 to approximately 10% in 2023. Third, these
developments occurred alongside a relative decline in public support, with the share of in-
surance costs financed by the State decreasing from about 80% in 1997 to approximately
55% in 2023.

3 METHODOLOGY

In this work, we use GAMs to study the relationship between insurance and public
aid data on the agricultural sector and climate data. GAMs extend Generalized Linear
Models (GLMs) by allowing the effects of predictors to be represented through smooth
functions estimated from the data, rather than through strictly linear relationships (Wood,
2025). In this way, GAMs retain the structure of GLMs while introducing flexibility for
modelling non-linear relationships (Wood, 2017, Cap. 4). As in GLMs, a link function
is used to relate the mean of the dependent variable to the predictors (Baayen and Linke,
2020).

Let Y be the response variable and X1, ..., X, the explanatory variables. The condi-
tional mean structure of the model is specified as Hastie and Tibshirani (1986):

p
gEY | X1, X)) =s0+ Y s;(X)), (1)
j=1

where ¢(-) is the link function, s is the intercept, and s;(-) are non-parametric smooth
functions. For the models estimated in this study, ¢(-) is the identity function and a Gaus-
sian family is assumed, although GAMs can be estimated under alternative distributions.
The smooth functions are represented using a basis of known functions, which can be
expressed as (Wood, 2017, Cap. 4):

k

fl@) =) bi(x)p;, 2

j=1
where b;(x) are the basis functions and j; are the parameters to be estimated. Splines
(such as cubic splines or thin-plate splines) are the most commonly used basis functions
because of their ability to approximate complex functions with low error (Wood, 2017,

Cap. 5). In this study, thin-plate splines were used.
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To prevent the function from adapting excessively to the data and thereby avoiding
overfitting, we penalized the regression (Wood, 2017, Cap. 4). The objective is to min-
imize the function C/, defined below, which balances goodness of fit and smoothness
(Hastie and Tibshirani, 1986):

n

Cr =" (i~ f@) +A [ (@) do ®
i=1

In this expression, the first term represents data fidelity, while the second term pe-
nalizes the “wiggliness” of the function, measured by the integral of the squared second
derivative (Hastie and Tibshirani, 1986). The smoothing parameter A controls the trade-
off between these two components: as A — oo, the penalty dominates and the resulting
function approaches a straight line, when A = 0, the penalty vanishes and the function
interpolates the data (Hastie and Tibshirani, 1986). The optimal value of A is estimated
from the data using statistical criteria such as Generalized Cross-Validation (GCV) or
Restricted Maximum Likelihood (REML) (Wood, 2017, Cap. 4). The GCV criterion
is based on minimizing the prediction error, functioning as a computationally efficient
approximation to leave-one-out cross-validation (Simpson, 2018). In contrast, REML
adopts a likelihood-based approach, treating smooth functions as random effects and the

smoothing parameter A as a variance component to be estimated (Wood, 2011).

The modelling strategy was developed in two distinct stages. The first stage consisted
of a diagnostic assessment aimed at evaluating the adequacy of model specification and
the ability of the smooth terms to accurately represent the relationships present in the data.
The second stage, described subsequently, focused on the interpretation and comparison

of models that had successfully passed these diagnostic procedures.

One of the central aspects of the methodology was the evaluation of the basis dimen-
sion (k), a parameter that defines the maximum amount of flexibility available to each
smooth function (Gomez-Rubio, 2018; Pedersen et al., 2019). As noted in the previ-
ous references, the choice of k£ does not directly determine the effective flexibility of the
term but merely establishes an upper limit on that flexibility, with the actual degree of
smoothness being controlled by the model’s smoothing parameters. In this sense, the
basis dimension corresponds to the number of basis functions available and acts as a ceil-
ing for the Effective Degrees of Freedom (EDF), since a smoother cannot exhibit EDF
values greater than k. Thus, an appropriate choice of £ ensures sufficient flexibility to
capture the relationships in the data, while avoiding unnecessarily large values that may
increase computational complexity and introduce unnecessary flexibility (Gomez-Rubio,

2018; Pedersen et al., 2019). For this reason, values of k were selected to be sufficiently

22



large to capture the structure of the data without resorting to excessively large basis di-

mensions (Gomez-Rubio, 2018).

To assess whether the chosen basis dimensions were adequate, the diagnostic proce-
dures implemented in the gam. check () function of the mgcv package in R were used
(Wood, 2017, Cap. 4). Among the diagnostics provided by this function, the adequacy of
the basis dimensions was evaluated using the k-index test (Wood, 2017, Cap. 6). This test
is based on residual analysis and assesses whether the residuals exhibit systematic struc-
ture that has not been captured by the smooth terms, which may indicate that the selected

basis dimension is insufficient (Wood, 2017, Cap. 5).

In this context, a non-significant p-value (p > 0.10) was interpreted as evidence that
the basis dimension was adequate and that increasing k£ was unnecessary. In contrast, a
significant p-value (p < 0.10) could suggest that the flexibility assigned to the smooth

term was insufficient, thereby justifying consideration of larger values of k.

For this diagnostic assessment, the models were fitted using GCV as the smoothing
parameter selection criterion prior to applying the gam. check () procedure. The choice
of GCV is relevant because the outcome of the diagnostic assessment may depend on
the smoothing criterion adopted during model fitting. Compared with likelihood-based
approaches such as REML, GCV generally penalizes model complexity less restrictively,
allowing greater flexibility in the estimation of smooth functions (Simpson, 2018; Wood,
2017, Cap. 6). This characteristic makes GCV particularly useful during the exploratory
stage, as it provides the model with greater freedom to identify potentially complex non-

linear relationships in the data.

The smoothing parameter A controls the trade-off between data fidelity and the penalty
for excessive curvature, as described in Equation (3). In addition to A, the mgcv pack-
age allows the use of an additional penalty factor v, which acts as a multiplier on the
smoothing penalty during the model estimation process. Increasing v above 1 makes the
smoothing selection more conservative (Wood, 2017; Gomez-Rubio, 2018). In this study,
a value of v = 1.5 was used during model estimation, following the recommendation
in the literature that v = 1.5 provides a more parsimonious model while maintaining

adequate flexibility to capture non-linear patterns (Wood, 2017, Cap. 4).

However, it was observed that, in some cases, increasing k failed to improve the diag-
nostic results, even when k was increased to its maximum allowable value, while EDF val-
ues remained virtually unchanged. When this occurred, it was concluded that the model
already possessed sufficient flexibility to represent the functional relationship under anal-
ysis. Consequently, the residual patterns observed were attributed to intrinsic characteris-

tics of the data, namely variance heterogeneity, autocorrelation, or other forms of residual
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structure not explained by the model rather than to an insufficient basis dimension (Pya
and Wood, 2016; Wood, 2017, Cap. 5).

Accordingly, only variables whose smooth terms showed evidence of adequate spec-
ification in the diagnostics produced by the gam.check () function were considered
suitable to advance to the second stage of the analysis. In this way, the initial phase
served as a methodological quality-control mechanism, ensuring that only appropriately
specified models with levels of flexibility compatible with the structure of the data were

subsequently used for interpretation.

Following the preliminary diagnostic phase and validation of basis dimension ade-
quacy, the final models were estimated using the REML method. The adoption of this
approach followed recommendations in the literature, as REML tends to produce more
stable estimates of smoothing parameters and performs well in selecting the appropriate

complexity of smooth terms (Wood, 2011).

During this second stage, the basis dimension was specified at a level sufficiently high
to avoid restricting the flexibility of the smooth terms. In accordance with methodolog-
ical recommendations for GAMs, efforts were made to ensure that the estimated EDF
values remained sufficiently below the maximum limit imposed by k, thereby avoiding
situations in which EDF values approached the basis dimension too closely. Whenever
necessary, progressively larger values of k£ were considered to ensure that the complex-
ity of the smooth functions was determined by the smoothing parameters estimated by

REML rather than by limitations imposed by the basis dimension.

Once the models had been estimated using REML, the focus of the analysis shifted
to the statistical significance of the included terms. A significance level of 10% was
adopted. An iterative model simplification procedure was therefore conducted, whereby
non-significant terms were successively removed. After each removal, the model was re-
estimated, and the model simplification procedure was repeated until a final specification

containing only statistically significant variables was obtained.

After the final models had been defined, their predictive performance was evaluated
using a 10-fold cross-validation procedure. This approach allowed the assessment of
model performance on data not used during estimation, thereby providing a more robust

measure of its generalization ability.

For this purpose, the dataset was randomly divided into ten subsets of approximately
equal size. In each iteration, nine subsets were used for model estimation and the remain-
ing subset was used for testing. This process was repeated ten times, ensuring that every

observation was used once for validation and nine times for estimation.
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At each iteration, the model was re-estimated using the same previously selected spec-
ification, maintaining both the REML estimation method and the parameter v = 1.5. Pre-
dictions generated for the test subset were compared with the observed values of the re-
sponse variable, and two predictive performance metrics were calculated: Mean Squared
Error (MSE) and Root Mean Squared Error (RMSE).

The metrics were subsequently aggregated by taking the average of the results ob-
tained across the ten iterations. Additionally, to facilitate interpretation of the magnitude
of prediction error, a relative RMSE was calculated by dividing the RMSE by the observed
range of the response variable (the difference between the maximum and minimum val-
ues). This measure was also expressed as a percentage, allowing the predictive error of

the model to be evaluated relative to the total variability observed in the data.

The use of cross-validation therefore complemented the statistical evaluation of the
models with an assessment of their predictive performance, providing additional evidence

regarding the robustness and generalizability of the relationships identified.

4 RESULTS

In this section, we estimate the dependent variables reported in Table II, namely Tar-
iffs, BoCP, and Indemnities, using the climatic predictors listed in Table I. As previously
noted, this analysis extends the work developed by Flora (2022), applying GAMs as de-

scribed in the methodology section.

The estimations were carried out using distinct initial model specifications for each
dependent variable. Table III summarizes the climatic predictors included at the starting
point of the modelling process. These initial specifications were defined in accordance
with the modelling strategy adopted by Flora (2022).
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TABLE III: Initial model specifications by dependent variable

Initial climatic specification

Frequency and extreme indicators for precipitation (DAT
and Max for Rtotal), and frequency and extreme indica-
tors for the remaining climatic dimensions (DAT, Min, and

Max for T'min, Tmax, and W speed).

Frequency and distributional indicators for precipitation
(DAT and Trd for Rtotal), together with frequency, ex-
treme, and distributional indicators (DAT, DUT, Min, Max,
Fist, and Trd) for T'min, T'max, and W speed.

Dependent No. of predic-
variable tors
Indemnities 11

BoCP 20

Tariffs 14

Frequency and maximum precipitation indicators (DAT
and Max for Rtotal), and frequency and extreme indica-
tors (DAT, DUT, Min, and Max) for T'min, Tmax, and
W speed.

The results are organized by dependent variable and crop type, and are further dis-

aggregated by tariff region (A—E). Table IV reports the percentage of deviance explained

for each model, considering three crop classifications: all crops, vineyard, and all crops

except vineyard. This structure allows for a systematic comparison of model performance

across regions and crop groups.

TABLE IV: Deviance explained (%) by dependent variable, crop type, and tariff region.

Dependent Variable

Crop type A B C D E

All except vineyard 91.8 89.6 834 948 90.1

BoCP Vineyard 92.1 94.0 59.7 - 76.6
All 773 832 76.0 839 855
All except vineyard 90.5 65.7 16.5 - -

Tariffs Vineyard - 826 - - -
All 382 479 - - -
All except vineyard  — - - - -

Indemnities Vineyard 155 - - - -
All - 120 531 0379 255
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The absence of results for certain regions and crop types in Table IV reflects the
two-stage modelling strategy adopted in this study. Initially, 45 possible models were
considered, resulting from the cross-combination of the three dependent variables, three
crop classifications, and five tariff regions. For regions C, D and E, the higher volume
of observations and the inherent complexity may have posed significant challenges for
the estimation process. This increased data volume potentially contributed to complex
residual structures, which might have hindered the models’ ability to pass the preliminary

diagnostic phase mentioned in the methodology.

The results indicate that model performance differs across dependent variables, crop
types, and tariff regions, with BoCP exhibiting higher explained deviance than Tariffs and
Indemnities. Region C provides a particularly insightful case when comparing crop types
within the BoCP specification. While the models estimated for all crops and all except
vineyard exhibit relatively strong explanatory power (76% and 83.4%, respectively), the
corresponding model for vineyard shows a weaker fit, explaining 59.7% of the deviance.
This difference in performance is also reflected in model complexity, as shown by the
number of statistically significant variables retained in each final model (see Figures 21-
23 in Appendix A). The vineyard model includes 7 significant predictors, whereas the
all crops except vineyard and all crops specifications retain 16 and 17, respectively. This
suggests that, in tariff region C, BoCP in general responds to a wider set of weather
conditions, while the viticulture sector appears to be also driven by additional factors not

included in the model.

In contrast, the indemnity models performed poorly, suggesting that indemnity pay-
ments are only weakly associated with the climatic variables considered, as they also de-
pend on administrative rules, insurance contracts, and payment practices. Moreover, ag-
gregating indemnity payments across insurance companies adds heterogeneity and makes
it harder to identify a clear climatic pattern. In addition to using a GAM with a Gaus-
sian family, we fitted the GAM using a Gamma family with a log link function to assess
whether a more suitable response distribution improved model performance. This specifi-
cation is often more appropriate for indemnity data, as such payments are strictly positive,
and typically exhibit a right-skewed distribution (Goldburd et al., 2016). Nevertheless, the

results remained poor.

The high explained deviance observed for some BoCP and Tariffs specifications may
suggest the presence of overfitting. To ensure the robustness of the results, different steps
of the methodology were implemented. Firstly, the use of a conservative penalty term
(y = 1.5) and a 10-fold cross-validation procedure were implemented to mitigate this

risk. The results presented in Table V, which reports the mean relative RMSE (%) of the
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10-fold cross validation, confirm that the models exhibit limited prediction error relative
to the total variability of the data. Consequently, there is no concerning evidence of

overfitting.

The results of the 10-fold cross-validation are reported only for the BoCP and Tariffs
models, as these specifications achieved satisfactory statistical performance. For com-
pleteness, the Appendix A and Appendix B also presents the cross-validation results for
the specifications including lagged climatic variables. The reported metrics include the
fold identifier (Fold), mean squared error (MSE), root mean squared error (RMSE), rela-
tive RMSE (RMSE_rel), and relative RMSE expressed as a percentage (RMSE_rel_pct).

TABLE V: Mean relative RMSE (%) from 10-fold cross-validation by dependent
variable, crop type and tariff region.

Dependent Variable Crop type A B C D E
All except Vineyard 7.27 11.59 933 1826 4.15

BoCP Vineyard 1538 1595 1594 - 14.66
All 12.25 11.77 824 10.89 5.37

All except Vineyard  6.07 10.59 - - -
Tariffs Vineyard - 11.91 — - -
All 13.85 10.03 — - -

We now look at particular BoCP models that illustrate some of the main findings of
the analysis. We begin with the BoCP model for the all except vineyard crop type in
region E, as it explains a high share of the variance (90.1%) and achieves the lowest mean
relative RMSE (5.37%) in the 10-fold cross-validation.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(Dpays_above_threshold_rtotal, k = 12) +
s(trd_gt1_rtotal_year, k = 12) + s(Days_above_threshold_Tmin,
k = 12) + s(Days_under_threshold_Tmin, k = 12) + s(min_Tmin,
k =12) + s(max_Tmin, k = 12) + s(fst_qtl_Tmir_year, k = 12) +
s(trd_gtl_Tmin_year, k = 12) + s(Days_above_threshold_Tmax,
k = 12) + s(pays_under_threshold_Tmax, k = 12) + s(min_Tmax,
k =12) + s(max_Tmax, k = 12) + s{trd_qtl_Tmax_year, k = 12) +
s(Days_above_threshold_wspeed, k = 12) + s(pays_under_threshold_wspeed,
k =12) + s(min_wspeed, k = 12) + s(max_wspeed, k = 12) +
s(fst_qtl_wspeed_year, k = 12) + s(trd_gtl_wspeed_year, k = 12)

pParametric coefficients:
Estimate Std. Error t value Pr(=|t|)
(Intercept) 0.62731 0.00089 704.8 <2e-16 #¥*

Signif. codes: © ‘#%*' 0,001 ‘**' 0.01 ‘*" Q.05 ‘.’ 0.1 * ' 1

Approximate significance of smooth terms:
edf Rref.df F p-value

s(pays_above_threshold_Rtotal) 7.026 7.706 24.659 < 2e-16 ***
s(trd_qtl_rtotal_year) 8.591 9.074 17.002 < 2e-16 ***
s(Days_above_threshold_Tmin) 9.970 10.307 13.785 < 2e-16 *#%
s(pays_under_threshold_Tmin) 7.460 8.070 10.393 < 2e-16 ##*
s{min_Tmin) 6.513 7.055 19.145 < 2e-16 ¥**
s(max_Tmin) 7.707 8.296 16.228 <« 2e-16 &%
s(fst_qgtl_Tmin_year) 9.568 9.870 9.220 < 2e-16 *#*
s{trd_qgt1_Tmin_year) 8.946 9.370 17.955 < 2e-16 #=*
s(pays_above_threshold_tmax) 3.127 3.577 7.412 3.28e-05 ¥*
s(Days_under_threshold_Tmax) 7.793 8.329 14.840 < 2e-16 %#%
s(min_Tmax) 6.586 7.119 15.5387 < 2e-16 *¥*
s(max_Tmax) 9.733 10.116 50.474 < 2e-16 %%*
s(trd_qt1_Tmax_year) 6.861 7.431 8.252 < 2e-16 w¥*
s(Days_above_threshold_wspeed) 9.754 10.140 13.279 < 2e-16 **¥*
s{Days_under_threshold_wspeed) 10.092 10.397 29,5388 < 2e-16 ##%
s(min_wspeed) 5.448 6.036 21.074 < 2e-16 *#*
s(max_wspeed) 3.958 4.445 8.137 1.06e-06 ¥*¥**
s(fst_qtl_wspeed_year) 8.033 8.649 27.904 < 2e-16 *w¥
s{trd_qt1_wspeed_year) 7.045 7.770 9.613 < 2e-16 *#*

signif. codes: 0 ‘*#*' 0,001 ‘**' 0.01 ‘%" Q.05 ‘.’ 0.1 * ' 1
R-5q. (adj) = 0.889 peviance explained = 90.1%
-REML = -1361.3 Scale est. = 0.0010661 n = 1346

FIGURE 10: GAM results for the BoCP specification excluding vineyard crops in Region
E.

Figure 10 presents the estimated GAM results, reporting the EDF values, Reference
Degrees of Freedom (Ref.df), test statistic, and p-value for each smooth term. The EDF
indicates the complexity of the smooth term (EDF = 1 denotes a linear effect, whereas
EDF > 1 indicates a non-linear effect), while the Ref.df is used as the reference for the
significance tests. The p-values identify which terms contribute statistically to explaining
BoCP. The global fit measures (R-squared and deviance explained) indicate the proportion

of variability explained by the model.

As illustrated in Figure 10, nearly all variables in the initial model are statistically sig-
nificant, confirming their relevance for explaining BoCP. Notably, EDF values are above
one for all smooth terms, confirming the presence of markedly non-linear effects and a
considerable degree of flexibility within the estimated relationships. Figure 11 shows that
BoCP responds differently to the number of days with maximum temperatures above the

usual level (i.e., above the third quartile of the maximum temperature distribution), and
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the effect remains statistically significant in both regions. In region E, the effect follows
a non-monotonic pattern, with an initial positive association that gradually levels off and
becomes negative as the number of heat days increases. In contrast, region D exhibits the
opposite pattern, with an initially negative effect that becomes positive at higher levels of
exposure. The shaded area around the line represents the 95% confidence interval of the
estimated smooth function, which tends to be narrower in regions with a higher concen-
tration of observations, as indicated by the small vertical tick marks displayed along the
lower margin of the plot.
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FIGURE 11:

A similar behaviour is observed in Figure 12 for the Days_above_threshold_Rtotal
variable. In region E, the relationship between the BoCP and the number of days with
above usual rainfall is non-monotonic, initially decreasing, then increasing over interme-
diate values, before declining again at higher levels. In region D, the effect shows a more

sustained increase across the mid-range, reaching a peak at higher values and then slightly
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(b) Smooth Effect of Days_above_threshold_Tmax in Re-
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Estimated smooth effect of Days_above_threshold_Tmax on BoCP
in the all except vineyard specification for region E (panel (a)) and region D (panel (b)).

declining towards the upper end of the distribution.
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FIGURE 12: Estimated smooth effect of Days_above_threshold_Rtotal on
BoCP in the all except vineyard specification for region E (panel(a)) and region D

(panel(b)).

Tariff results are highly sensitive to crop aggregation, with model performance varying
substantially across crop classifications. In tariff region A, this difference is particularly
pronounced, as the deviance explained decreases by more than 50 percentage points when

moving from the all except vineyard specification to the all crops specification.

Figure 13 illustrates that the inclusion of vineyard changes the set of variables in the

32



model. In the all crops specification, tariffs are primarily associated with the frequency
of weather conditions falling outside the interquartile range, specifically the number of
days that are unusually wet, cold, or hot. This pattern is also observed in Figure 14 for
tariff region B in the Tariffs model, suggesting that aggregating vineyards with the other
crops leads the model to retain threshold-based climatic indicators as the main explanatory

variables.
Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(max.Rtotal., k = 6) + s(Days_above_threshold_Tmin,

k = 6) + s(Days_under_threshold_Tmin, k = 6) + s(Days_above_threshold_Tmax,

k = 6) + s(pays_under_threshold_Tmax, k = 6) + s(min. Tmax.,

k = 6) + s(pays_above_threshold_wspeed, k = 6) + s(pays_under_threshold_wspeed,
k = 6) + s(min.wspeed., k = 6) + s(max.wspeed., k = 6)

Parametric coefficients:
eEstimate std. Error t value pr(>|t|)
(Intercept) 0.036449 0.000273 133.5 <2e-16 ¥

signif. codes: 0 ‘***’ 0,001 ‘**' 0.01 ‘*' Q.05 *.” 0.1 ‘' "1

Approximate significance of smooth terms:
edf Ref.df F p-value

s(max.Rtotal.) 2.483 2.918 5,826 0.001802 **
s(Days_above_threshold_Tmin) 1.000 1.000 17.068 8.90e-05 ##**
s(pays_under_threshold_Tmin) 2.827 3.311 11.894 6.43e-07 #%*
s(Days_above_threshold_Tmax) 1.000 1.000 21.148 1.62e-05 #¥*
s(Days_under_threshold_Tmax) 4.229 4.569 11.803 < 2e-16 ***
s(min. Tmax. ) 1.000 1.000 15.484 0.000178 ===
s(Days_above_threshold_wspeed) 3.371 3.908 7.729 4.67e-05 #*%*
s(Dpays_under_threshold_wspeed) 1.000 1.000 18.129 5.69e-05 ***
s(min.wspeed. ) 1.149 1.246 13.652 0.000112 ***
s(max, wspeed. ) 3.584 4.097 12,105 < 2e-16 ***
Ssignif. codes: © o’ 0,001 **’ 0.01 *‘*' 0.05 *." 0.1 ' "1
R-5q. (adj) = 0.879 Deviance explained = 90, 5%

-REML = -209.63 5Scale est. = 7.6002e-06 n = 102

(a) All except vineyard

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_Rtotal, k = 7) + s(Days_above_threshold_tmin,
k = 7) + s(pays_under_threshold_Tmin, k = 7) + s(Days_under_threshold_Tmax,
k =7) + s(max.wspeed., k = 7)

parametric coefficients:
Estimate std. Error t value Pr(=|t|)
(Intercept) 0.0318699 0.0007188 44,34 <2e-16 ¥%¥%

signif. codes: 0 ‘**%' 0,001 ‘**" 0.01 ‘*’ 0.05 ‘.’ 0.1 * "1
Approximate significance of smooth terms:

edf Ref.df F p-value
s(Days_above_threshold_rtotal) 2.226 2.757 6.079 0.00113 **
s (Days_above_threshold_Tmin) 1.000 1.000 7.227 0.00810 **
s(Days_under_threshold_Tmin) 1.040 1.077 3.043 0.08716
s(Days_under_threshold_Tmax) 1.000 1.000 10.108 0.00184 **
s(max.wspeed.) 2.815 3.480 4.850 0.00209 **
Signif. codes: O "***' 0,001 “**’ 0.01 ‘*" 0.05 *.” 0.1 ' "1

rR-sg. (adj) = 0.344 peviance explained = 38.2%
-REML = -274.53 S5cale est. = 7.286e-05 n = 141

(b) All crops

FIGURE 13: GAM results for the Tariffs specification in Region A
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_rtotal, k = 7) + s(Days_under_threshold_tmin,
k =7) + s(min.Tmin., k = 7) + s(Days_above_threshold_Tmax,
7) + s(min.Tmax. , k = 7) + s(max.Tmax., k = 7) + s(Days_above_threshold_wspeed,
7) + s(pays_under_threshold_wspeed, k = 7) + s(min.wspeed.,
7) + s(max.wspeed., k = 7)

k
k
k

parametric coefficients:
Estimate std. Error t value Pr(>|t])
(Intercept) 0.0450939 0.0007292 61.84 <2e-16 *¥**

signif. codes: 0 “«' 0,001 “**' Q.01 ‘*' Q.05 ‘.' Q.1 “ ' 1
Approximate significance of smooth terms:
edf Ref.df F p-value

s(Days_above_threshold_rtotal) 1.548 1.890 17.698 1.47e-05 *¥*
s(pays_under_threshold_Tmin)  1.727 2.146 6.043 0.002086 **
s(min.Tmin.) 2.481 3.048 7.225 0.000103 *¥**
s (Days_above_threshold_Tmax) 4.116 4.852 5.629 7.52e-05 #¥*
s(min. Tmax. ) 3.524 4.214 4.862 0.001088 ¥
s(max. Tmax. ) 1.000 1.001 15.613 0.000104 #¥*¥*
s(Days_above_threshold_wspeed) 3.902 4.493 5.105 0.000503 #¥¥*
s(pays_under_threshold_wspeed) 2.595 3.224 5.161 0.001550 **
s(min.wspeed.) 2.141 2.577 2.508 0.087483 .
s(max. wspeed. ) 4.673 5.074 9.456 < 2e-16 ¥¥*¥
Signif. codes: 0 '¥%*' Q0.001 ‘¥*' 0.01 '*' 0.05 *." 0.1 * "1

R-5q. (adj) = 0.614 peviance explained = 65.7%
-REML = -415.39 sScale est. = 0.0001324 n = 249

(a) All except vineyard

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_rtotal, k = 5) + s(Days_above_threshold_Tmax,

k = 5) + s(max.Tmax., k = 5) + s(Days_above_threshold_wspeed,
k = 5) + s(pays_under_threshold_wspeed, k = 5) + s{max.wspeed.,
k =

parametric coefficients:

Estimate std. Error t value Pr>|t|)
(Intercept) 0.0428464 0.0008253 51.91 <2e-16 *#*
signif. codes: 0 ****' 0.001 “**’ 0.01 ‘*' 0.05 ‘.’ 0.1 * ' 1
Approximate significance of smooth terms:

edf ref.df F  p-value

s(Days_above_threshold_Rtotal) 2.412 2.951 4.285 0.003844 ¥
s(Days_above_threshold_Tmax)  3.705 3.936 15.470 < 2e-16 *¥¥
s{max. Tmax. ) 1.552 1.885 10.360 5.B82e-05 #¥*
s(Days_above_threshold_wspeed) 2.877 3.346 6.960 0.000306 ***
s(Dpays_under_threshold_wspeed) 2.392 2.913 11.918 7.02e-07 ¥
s(max. wspeed.) 1.001 1.001 10.487 0.001346 **

signif. codes: 0 “¥***' 0,001 “**' 0.01 ‘*' 0.05 *." 0.1 * ' 1

R-s5q. (adj) = 0.452 Deviance explained = 47.9%
-REML = -487.04 Scale est. = 0.00019277 n = 283

(b) All crops

FIGURE 14: GAM results for the Tariffs specification in Region B

Given that Tariffs are set a priori based on historical meteorological conditions, the
Tariffs models are also estimated using one-year lagged climatic variables instead of con-
temporaneous climatic variables. This specification uses the same predictors, differing
only in the one-year lag applied to the climatic variables. The use of lagged climatic in-
formation is consistent with the findings of Nadolnyak and Hartarska (2012), who show
that climate variability explains most disaster payments, supporting the use of historical

climate data in agricultural insurance pricing.

Table VI presents the estimation results and the corresponding 10-fold cross-validation
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performance for the Tariffs models using lagged climatic variables, following the same
structure adopted in Table IV and Table V.

TABLE VI: Deviance explained (%) and Mean Relative RMSE (%) from 10-fold cross-
validation for the Tariffs models using lagged climatic variables.

Measure Crop type A B C D E
All except Vineyard 88.9  99.6° - 24.7 -

Deviance )

explained (%) Vlneyard - - — 54.8 654
All 756 96.3 41.7 - -

All except Vineyard 5.89 20.68°  — - -

Mean Relative )
RMSE (%) Vineyard -~ —~ - 1536 15.14

All 9.19 270 16.02 - -

For Tariffs in tariff region A and B, under the all crops specification, the inclusion
of lagged climatic variables leads to a clear improvement in model fit, suggesting that
past weather conditions are more informative than contemporaneous indicators alone.
Overall, tariff region A shows a similar level of complexity in the final model without
lagged variables and in the final model with lagged variables, as both retain a com-
parable number of predictors. In both specifications, Days_above_threshold_Tmin and
Days_under_threshold_Tmin are consistently selected, indicating a common climatic core
associated with tariffs in this region. By contrast, tariff region B displays a clearer increase
in complexity in the lagged specification, as additional variables become relevant, namely
Days_above_threshold_Tmin, Days_under_threshold_Tmin, max_Rtotal, min_Tmin and

min_Tmax. This points to a stronger role for lagged climatic effects in region B.

Having completed this analysis, a robustness check for temporal autocorrelation was
conducted. Specifically, the variable Year was included in the set of predictors to account
for any intrinsic temporal structures or long-term trends that might bias the estimated
climatic effects. The estimation process was refitted for the dependent variables following
the previously established methodology. The results of this analysis are described in
Table VII. Furthermore, the detailed model summaries and the 10-fold cross-validation

results for these specifications are reported in the Appendix C.

The corresponding cross-validation results for this specific region and crop type show highly uneven
performance across folds. This instability suggests that the results should be interpreted with caution, as
they may indicate potential overfitting. Detailed fold-specific metrics are available in the Appendix B.

35



TABLE VII: Deviance explained (%) after including the variable Year, by dependent vari-
able, crop type, and tariff region.

Dependent Variable Crop type A B C D E

All except Vineyard 92.9 84.6 86.9 93.7 89.0
BoCP Vineyard - - 777 - 934
All 75.0 87.8 804 81.8 839

All except Vineyard 90.3 64.0 - - -

Tariffs Vineyard - 90.5 - - -
All 463 539 - 308 -
All except Vineyard 89.8 99.6/ - 308 -

Tariffs (lagged) Vineyard - - - 594 614
All - 96.9 - - -
All except Vineyard — — - - - -

Indemnities Vineyard - - - - 236
All - - 6.08 - 262

The results are omitted in Table VII when: (i) the model failed to pass the initial
diagnostic assessment stage, or (ii) if the variable Year did not prove to be a statistically
significant predictor. The results corroborate the main findings reported in Table IV and
Table VI, indicating that the models’ explanatory power remains stable. For the BoCP
and Tariffs specifications, the deviance explained exhibits only marginal changes after the
inclusion of the variable Year. The only notable exception is in the BoCP specification
for vineyard in tariff region E, where the deviance explained increases by approximately
17 percentage points. In contrast, the Indemnities models consistently demonstrate poor

performance across all tables.

The similarity of these results to those reported in Table IV and Table VI suggests that
no significant time-varying factors have explanatory power, indicating that the estimated

climatic effects are likely not driven by unobserved temporal patterns.

"The corresponding cross-validation results for this specific region and crop type show highly uneven
performance across folds. This instability suggests that the results should be interpreted with caution, as
they may indicate potential overfitting. Detailed fold-specific metrics are available in the Appendix C.
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5 CONCLUSION

This dissertation analyzed the relationship between climatic conditions and the Por-
tuguese agricultural insurance sector using GAMs. Building on Flora (2022), it assessed
whether flexible functional forms better capture the effects of climatic variables on three

insurance outcomes: tariffs, the bonus over the commercial prize, and indemnities.

The descriptive analysis showed that the Portuguese agricultural insurance market has
been facing increasing climatic and financial pressures. Between 1997 and 2023, insured
capital expanded substantially in recent years, indemnities increased, and the loss ratio
exhibited an upward trend. At the same time, the relative contribution of public support

declined, implying a growing financial burden for farmers.

The empirical results confirm the relevance of non-linear climatic effects in explain-
ing agricultural insurance outcomes and public support. Overall, the GAMs achieved
high explanatory power for BoCP and, in several cases, for Tariffs, while the effects
of climatic variables varied across tariff regions and crop groups. Moreover, including
lagged climatic variables improved the performance of some Tariffs models, suggesting

that insurance pricing incorporates information from recent climatic conditions.

In contrast, climatic variables explained indemnities substantially less well than in-
surance pricing and public support. BoCP and Tariffs models achieved high explained
deviance and satisfactory predictive performance under 10-fold cross-validation, whereas
Indemnities models consistently showed low explanatory power. These findings suggest
that indemnity payments are influenced by factors beyond the climatic variables consid-

ered in this study, such as administrative rules, insurance contracts, and payment practices.

Overall, these results demonstrate that climatic conditions are important determinants
of the Portuguese agricultural insurance system and that GAMs provide an effective

framework for capturing their non-linear effects.

As this dissertation directly extends the research conducted by Flora (2022), a com-
parative analysis was performed to evaluate the gains in explanatory power provided by
GAMs relative to linear regression. The results of the linear specifications, corresponding
to the final GAM variables, are summarized in Table VIII.
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TABLE VIII: R? (%) of linear regression models corresponding to the final GAM specifi-
cations, by dependent variable, crop type, and tariff region.

Dependent Variable Crop type A B C D E

All except vineyard 47.26 41.90 36.31 40.59 38.23
BoCP Vineyard 43.69 6529 4257 - 45.63
All 50.75 21.70 36.56 39.98  38.26

All except vineyard 39.24 37.16 5.06 - -

Tariffs Vineyard - 36.00 - - -
All 21.21  36.58 - - -
All except vineyard  62.27  50.56 - 13.19 -

Tariffs (Lagged) Vineyard - - - 30.59  20.47
All 23.82 38.68 30.63 - -

All except vineyard - - - - -
Indemnities Vineyard 0.0121 - - - -
All - 206 1.145 0.03941 1.108

The comparison shows that, although the linear models lead to similar conclusions,
the GAM approach consistently provides better overall performance by explaining a sub-
stantially larger proportion of the variability in the data. This improvement is particularly
evident for BoCP and Tariffs, with the corresponding GAMs frequently achieving ex-
plained deviance above 80%, compared with 21.7% to 65.3% explained deviance for the
respective linear models. These findings indicate that modelling the relationship between
climate and the Portuguese agricultural insurance system as purely linear is not suffi-
cient. For Indemnities, the consistently low explanatory power of both linear and GAM
specifications reinforces the conclusion that indemnity payments are primarily driven by

non-climatic factors.

Future research could extend this analysis by moving to a finer level of granularity,
allowing the application of high-dimensional modelling techniques, such as neural net-
works and other machine learning methods. These approaches could better capture the
complex relationships between climate and agricultural insurance, particularly when us-
ing larger and more disaggregated datasets. Furthermore, their application to predictive
modelling would be of significant value for both policymakers and insurance companies,
supporting more effective risk assessment and strategic decision-making. Finally, future

studies could also incorporate non-climatic factors to explain the variation not captured
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by climate variables alone.
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A  MODELS ESTIMATION IN TABLE IV

Family: gaussian
Link function: identity

Formula:
Bonus_over_comercial_prize ~ s(pays_above_threshold_rtotal, k = 5) +
s(trd_qt1_Rtotal_year, k = 5) + s(min_Tmin, k = 5) + s(fst_qt1_Tmin_year,
k = 5) + s(pays_under_threshold_Tmax, k = 5) + s(min_Tmax,
5) + s(trd_qtl_Tmax_year, k = 5) + s(Days_above_threshold_wspeed,
5) + s(min_wspeed, k = 5) + s(max_wspeed, k = 5) + s(trd_qtl_wspeed_year,
5)

k
k
k

parametric coefficients:
Estimate Std. Error t value Pr(>It|)
(Intercept) 0.537655 0.002274 236.4 <2e-16 ***

signif. codes: 0 “¥&*’' 0.001 ‘*** 0.01 ‘*’ 0.05 ‘.’ 0.1 ' ' 1

Approximate significance of smooth terms:

edf Ref.df F p-value

5(Days_above_threshold_Rrotal) 1.000 1.000 10.082 0.00213 **

s(trd_qt]_Rtotal_year) 2.109 2.524 10.712 0.000L5 *#* Fold MSE RMSE  RMSE_rel RMSE_rel_pct
:E’:;;‘-T't’q"‘)rm ear) i'ggg i'ggg 3§~g§2 Sgg;g ::' 1 1 0.0003460595 0.01860268 0.04247589 4.247589
<(oays under thieshold_Tnax) 1,000 1,000 109,189 < 2e-16 ++* 2 2 0.0009857766 0.03139708 0.07168963 7.168963
sEmig_‘l’m?x) ; 1.000 1.000 30.854 4.79e-07 *** 3 3 0.0002020308 0.01421375 0.03245457 3.245457
s(trd_qt1_Tmax_year 3.220 3.619 12.909 3.37e-07 ***

O o e g 2 S dnon e S 3 0009334551 0.05434574 0.1208880 12,4088
s(min_wspee . . . 741 < 2e-16 Ex . - . .

s (max_wspeed) 2,201 2.617 5.469 0.00294 **

S Soguen oo pen 4
signif. codes: 0 ***' 0.001 “*** 0.01 *** 0.05 *.” 0.1 ' "1 8 8 0.0014392174 0.03793702 0.08662242 8.662242
R-sq.(adi) = 0.897 Deviance explained - 91.8% 9 9 0.0012012925 0.034635967 0.07913917 7.913917
-REML = -87.431 scale est. = 0.00052756 n = 102 10 10 0.0004119586 0.02029676 0.04634404 4.634404

(a) (b)

FIGURE 15: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region A: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_Prize ~ s(Days_above_threshold_Rtotal, k = 3) +
s(pays_above_threshold_Tmin, k = 3) + s(pays_under_threshold_tmin,
k = 3) + s(max_Tmin, k = 3) + s(fst_qul_Tmin_year, k = 3) +
s(Days_above_threshold_Tmax, k = 3) + s(Days_under_threshold_Tmax,
k =3) + s(min_Tmax, k = 3) + s(max_Tmax, k = 3) + s(trd_qul_Tmax_year,
k = 3) + s(pays_under_threshold_wspeed, k = 3) + s(min_wspeed,
k = 3) + s(max_wspeed, k = 3)

parametric coefficients:
Estimate Std. Error t value pPr(>|t]|)
(Intercept) 0.635795  0.006187 102.8 <2e-16 ***
Ssignif. codes: © “¥%*' 0,001 ‘**' 0.01 ‘%" 0.05 ‘.” 0.1 * ' 1

Approximate significance of smooth terms:
edf ref.df F p-value

s{Days_above_threshold_Rtotal) 1.826 1.969 15.44 5.32e-05 **¥
s(pays_above_threshold_Tmin)  1.954 1.997 32.93 5.26e-07 *=*
s(pays_under_threshold_tmin) 1.000 1.000 85.46 < 2e-16 ***
s(max_Tmin) 1.000 1.000 14.28 0.000792 ***
s(FsT_qul_Tmin_year) 1.000 1.000 70.83 < 2e-16 *** Fold MSE RMSE  RMSE_rel RMSE_rel_pct
s(Days_above_threshn}d_'rmax% 1.000 1.000 40.43 1.78e-06 *** 1 1 0.0076434798 0.08742700 0.18762881 18.762881
s(pays_under_threshold Tmax) ~ 1.000 1.000 65.20 < 2e-16 »*» 2 2 0.0053715870 0.07329111 0.15729151  15.729151
b e 11900 100 4553 90mE 3 3 0.0017773504 0.04215863 0.09047748  9.047748
s{trd_qt1_Tmax_year) 1.000 1.000 15.82 0.000471 **% 4 4 0.0007309603 0.02703628 0.05802309 5.802309
SEDRVS—"ME;;““S*'D’d—WSPeEd) T L e 5 5 0.0044068120 0.06638382 0.14246764  14.246764
s(min_wspee: 1.869 1.983 20. . 28e-06 o
s (max_wspeed) 1.961 1.998 41.21 < 2e-16 *** 6 6 0.0118091757 0.10867003 0.23321891 23.321891
— 7 7 0.0033085981 0.05752042 0.12344570 12. 344570
signif. codes: 0 “***' 0.001 “**’ 0.01 **' 0.05 .7 0.1 * ' 1 8 8 0.0101943850 0.10096725 0.21668781 21.668781
R-sq. (adj) = 0.874 Deviance explained = 92.1% 9 9 0.0124459093 0.11156124 0.23942378 23,942378
_REML = 2.0122 Scale est. = 0.0017225 n = 45 10 10 0.0017244425 0.04152641 0.08912065 8.912065

(a) (b)

FIGURE 16: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region A: Vineyard.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_prize ~ s(Days_above_threshold_Rrotal, k = 6) +
s(trd_qtl_Rrtotal_year, k = 6) + s(min_Tmin, k = 6) + s(max_Tmin,
k = 6) + s(pays_above_threshold_Tmax, k = 6) + s(Days_under_threshold_Tmax,
k = 6) + s(min_Tmax, k = 6) + s(trd_qt1_Tmax_year, k = 6) +

(pays_above_threshold_wspeed, k = 6) + s(Days_under_threshold_Wspeed,

6) + s(min_wspeed, k = 6) + s(max_Wspeed, k = 6) + s(trd_qt1_wspeed_year,

s
k
k = 6)

parametric coefficients:
Estimate std. Error t value Pr(>t|)
(Intercept) 0.561040  0.004091 137.1  <2e-16 ¢

signif. codes: 0 “***’ 0,001 “**’ Q.0L ‘*’ 0,05 *.” 0.1 * "1

Approximate significance of smooth terms:

edf Ref.df F p-value

s(Days_above_threshold_Rtotal) 1.000 1.001 70.399 < 2e-16 ***

s(trd_qt1_rtotal_year) .000 1.000 4,560 0.034738 *

zE:;)r\&mm::; $327 1868 5.900 0002680 Fold MSE RMSE  RMSE_rel RMSE_rel_pct
<(Days_above_threshold_Tnax)  4.064 4.555 17.323 < 2e-16 *** 1 1 0.007779516 0.08820156 0.18025198 18. 025198
(osysunder hveshold_Tra) 1000 1.000 62,331 < 2e-30 70 2 2 0.002855876 0.05344039 0.10921277  10.921277
S qn], max_year) 00 17000 B 332 0 ooates 3 3 0.001301358 0.03607434 0.07372285 7.372285
s(Days_above_threshold_wspeed) 3.234 3.831 9.022 8.48e-06 *** 4 4 0.003957612 0.06290955 0.12856429 12.856429
s(pays_under_threshold_wspeed) 1.000 1.000 7.998 0.005489 ** 5 5 0.010361283 10179039 20802261 20. 802261

i d .000 1.000 44.334 2e-16 *** - . . .

e 1565 3.057 4,854 0.002507 - 6 6 0.002831490 0.05321175 0.10874550  10.874550
s(erd_qul_ispeed year) <000 1.000 5.289 0.0231%4 * 7 7 0.003616929 0.06014091 0.12290618  12.290618
Signif. codes: 0 “***’ 0,001 ‘**’ 0.01 ‘*' 0.05 *.” 0.1 * ' 1 8 8 0.001846494 0.04297085 0.08781683 8.781683
Resq. (adi) = 0.734  Deviance explained = 77.3% 9 9 0.002121822 0.04606324 0.09413654 9.413654
R o Laa 141 scale oot o 00023507 1 = 141 10 10 0.003025161 0.05500147 0.11240304 11. 240304

(a) (b)

FIGURE 17: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region A: All crops.

Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_Prize ~ s(Days_above_threshold_Rtotal, k = 9) +
s(trd_gt1_rtotal_year, k = 9) + s(pays_above_threshold_tmin,

9) + s(Days_under_threshold_Tmin, k = 9) + s(min_Tmin,

9) + s(fst_qul_tmin_year, k = 9) + s(trd_qgtl_Tmin_year,

9) + s(Dbays_above_threshold_Tmax, k = 9) + s(Days_under_threshold_Tmax,

9) + s(min_Tmax, k = 9) + s(max_Tmax, k = 9) + s(fst_qtl_Tmax_year,

9) + s(trd_qt1_Tmax_year, k = 9) + s(Days_above_threshold_wspeed,

9) + s(Days_under_threshold_wspeed, k = 9) + s(max_wspeed,

9) + s(fst_qtl_wspeed_year, k = 9) + s(trd_qtl_wspeed_year,

29

AREARSRES

Parametric coefficients:
Estimate std. Error t value Pri>|t|)
(Intercept) 0.573994 0.002152 266.8 <2e-16 ¥

Signif. codes: © *¥**’ 0,001 “**’ 0.01 ‘¥’ 0.05 ‘.” 0.1 * " 1

Approximate significance of smooth terms:

edf ref.df F p-value

s(Days_above_threshold_Rtotal) 3.924 4.579 8.407 1.42e-06 ***
s(trd_qtl_rtotal_year) 2.605 3.036 12.330 8.57e-07 #**
5(Days_above_threshold_Tmin) 6.873 7.139 15.462 < 2e-16 ***
s(pays_under_threshold_Tmin) 1.000 1.000 8.108 0.00488 #*
s(min_Tmin) 3.661 4.203 8.119 4.06e-06 ***
s(fst_gt]l_tmin_year) 3.613 4.130 14.784 < 2e-16 *¥¥*
s(trd_qt1_Tmin_year) 4.502 5.063 17.951 < 2e-16 ***
s(pays_above_threshold_Tmax) 1.000 1.000 7.919 0.00540 #*
s(De_lys,under,thresho‘ld,Tmax) 3.750 4.371 12.197 < 2e-16 #¥* Fold MSE RMSE RMSE_rel RMSE_I’eT_pCt
S 5255 5.91216.076 < 2716+ 1 1 0.011995746 0.10952509 0.17502637  17.502637
S(fst_qul_Tmax_year) 1.000 1.000 55.850 < 2e-16 %¥* 2 2 0.004645517 0.06815803 0.10891981 10. 891981
SEtrdfqtlmeaLhyea;)w d ;ggg é-ggg 2§-§?§ 5-7‘;2*32 o 3 3 0.001711787 0.04137375 0.06611724 6.611724
s(Days_above_threshold_wspee . . . < 2e-16 ®¥¥%
5(Da;s_under_thr‘esho1d_wsgsed) 1.000 1.000 8.276 0.00446 =* 4 4 0.004059394 0.06371338 .10181704 10.181704
s(max_wspeed) 1.000 1.000 19.578 1.62e-05 *¥** 5 5 0.004264641 0.06530422 0.10435929 10.435929
s(fst_qt1_wspeed_year) 2.313 2.766 15.735 9.76e-07 #¥* 6 6 0.001939395 0.04403857 .07037575 7.037575
s{erd-qulnspeed yean) 1:000 1.000 60838 < ze-i6 7 7 0.003258090 0.05707968 0.09121608 9.121608
signif. codes: © ‘** 0,001 “**' 0.01 “*' 0.05 ‘.’ 0.1 ‘' 1 8 8 0.001416782 0.03764016 0.06015079 6.015079
R-sq. (adj) = 0.867 Deviance explained = 89. 6% 2 9 0.009038022 0.09506851 0.15192406 15.192406
-REML = -169.25 Scale est. = 0.0011527 n = 249 10 10 0.006201409 0.07874902 0.12584473 12.584473

(a)

(b)

FIGURE 18: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification

in tariff region B: All except vineyard.



Family: gaussian
Link function: identity

Formula:

Bonus_over_cComercial_prize ~ s(Days_above_threshold_Rtotal, k = 3) +
s(trd_qtl_rtotal_year, k = 3) + s(pays_above_threshold_tmin,
k = 3) + s(max_Tmin, k = 3) + s(fst_qtl_Tmin_year, k = 3) +
s(trd_gtl_Tmin_year, k = 3) + s(Days_above_threshold_Tmax,
k = 3) + s(trd_qtl_Tmax_year, k = 3) + s{Days_above_threshold_wspeed,
k = 3) + s(pays_under_threshold_wspeed, k = 3) + s(fst_qtl_wspeed_year,
k = 3) + s(trd_qtl_wspeed_year, k = 3)

parametric coefficients:
Estimate std. Error t value Pr(>|t|)

(Intercept) 0.64731 0.00583 111 <2e-16 #¥x
signif. codes: 0 ‘¥**' 0,001 ‘**' 0,01 '*' 0.05 *.” 0.1 ' "1
Approximate significance of smooth terms:

edf Rref.df F  p-value
s(Days_above_threshold_Rtotal) 1.360 1.586 30.583 1.17e-06 ***
s(trd_qt1_rtotal_year) ) 1.950 1.994 22.584 3.48e-06 ***
S amesieitelTan 10 3o i3 8 o 1 Fod MSE s Rest_rel mise_relpet
s(fst_qt1_Tmin_year) 1.000 1.000 3.567 0.070142 . 1 1 0.0012257738 0.03501105 0.09939449 9.939449
SE;fd_qt;_Tmi:Fyéa;)m w0 i-g% ;833 ﬁgﬁg g~ggé\fgé - 2 2 0.0009027065 0.03004507 0.08529635 8.529635
s(pays_above_threshold_Tmax; . . .075 0. s
s o T B e 3 3 0.0056340585 0.07506037 0.21309233  21.309233
s(pays_above_threshold_wspeed) 1.000 1.000 28.471 1.50e-05 **% 4 4 0.0020088722 0.04482044 0.12724282 12.724282
5E?EVS_U_Il‘iﬂEV'JHEGShO“)LWSDEEd) i g% i-ggg ggggé g'%e—gg e 5 5 0.0039201332 0.06261097 0.17774916 17.774916
s(fst_qtl_wspeed_year . . . 79e-06 ix
sy LT L 840 < e 1 77 0.0027587015 0.08252420 014001337 1412337
_— . / . . . i
signif. codes: 0 *#%*' 0.001 ***' 0.01 '*' 0.05 ‘.7 0.1 * "1 8 8 0.0017945842 0.04236253 0.12026495 12.026495
Resq. (adf) = 0.906 Deviance explained = 9% 9 9 0.0117479479 0.10838795 0.30770755  30.770755
-REML = -3.2789 sScale est. = 0.0013935 n =41 10 10 0.0018774186 0.04332919 0.12300923 12.300923

(a) (b)

FIGURE 19: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region B: Vineyard.

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_Prize ~ s(Days_above_threshold_Rtotal, k = 10) +
s(trd_gtl_Rrtotal_year, k = 10) + s(min_Tmin, k = 10) + s(pays_above_threshold_Tmax,

= 10) + s(pays_under_threshold_Tmax, k = 10) + s(min_Tmax,

= 10) + s(max_Tmax, k = 10) + s(fst_qtl_Tmax_year, k = 10) +

s(trd_qti_Tmax_year, k = 10) + s(Days_above_threshold_wspeed,

= 10) + s(Days_under_threshold_wspeed, k = 10) + s(min_wspeed,

= 10) + s(max_wspeed, k = 10) + s(fst_qrl_wspeed_year,

= 10) + s(trd_qrl_wspeed_year, k = 10)

~x

e

parametric coefficients:
Estimate std. Error t value pr(>|t|)
(Intercept) 0.583729 0.002733 213.6 <2e-16 ***

signif. codes: 0 “***’ 0.001 ‘*** 0.01 ‘*' 0.05 ‘.’ 0.1 * ' 1

Approximate significance of smooth terms:
edf Ref.df F p-value

s(Days_above_threshold_Rrtotal) 6.635 7.464 16.698 < 2e-16 ***
s(trd_qt1_Rtotal_year) 3.726 4.343 8.769 9.6le-07 *¥¥
s(min_Tmin) 7.109 7.781 17.589 < 2e-16 ***
_above_threshold_" .297 8.7 .4 < 2e-16 #¥¥
(onys_under <hr cono Ty 2,789 3,389 5.189 0.009639 =+ Fold MSE WASE RMsErel mse_rel_pct
s (min_Tmax) 6.381 7.209 §.770 < 2e-16 *k* 1 1 0.002874407 0.05361350 0.08503619 8.503619
. 4, 474 9.42e-07 *x*
) e 3510 481 9,474 9.420207 = 2 2 0.005182632 0.07199050 0.11418388  11.418388
sEtrd_qt;_Tmax_hyea;)_ld " 4.832 5.816 5.620 2.25e-05 *** 3 3 0.012423271 0.11145973 0.17678589 17.678589
s(Days_above_threshold_wspeed) 1.110 1.190 6.314 0.008780 **
s(Dais_under_thresho‘ld_wsSeed) 1.000 1.000 23.459 2.68e-06 *** 4 4 0.003174735 0.05634479 0.08936828 8.936828
sgnﬁn_ﬁsoeegg 7-898 8414 12812 < 2615 7i 5 5 0.005011126 0.07078931 0.11227868 11.227868
s (max_wspee . . . . *
5(f:)tq(q7wspeed7year) 1,000 1.000 13.769 0.000261 *** 6 6 0.004381222 0.06619080 0.10498499 10.498499
s(trd_qtl_wspeed_year) 1.000 1.000 15.682 0.000101 *** 7 7 0.004247775 0.06517496 0.10337378 10.337378
Tanif. codess 0 ‘et 0,001 45 0.01 x' 0.05 £' 01 1 8 8 0.006501747 0.08063341 0.12789237  12.789237
o () - 0,785 oeviance explained - 83,2 9 9 0.011741938 0.10836022 0.17186977  17.186977
.RE:}L = 1151_17' Scale est. = 0_0821136 n= 283 10 10 0.003314699 0.05757342 0.09131700 9.131700

(a) (b)

FIGURE 20: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region B: All crops.
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Family: gaussian
Link function: identity

Formula:
Bonus_over_comercial_Prize ~ s(Days_above_threshold_rtotal, k = 13) +
s(pays_above_threshold_Tmin, k = 13) + s(pays_under_threshold_tmin,

k =13) + s(min_Tmin, k = 13) + s(max_Tmin, k = 13) + s(fst_qt1_Tmin_year,
k = 13) + s(trd_qtl_Tmin_year, k = 13) + s(Days_above_threshold_Tmax,
k = 13) + s(pays_under_threshold_tmax, k = 13) + s(min_Tmax,

k =13) + s(max_Tmax, k = 13) + s(fst_qul_Tmax_year, k = 13) +
s(trd_gt]_Tmax_year, k = 13) + s(min_wspeed, k = 13) + s(max_Wspeed,
k = 13) + s(trd_qul_wspeed_year, k = 13)

parametric coefficients:
Estimate Std. Error t value Pr>|t|)
(Intercept) 0.381437  0.001906 305 <2e-16 ¥

signif. codes: 0 “**¥’ 0.001 “**' 0.01 ‘*' 0.05 ‘.” 0.1 * "1

Approximate significance of smooth terms:
edf ref.df F p-value

s(Days_above_threshold_rtotal) 3.972 4.742 5.030 0.000222 ***
s(Days_above_threshold_tmin) 10,029 10.619 11.405 < 2e-16 ***
s(pays_under_threshold_Tmin) 7.114 8.429 7.138 < 2e-16 **¥
s(min_Tmin) 8.899 10.009 13.186 < 2e-16 ***
s(max_Tmin) 8.010 8.791 11.668 < 2e-16 *wx
s(fst_qt1_Tmin_year) 8.293 9.313 5.806 < 2e-16 *¥¥
s(trd_qt‘l_‘rmin_year)_l 5.641 6.566 3.164 0.004487 ** Fold MSE RMSE RMSE_rel RMSE_re'I_pct
_above_threshold_ . .7 . = bl -
Bty o S Aot /IS 1 1 0.005721537 0.07564084 0.08598150 8. 598150
s(min_Tmax) 10.564 11.350 12.310 < 2e-16 *** 2 2 0.007761405 0.08809884 0.10014260 10.014260
ZE??Q'TﬁximaL eary 9.8i810.008 €347 <2ed 3 3 0.006074167 0.07793694 0.08859150 8. 859150
S(trd:gﬂ:ma,ﬁear) 77112 8.105 10.460 < 2e-16 ¥+ 4 4 0.006986438 0.08358492 0.09501159 9. 501159
sEmin_wzpzzgg ;?;Z g-iég 1;-:?2 7‘522‘22 o 5 5 0.006252268 0.07907128 0.08988091 8.988091
s{max_\ - . . < - s
s(trd_qtq_wjpged_yur) 57503 3.118 5.203 0.001295 ** 6 6 0.004460836 0.06678949 0.07592011 7.592011
- 7 7 0.002572214 0.05071700 0.05765038 5.765038
signif. codes: 0 "x*' 0,001 *¥*' 0.01 "X 0.05 .7 0.1 % "1 8 8 0.003579899 0.05983226 0.06801177 6.801177
R-3q. (adj) = 0.805 Deviance explained = 83.4% 9 9 0.004066150 0.06376637 0.07248371 7.248371
-REML = -503.22 scale est. = 0.0028088 n = 773 10 10 0.005569272 0.07462755 0.08482969 8.482969

(a) (b)

FIGURE 21: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region C: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Bonus_over_cComercial_prize ~ s(Days_above_threshold_Rtotal, k = 5) +
s(Days_under_threshold_Tmin, k = 3) + s(min_Tmin, k = 5) +
s(trd_qtl_Tmin_year, k = 5) + s(Days_above_threshold_Tmax,

k = 5) + s(pays_under_threshold_Tmax, k = 5) + s(min_wspeed,
k =5)

Parametric coefficients:
Estimate Std. Error t value Pr(>[t|)
(Intercept) 0.565432 0.005611 100.8 <2e-16 ***

signif. codes: 0 “***’ Q.001 ‘**' 0.01 ‘*' 0.05 ‘." 0.1 ' "1

Approximate significance of smuotzd;e;ren;:df £ povalue Fold MSE RMSE RMSE_rel RMSLI"e],pCt
s(Days_above_threshold_Rtotal) 1.470 1.809 2.348 0.072943 . 1 1 0.004711186 0.06863808 0.1298332 12.98332
s(Days_under_threshold_Tmin)  1.000 1.000 30.708 5.77e-07 *¥* 2 2 0.009451633 0.09721951 0.1838967 18. 38967
sEmT‘dlLTm}'n) , 2.438 2.961 3.175 0.024978 * 3 3 0.006146768 0.07840133 0.1483010 14. 83010
s(trd_qul_Tmin_year 2.246 2.754 8.408 0.000127 *** 4 4 0.003742031 0.06117214 0.1157109 11.57109
s(Dpays_above_threshold_Tmax) 3.128 3.622 47.088 < 2e-16 ¥¥*

s(pays_under_threshold_Tmax) 1.000 1.000 47.466 < 2e-16 ¥ 5 5 0.006407720 0.08004823 0.1514162 15.14162
s(min_wspeed) 3.407 3.802 16.753 < 2e-16 ww 6 6 0.007092557 0.08421732 0.1593023 15.93023
- ) ) 7 7 0.008648245 0.09299594 0.1759076 17. 59076
signif. codes: 0 "**** 0.001 ‘**' 0.001 “** 0.05 *." 0.1 * "1 8 8 0.004824988 0.06946214 0.1313919 13.13919
R-sq. (adj) = 0.565 Deviance explained = 59.7% 9 9 0.009595470 0.09795647 0.1852907 18. 52907
_REML = -107.91 Scale est. = 0.0063608 n = 202 10 10 0.012323458 0.11101107 0.2099843 20.99843

(a) (b)

FIGURE 22: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region C: Vineyard.
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Family: gaussian
Link function: identity

Formula:
Bonus_over_comercial_prize ~ s(Days_above_threshold_Rrtotal, k = 13) +
s (pays_above_threshold_Tmin, k = 13) + s(Dbays_under_threshold_Tmin,

k =13) + s(min_Tmin, k = 13) + s(max_Tmin, k = 13) + s(fst_qt1_Tmin_year,

13) + s(trd_qrl_Tmin_year, k = 13) + s(pays_above_threshold_Tmax,
13) + s(pays_under_threshold_tmax, k = 13) + s(min_Tmax,

13) + s(max_Tmax, k = 13) + s(fst_qt1_Tmax_year, k = 13) +
rd_qtl_Tmax_year, k = 13) + s(Days_above_threshold_wspeed,

13) + s(max_wspeed, k = 13) + s(fst_qtl_wspeed_year,

k
k
k
s
k
k = 13) + s(trd_qt1_wspeed_year, k = 13)

~
[ T T

parametric coefficients:
Estimate Std. Error t value Pri>|t|)
(Intercept) 0.579311 0.002035 284.7 <2e-16 ***

signif. codes: 0 “**¥’ 0,001 “**' 0.01 '*' 0,05 ‘.’ 0.1 ° ' 1

Approximate significance of smooth terms:
edf ref.df F p-value

s{(Days_above_threshold_Rtotal) 7.403 8.656 5.465 5.90e-07 ***
s(Days_above_threshold_Tmin) 10.318 10.852 12.171 < 2e-16 ***
s(Dpays_under_threshold_tmin) 5.348 6.607 3.935 0.000589 *wx
s(min_tmin) 8.048 9.306 6.349 < Ze-16 *¥¥
s(max_Tmin) 6.694 7.701 5.189 5.67e-06 ***
s(fst_qul_Tmin_year) 8.266 9.341 5.164 1.42e-06 *¥*
s(trd_qul_tmin_year) 7.423 8.466 3.632 0.001682 **
s(Days_above_threshold_Tmax) 9.364 10.239 12.101 < 2e-16 *¥*
s(pays_under_threshold_tmax) 5.075 6.234 6.092 2.66e-06 ***
s(min_Tmax) 4.524 5.456 6.009 1.41e-05 ##*
s (max_Tmax) 7.583 8.578 3.833 7.34e-05 ¥¥¥
s(fst_qrl_Tmax_year) 7.648 8.881 7.955 < 2e-16 *¥¥
s(trd_qul_Tmax_year) 3.910 4.754 4.348 0.002914 **
s(Days_above_threshold_wspeed) 5.522 6.647 9.378 < 2e-16 *¥¥
s(max_Wspeed) 1.000 1.000 55.512 < 2e-16 **%
s(fst_qul_wspeed_year) 5.576 6.566 6.501 6.65e-07 ***
s(trd_qul_wspeed_year) 1.936 2.450 6.504 0.001139 *¥
signif. codes: 0 “*' 0,001 “**' 0.01 ‘*' 0.05 ‘.’ 0.1 * "1
R-sq.(adj) = 0.73 Deviance explained = 76%

-REML = -607.74 sScale est. = 0.0039597 n = 956
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FIGURE 23: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification

in tariff region C: All crops.

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(Days_above_threshold_rtotal, k = 12) +

s(trd_qt1_Rrtotal_year, k = 12) + s(Days_above_threshold_Tmin,
k = 12) + s(pays_under_threshold_Tmin, k = 12) + s(min_Tmin,

k = 12) + s(max_Tmin, k = 12) + s(fst_gqtl_Tmin_year, k = 12) +
s(trd_gtl_Tmin_year, k = 12) + s(Days_above_threshold_tmax,

k = 12) + s(pays_under_threshold_Tmax, k = 12) + s(min_Tmax,

k = 12) + s(max_Tmax, k = 12) + s(fst_qtl_Tmax_year, k = 12) +
s(trd_qtl_Tmax_year, k = 12) + s(Days_above_threshold_wspeed,

k = 12) + s(Days_under_threshold_wspeed, k = 12) + s(min_wspeed,

k - 12) + s(max_wspeed, k = 12) + s(fst_qtl_wspeed_year,
k = 12) + s(trd_qul_wspeed_year, k = 12)

Parametric coefficients:
estimate std. error t value pr(>|t|)
(Intercept) 0.620535 0.001138 545.2 <2e-16 *¥¥

Signif. codes: 0 “***' 0,001 “**’ 0.01 ‘*' 0.05 “.” 0.1 * "1

approximate significance of smooth terms:
edf ref.df F p-value

s(Days_above_threshold_Rtotal) 4.122 4.619 12.649 < 2e-16 ***
s{trd_qt1_Rrtotal_year) 5.473 5.998 10.553 < 2e-16 ***
s(Days_above_threshold_tmin) 9.339 09.777 21.208 < 2e-16 ***
s(pays_under_threshold_tmin) 1.000 1.000 17.104 4.33e-05 #*#*
s(min_tmin) 6.693 7.187 13.078 < 2e-16 ***
s(max_Tmin) 1.000 1.000 16.228 6.75e-05 ***
s(fst_qul_Tmin_year) 4.804 5.363 11.819 < 2e-16 ***
s(trd_qtl_Tmin_year) 8.104 B.664 13.760 < 2e-16 *¥*
s(Days_above_threshold_Tmax) 2.444 2.775 14.688 < 2e-16 ¥#¥
s{(Dpays_under_threshold_Tmax) 4,074 4.577 10.344 < 2e-16 %%
s(min_Tmax) 8.329 B8.800 9.285 < 2e-16 ***
5{max_Tmax) 4.069 4.549 6.106 4.93e-05 *#*
s(fst_qt1_Tmax_year) 10.134 10.401 24.659 < 2e-16 *%%
s(trd_qt1_Tmax_year) 3.207 3.579 15.235 < 2e-16 ***
s(Days_above_threshold_wspeed) 7.462 7.874 8.482 < 2e-16 ***
s(Days_under_threshold_wspeed) 8.474 9.083 12.5386 < 2e-16 ***
s(min_wspeed) 9.072 9.383 19.023 < 2e-16 ***
s(max_wspeed) 7.222 7.639 9.548 < 2e-16 ¥
s{fst_qt1_wspeed_year) 8.274 8.740 9.728 <« 2e-16 ***
s(trd_qt1_wspeed_year) 4.135 4.579 4.228 0.00325 **
S'ign'if. codes: O ‘¥’ 0,001 ‘**' 0.01 ‘*' 0.05 ‘.’ 0.1 ¢ '1

R-sq. (adj) = 0.933 Deviance explained = 94.8%
-REML = -417.58 sScale est. = 0.00067752 n = 523
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FIGURE 24: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification

in tariff region D: All except vineyard.



Family: gaussian
Link function: identity

Formula:
Bonus_over_comercial_prize ~ s(Days_above_threshold_Rtotal, k = 12) +
s(pays_above_threshold_Tmin, k = 12) + s(pays_under_threshold_tmin,
k =12) + s(min_Tmin, k = 12) + s(max_Tmin, k = 12) + s(fst_qt1_Tmin_year,
12) + s(trd_gtl_Tmin_year, k = 12) + s(Days_above_threshold_Tmax,
12) + s(pays_under_threshold_Tmax, k = 12) + s(min_Tmax,
12) + s(max_Tmax, k = 12) + s(fst_qul_Tmax_year, k = 12) +
rd_qt1_Tmax_year, k = 12) + s(Days_above_threshold_wspeed,
12) + s(pays_under_threshold_wspeed, k = 12) + s(min_wspeed,
12) + s(max_wspeed, k = 12) + s(fst_qt1_wspeed_year,
1

k
k
k
s
k
k
k 2) + s(trd_gtl_wspeed_year, k = 12)

-
[ ]

Parametric coefficients:
Estimate std. Error T value pr(=[tl)
(Intercept) 0.639043 0.001631 391.8 <2e-16 ***

signif. codes: © ‘***’ 0.001 “**' 0.01 ‘*' 0.05 ‘.’ 0.1 * "1

Approximate significance of smooth terms:
edf Ref.df F p-value

s(Days_above_threshold_Rtotal) 7.353 8.368 6.972 < 2e-16 ***
s(pays_above_threshold_Tmin)  6.150 7.180 6.906 < 2e-16 ***
s(pays_under_threshold_tmin)  6.314 7.415 6.523 < 2e-16 ***
s(min_Tmin) 7.992 8.985 6.457 < 2e-16 ¥
s(max_Tmin) 3.706 4.421 3.326 0.004781 **
s(fst_qul_Tmin_year) 9.492 10.180 5.698 < 2e-16 *¥¥
s(trd_qtl_Tmin_year) 2.328 2.828 19.336 < 2e-16 ***
s{pays_above_threshold_Tmax) 6.707 7.748 9.316 < 2e-16 **¥
s(Days_under_threshold_Tmax) 8.123 9.100 10.888 < 2e-16 *¥=
sEm‘irLTmaxg 5.619 6.616 7.532 < 2e-16 ¥ Fold MSE RMSE ~ RMSE_rel RMSE_rel_pct
s{max_Tmax’ 3.562 4.309 5.163 0.000272 *¥¥
- - 1 1 0.003567616 0.05972952 0.10032533  10.032533
(Fst_qr1_Tmax_year) 0.223 10.024 15.008 < 2e-16 **¥
S d T T year) 2,507 3,052 8.210 2.726-05 wir 2 2 0.003458129 0.05880386 0.09877388 9.877388
5EDEVSJ“SVEJRres”‘hg]lgfwspeegg g-?g: 1843;3 g;gg < ge’ig e 3 3 0.003057436 0.05529408 0.09287529 9. 287529
s Days_un ler_thresi I_Wspee: . . . < 2e-. e
<(min_nspeed) 8534 0,256 15.182 < 2e-16 #er 4 4 0.003930230 0.06269155 0.10530052 10. 530052
s(max_wspeed) 6.096 6.818 13.760 < 2e-16 *** 5 5 0.005368031 0.07326685 0.12306343 12.306343
L peed year) 5716 7000 8333 <2616 v 6 6 0.005163568 0.07185797 0.12069701  12.069701
Sinearspesty e : 7 7 0.004598240 0.06781032 0.11389833  11.389833
Signif. codes: © ‘¥**’ 0.001 ‘**' 0.01 “*’' 0.05 *.’ 0.1 ' "1 8 8 0.003923200 0.06263545 0.10520630 10. 520630
. . : 9 9 0.003125892 0.05590968 0.09390929 9. 390929
-sq. (ad = 0.812 1 d = 83.9%
P e PP e d i 10 10 0.006402572 0.08001607 0.13439984  13.439984

(a) (b)

FIGURE 25: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region D: All crops.

Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_prize ~ s{Days_above_threshold_rtotal, k = 12) +
s(trd_qrl_rtotal_year, k = 12) + s(Days_above_threshold_Tmin,
k = 12) + s(pays_under_threshold_Tmin, k = 12) + s(min_tmin,
k =12) + s(max_Tmin, k = 12) + s(fst_qtl_Tmin_year, k = 12) +
s(trd_qul_Tmin_year, k = 12) + s(Days_above_threshold_Tmax,
k = 12) + s(pays_under_threshold_tmax, k = 12) + s(min_Tmax,
k =12) + s(max_Tmax, k = 12) + s(trd_qt]l_Tmax_year, k = 12) +
s(Days_above_threshold_wspeed, k = 12) + s(pays_under_threshold_wspeed,
k =12) + s(min_wspeed, k = 12) + s(max_wspeed, k = 12) +
s(fst_qtl_wspeed_year, k = 12) + s(trd_qt]_wspeed_year, k = 12)

parametric coefficients:
Estimate std. Error t value Pr(=|t|)
(Intercept) 0.62731 0.00089 704.8 <2e-16 *¥*

signif. codes: 0 “¥<’ 0,001 “**' 0.01 ‘%' 0.05 ‘.' 0.1 ° "1

Approximate significance of smooth terms:
edf ref.df F p-value

s(Days_above_threshold_Rtotal) 7.026 7.706 24.659 < 2e-16 ***

s(trd_gt1_rrotal_year) 8.591 9.074 17.002 < 2e-16 ***

s(pays_above_threshold_Tmin) 9.970 10.307 13.785 < 2e-16 *¥*

s(Days_under_threshold_Tmin) 7.460 8.070 10.393 < 2e-16 "#*

s(min_tmin) 6.513 7.055 19.145 < 2e-16 "**

s(max_Tmin) 7.707 8.296 16.228 < 2e-16 ***

s(fst_qgt1_Tmin_year) 9.568 9.870 9.220 < 2e-16 *¥¥

s(trd_qtl_Tmin_year) 8.946 9.370 17.955 < 2e-16 ***

s(Days_above_threshold_Tmax) 3.127 3.577 7.412 3.28e-05 ¥

s{(Days_under_threshold_Tmax) 7.793 8.329 14.840 < 2e-16 *¥¥

s(min_Tmax) 6.586 7,119 15.587 < 2e-16 ***

s (max_Tmax) 9.733 10.116 50.474 < 2e-16 *** Fold MSE RMSE RNSE_FE1 RMSE—FE.I_pCt
s(trd_qt1_Tmax_year) 6.861 7.431 8.252 < 2e-16 www 1 1 0.0006394554 0.02528746 0.03023813 3.023813
s(Days_above_threshold_wspeed) 9.754 10.140 13.279 < 2e-16 *** 2 2 0.0011372496 0.03372313 0.04032532 4.032532
s(pays_under_threshold_wspeed) 10.092 10.397 29.588 < 2e-16 *** 3 3 0.0027843760 0.05276719 0.06309774 6.309774
s(min_Wspeed) 5.448 6.036 21.074 < 2e-16 *¥¥% -

= (max_ispeed) 3,058 4.445 B.137 1.066-06 *** 4 4 0.000774314_1'5 0.02782651 0.03327427 3.327427
s(fst_qrl_wspeed_year) 8.033 B.649 27.004 < 2a-16 % 5 5 0.0006785778 0.02604953 0.03114940 3.114940
s(trd_qt1_wspeed_year) 7.045 7.770 9.613 < 2e-16 *¥¥ 6 6 0.0008383567 0.02895439 0,03462297 3.462297
- A . . . L 7 7 0.0009883501 0.03143804 0.03759285 3.759285
Signif. codes: 0 0001 F*7 0.01 7 0.05 .7 0.1 71 8 & 0.0029351674 0.05417719 0.06478378 6.478378
R-5q.(adj) = 0.889 Deviance explained = 90.1% 9 9 0.0013205796 0.03633978 0.04345424 4,345424
-REML = -1361.3 sScale est. = 0.0010661 n = 1346 10 10 0.0009049530 0.03008244 0.03597186 3.597186

(a) (b)

FIGURE 26: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E: All except vineyard.
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Family: gaussian
Link function: identity

Formula:
Bonus_over_Comercial_Prize ~ s(Days_above_threshold_Rtotal, k = 9) +
s(trd_qul_rtotal_year, k = 9) + s(Days_above_threshold_tmin,
k = 9) + s(pays_under_threshold_Tmin, k = 9) + s(min_Tmin,
k = 9) + s(max_Tmin, k = 9) + s(fst_qt1_Tmir_year, k = 9) +
s(trd_qrl_Tmin_year, k = 9) + s(pays_under_threshold_tmax,
k = 9) + s(min_Tmax, k = 9) + s(max_Tmax, k = 9) + s(fst_qtl_Tmax_year,
9) + s(trd_qtl_Tmax_year, k = 9) + s(fst_qtl_wspeed_year,
9) + s(trd_qtl_wspeed_year, k = 9)

k
k

Parametric coefficients:
estimate std. Error t value Pri=|t|)
(Intercept) 0.622565 0.003015 206.5 <2e-16 **¥

signif. codes: 0 “**' 0,001 ‘**' 0.01 ‘*' 0.05 ‘.' 0.1 ' 1

Approximate significance of smooth terms:
edf Ref.df F p-value

s(Days_above_threshold_Rrtotal) 4.943 5.881 19.693 < 2e-16 ***

s(trd_qt1_Rtotal_year) 3.177 3.819 B8.213 5.30e-06 #**¥

s(Dpays_above_threshold_Tmin) 1.000 1.000 15.878 8.1le-05 ***

s(pays_under_threshold_tmin) 2.632 3.340 14.104 < 2e-16 =**

s(min_tmin) 4,011 4.785 5.391 8.95e-05 ***

s(max_tmin) 4.811 5.682 4.856 0.000478 **¥ Fold MSE RMSE RMSE_rel RMSE_rel_pct

e inyear) T T IR 1 1 0.003559151 0.05965862 0.1195641 11.95641

s(pays_under_threshold_Tmax)  5.414 6.248 11,079 < 2e-16 *** 2 2 0.005101908 0.07142764 0.1431509 14.31509

s{min_Tmax) 1.000 1.000 79.100 < 2e-16 *¥**

B it 1000 Lo el cIee 3 3 0.006262673 0.07913705 0.1586016 15. 86016

S(fst_qrl_Tmax_year) 2,515 3.185 2,341 0.089003 . 4 4 0.003509033 0.05923709 0.1187193 11.87193

sE;rd_qq_mauéear) , 4.53 5381 10.806 <2e-16 5 5 0.005517564 0.07428031 0.1488680 14. 88680

s{rstqr |_Wspeed_year 7 . : < Ze-16 7 6 6 0.007599764 0.08717662 0.1747140 17.47140
d_qt1_ d_ 1,900 2.398 9.004 6.89e-05 ***

s (erd-qelspeed-yean) ¢ 7 7 0.006109981 0.07816637 0.1566562 15. 66562

signif. codes: 0 “*¥%’ 0,001 %’ 0.01 ¥’ 0.05 *.7 0.1 ‘1 8 8 0.006093384 0.07806013 0.1564433 15.64433

qosq. (adi) = 0.732  peviance explained = 76.6% 9 9 0.004744146 0.06887776 0.1380405 13. 80405

REML = -265.73 scale est. = 0.0040907 n = 430 10 10 0.005687410 0.07541492 0.1511419 15.11419

(a) (b)

FIGURE 27: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E: Vineyard.

Family: gaussian
Link function: identity

Formula:
Bonus_over_Comercial_prize ~ s(Days_above_threshold_Rtotal, k = 15) +
s(trd_qtl_rtotal_year, k = 15) + s(pays_above_threshold_tmin,
k = 15) + s(min_Tmin, k = 15) + s(max_Tmin, k = 15) + s(fst_qul_Tmin_year,
15) + s(trd_gtl_Tmin_year, k = 15) + s(pays_above_threshold_tmax,
15) + s(Days_under_threshold_Tmax, k = 15) + s(min_Tmax,
15) + s(max_Tmax, k = 15) + s(fst_qul_Tmax_year, k = 15) +
rd_qt1_Tmax_year, k = 15) + s(Days_above_threshold_wspeed,
1
1
1

5) + s(pays_under_threshold_wspeed, k = 15) + s(min_wspeed,
5) + s(max_wspeed, k = 15) + s(fst_qt1_wspeed_year,
5) + s(trd_qtl_wspeed_year, k = 15)

mEmBw AR
A
[N

parametric coefficients:
Estimate std. Error t value pr(>|t|)
(Intercept) 0.6270635 0.0009904 633.1 <2e-16 ***

signif. codes: 0 “***' 0.001 “**’ 0.01 ‘*' 0.05 *.” 0.1 * ' 1

approximate significance of smooth terms:
edf ref.df F p-value

s(pays_above_threshold_rtotal) 6.361 7.111 11.915 < 2e-16 ***
s(trd_qul_rrotal_year) 9.076 9.744 14.646 <« 2e-16 ***
s(Days_above_threshold_tmin) 8.800 9.614 19.597 < 2e-16 ***
s(min_Tmin) 11.838 12.336 18.419 < 2e-16 ***
s (max_Tmin) 7.357 8.063 15.406 < 2e-16 ***
s(fst_qul_Ttmin_year) 11.358 11.881 14.754 < 2e-16 ***
s(trd_qt1_Tmin_year) 1.000 1.001 10.905 0.000978 *=*

s(Dpays_above_threshold_Tmax) 10.689 11.398 9.001 < 2e-16 **x*
s(pays_under_threshold_Tmax)  10.695 11.213 15.054 < 2e-16 ***

sEm'irLTmaxg 8.976 9.743 11.582 < 2e-16 ** "Fold MSE RMSE  RMSE_rel RMSE_rel_pct
S (max_Tmax 11.180 11.800 26.217 < 2e-16 *** 1 1 0.002183544 0.04672841 0.05587672 5. 587672
S ey Sl hoa e SR 2 2 0.002726580 0,05221666 0.06243943  6.243943
5(Days_above_threshold_wspeed) 11.318 12.011 11.727 < 2e-16 ** 3 3 0.001560196 0.03949932 0.04723234 4.723234
(Days_under_thi hold_w: d) 12.122 12.709 7.660 2e-16 =%

nim ey P e 10, 504 22,891 < 2e.le we e 4 0.001577464 0.03971730 0.04749300 4.749300
s(max_wspeed) 3.303 3.744 7.161 2.39e-05 *¥¥ 5 5 0.002057539 0.04536010 0.05424052 5.424052
sgfssqufwspeegfyearg 1892 588912748 < 2618 v 6 6 0.002125799 0.04610638 0.05513291 5.513201
Sirrd-arispeed year s 7 <237 7.dde 7 7 0.001365804 0.03695679 0.04419205 4.419205
Signif. codes: O “***' 0,001 “*** 0.01 ‘*’ 0.05 ‘.’ 0.1 * ' 1 8 8 0.003293058 0.05738517 0.06861981 6. 861981
Resq. adf) = 0.841 Deviance explained = 85. 5% 9 9 0.001812639 0.04257510 0.05091029 5.091029
-REML = -1612.3 Scale est. = 0.0017402 n = 1774 10 10 0.001825374 0.04272439 0.05108881 5.108881

(a) (b)

FIGURE 28: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E: All crops.
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(max.Rtotal., k = 6) + s(Days_above_threshold_tmin,

k = 6) + s(pays_under_threshold_tmin, k = 6) + s(Days_above_threshold_Tmax,

k = 6) + s(pays_under_threshold_Tmax, k = 6) + s{min.Tmax.,

k = 6) + s(Days_above_threshold_wspeed, k = 6) + s(Days_under_threshold_wspeed,
k = 6) + s(min.wspeed., k = 6) + s(max.wspeed., k = 6)

parametric coefficients:
Estimate std. error t value pr(>|t|)
(Intercept) 0.036449 0.000273 133.5 <2e-16 ***

signif. codes: 0 ‘***' 0.001L “**' 0.01 ‘*' 0.05 ‘. 0.1 * '1

Approximate significance of smooth terms:
edf Rref.df F p-value

s(max. Reotal.) | 2.483 2.918 5.826 0.001802 ** Fold MSE RMSE  RMSE_rel RMSE_rel_pct
“owi o om0 Lo 178 8 o005 1 11.688507e-05 0.00410925¢ 0.07784154  7.78415
s(DaysZabove:thresho'ld:Tmax) 1:000 11000 21:148 1:622705 o 2 2 1.102205e-05 0.003319947 0.06288971 6.288971
s(pays_under_threshold_Tmax)  4.228 4.569 11.803 < 2e-16 *** 3 3 1.620798e-06 0.001273106 0.02411642 2.411642
(min. Tmax. ) 1,000 1.000 15.484 0,000178 *¥* -

:(Days_aggve_thresho'ld_wspeed) 3.371 3.908 7.729 4.67e-05 **¥ 4 4 5.541897e-06 0.002354123 0.04459413 4.459413
s(pays_under_threshold_wspeed) 1.000 1.000 18.129 5.69e-05 *** 5 5 2.825877e-05 0.005315897 0.10069898 10. 069898
(min. wspeed. ) 1.149 1.246 13.652 0.000112 *** | -

i) s e ? 71430106005 0.003781674 0.07163621 7163621
o . - . 7 . 7.

signif. codes: 0 “vex? 0.00L “*7 0.01 *¥' 0.05 .7 0.1 % "1 8 8 9.943151e-06 0.003153276 0.05973247 5.973247
R-sq. (adi) = 0.879 Deviance explained = 90.5% 9 9 3.255632e-05 0.005705815 0.10808518 10. 808518
-REML = -209.63 sScale est. = 7.6002e-06 n = 102 10 10 1.047604e-06 0.001023525 0.01938862 1.938862

(a) (b)

FIGURE 29: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region A: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_Rrtotal, k = 7) + s(pays_above_threshold_tmin,
k = 7) + s(pays_under_threshold_Tmin, k = 7) + s(Days_under_threshold_Tmax,

k =7) + s(max.wspeed. , k = 7)

parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.0318699 0.0007188 44.34 <2e-16 ¥**

- o L - o L Fold MSE RMSE RMSE_rel RMSE_rel_pct
Signif. codes: 0 e’ 0.001 ©¥** 0.01 "7 0.05 1.7 0.1 ° 71 1 1 4.292670e-05 0.006551847 0.1049816 10.49816
Approximate significance of smooth terms: 2 2 9.053546e-05 0.009515013 0.1524609 15.24609
s(pays_above_threshold_rtotal) 2 ggfs R;f}tsi; 6 07; gigglgg e 3 3 9.228628e-05 0.009606575 0.1539281 15.39281
<(baye_sbovethreshold_niny = 1.000 1.000 7.227 0.00810 ** 4 4 6.170542e-05 0.007855280 0.1258667 12.58667
sEuays_unger_t:reshhgu_-rmfng 1.040 1.077 3.043 0.08716 . 5 5 8.588654e-05 0.009267499 0.1484950 14.84950
s(bays_under _threshold Tmax) ~ 1.000 1.000 10.108 0.00184 ** 6 6 £.909735e-05 0.009439139 0.1512452 15.12452
s (max. wspeed. ) 2815 3.480 4.830 000209 7 7 6.135179e-05 0.007832738 0.1255055 12.55055
Signif. codes: 0 “***’ 0.001 ***' 0.01 '*’ 0.05 ‘.” 0.1 * ' 1 8 8 1.372358e-04 0.011714769 0.1877081 18.77081
fesq. (adf) = 0.344 peviance explained = 38.2% 9 9 5.901226e-05 0.007681944 0.1230893 12.30893
-REML = -274.53 Scale est. = 7.286e-05 n = 141 10 10 4.899184e-05 0.006999417 0.1121531 11.21531

(a) (b)

FIGURE 30: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region A: All crops.
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_Rtotal, k = 7) + s(Days_under_threshold_Tmin,

k =7) + s(min.Tmin., k = 7) + s(Days_above_threshold_tmax,
7) + s(min.Tmax., k = 7) + s(max.Tmax., k = 7) + s(pays_above_threshold_wspeed,
7) + s(pays_under_threshold_wspeed, k = 7) + s(min.wspeed. ,
7) + s(max.wspeed., k = 7)

[

o

parametric coefficients:
Estimate std. Error t value Pr(>t|)
(Intercept) 0.0450939 0.0007292 61.84 <2e-16 ***

signif. codes: 0 ‘*¥%*' 0.001 ‘*** 0.01 ‘*' 0.05 ‘.’ 0.1 ‘' 1
Approximate significance of smooth terms:

edf Ref.df F p-value Fold
s(Days_above_threshold_Rtotal) 1.548 1.890 17.698 1.47e-05 ¥ 1 1
s(pays_under_threshold_Tmin)  1.727 2.146 6.043 0.002086 **
s(min. Tnin.) 2.481 3.048 7.225 0.000103 % 2 2
s (Days_above_threshold_Tmax) 4.116 4.852 5.629 7.52e-05 *** 3 3
s(min.Tmax. ) 3.524 4.214 4.862 0.001088 **
5 (max. Tmax. ) 1.000 1.001 15.613 0.000104 *** 4 4
s(Days_above_threshold_wspeed) 3.902 4.493 5.105 0.000503 #¥¥% 5 5
s(Days_under_threshold_wspeed) 2.595 3.224 5.161 0.001550 **
s (min. wspeed.) 2.141 2.577 2.508 0.087483 . 6 6
s (max.wspeed.) 4.673 5.074 9.456 < 2e-16 *** 7 7
signif. codes: 0 “***’ 0,001 ‘**’ 0.01 ‘*’ 0,05 ‘.” 0.1 ‘ ' 1 8 8
R-sq.(adj) = 0.614 Deviance explained = 65.7% 9 9
-REML — -415.39 Scale est. - 0.0001324 n - 249 10 10

(a)

FowkR R RS ®

MSE
304642e-05
055237e-04
693191e-04
836420e-04
803503e-04
281100e-04
011483e-04
597374e-04
651435e-04
46739%4e-04

RMSE

. 009112981
.020137619
.013012268

013551456

.013429456

011318570

. 010057252
. 018966745
.025790377
.012113602

(b)

RMSE_rel RMSE_rel_pct
0.06540354 6.540354
0.14452697 14.452697
0.09338858 9.338858
0.09725832 9.725832
0.09638273 9.638273
0.08123297 8.123297
0.07218054 7.218054
0.13612366 13.612366
0.18509661 18. 509661
0.08693889 8.693889

FIGURE 31: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification

in tariff region B: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs
k
k
k

~ s(pays_above_threshold_Rtotal, k = 5) + s(pays_above_threshold_tmax,
5) + s(max.Tmax., k = 5) + s(Days_above_threshold_wspeed,

5) + s(pays_under_threshold_wspeed, k = 5) + s(max.wspeed.,

5)

parametric coefficients:
Estimate std. Error t value Pr(>[t|)
(Intercept) 0.0428464 0.0008253 51.91 <2e-16 ***

signif. codes:

0 fswmt 0,001 ‘"%’ 0.01 ‘*' 0.05 ‘.’ 0.1 ' ' 1

m
(=)
=
a

Approximate significance of smooth terms:

edf Rref.df
412 2.951
705 3.936
552 1.885
877 3.346
2
1

F  p-value
285 0.003844
15.470 < 2e-16
10.360 5.82e-05
.960 0.000306
11.918 7.02e-07
10.487 0.001346

e

s(pays_above_threshold_rtotal) 2. 4,
s(pays_above_threshold_Tmax)
s(max. Tmax. )
s(pays_above_threshold_wspeed)
s(pays_under_threshold_wspeed)
s(max. wspeed. )

signif. codes:

sewse
e

o

o

waw

392 .913

3.
1.
2.
2.
1. .001

001

o

0 fwEx’ 0,001 ‘**' 0.01 ‘%' 0.05 ‘.' 0.1 ‘"1

rR-sq. (adj) = 0.452
-REML = -487.04 scale est.

peviance explained = 47.9%
= 0.00019277 n = 283

(a)

o0 oo o B
(=T R I = VI SV N o

(=]
[

GO g N

MSE
086920e-04
995755e-04
208943e-04
689294e-05
587534e-04
042808e-04
989669e-04
420026e-04
310510e-04
490589e-05

RMSE

.010425544
.014127119

014862512
009321638
012599737

.010211795
. 014105562
.015556433
.030513129
.008056419

(b)

RMSE_rel RMSE_rel_pct

07482376 7.482376
10138983 10.138983
10666772 10.666772
06690106 6.690106
09042786 9.042786
07328969 7.328969
10123512 10.123512
11164797 11.164797
21899164 21.899164
05782063 5.782063

FIGURE 32: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification

in tariff region B: All crops.
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Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(max.Rtotal., 3) + s(pays_under_threshold_Tmin,
k = 3) + s(min.Tmin. , = 3) + s(max.Tmin., k = 3) + s(pays_under_threshold_Tmax,
k = 3) + s(min.Tmax., k = 3) + s(pays_above_threshold_wspeed,
k = 3) + s(pays_under_threshold_wspeed, k = 3)

k

parametric coefficients:
Estimate std. Error t value Pr(>|t|)
(Intercept) 0.025999  0.000737  35.27 <2e-16 ***

signif. codes: 0 “***' 0,001 ‘*** 0.01 ‘*’' 0.05 ‘.” 0.1 * "1

) o - " ) Fold MSE RMSE  RMSE_rel RMSE_rel_pct
APPOXITALE SIGMITICANCE OF SMOOtl FRer df ¢ p-value 1 1 1.592795e-04 0.012620600 0.22298011 22.298011
sgmaX-th-;ﬂ-)h hold_Tminy i-gég i'éScl) 12-22; g-gg;;gg o 2 2 9.334519e-05 0.009661531 0.17069944 17.069944
s (Days_under_thresl _Tmin, - . . . =
Simmingy 1.000 1.000 7.328 0.011258 * 3 3 1.395543e-05 0.003735697 0.06600211 6.600211
sEmax.Tnn':.) N 1.882 1972 6.263 0.003828 - 4 4 6.225626e-06 0.002495120 0.04408366 4.408366
s (Day t T . . . . wese
S e T S 11982 13,398 00018 wus 5 5 8.680680e-05 0.009317017 0.16461257  16.461257
5 (Days_above_threshold_wspeed) 1.000 1.000 18.152 0.000197 *** 6 6 2.548714e-05 0.005048479 0.08919627 8.919627
s(pays_under_threshold_wspeed) 1.881 1.982 14.464 5.57e-05 *** 7 7 4.217223e-05 0.006494015 0.11473592 11.473592
signif. codes: O ‘%%’ 0,001 ***’ 0.01 ‘*' 0.05 ‘.’ 0.1 * ' 1 8 8 2.135723e-06 0.001461411 0.02582014 2.582014
cosq. (a]) = 0759 Deviance explained - 82.6% 9 9 1.161173e-04 0.010775775 0.19038584  10.038584
-REML = -49.658 Scale est. = 2,2273e-05 n = 41 10 10 3.367296e-05 0.005802840 0.10252428 10.252428

(a) (b)

FIGURE 33: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region B: Vineyard.

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(min. Tmin., k = 6) + s(min.Tmax., k = 6) + s(min.wspeed.,
k =86)

parametric coefficients:
Estimate std. Error t value Pr>|t|)
(Intercept) 0.037761  0.001016 37.16  <2e-16 *¥%

signif. codes: 0 “***' 0,001 “**' 0.01 ‘*' 0.05 ‘. 0.1 * ' 1

aApproximate significance of smooth terms:

edf ref.df F p-value
s(min.Tmin.)  3.637 4.295 13.22 <2e-16 ***
s(min.Tmax.) 2.794 3.423 13.30 <2e-16 ***
s(min.wspeed.) 4.231 4.741 11.37 <2e-16 ***

signif. codes: 0 “¥%*' 0,001 “**' 0.01 ‘*' 0.05 ‘.' 0.1 * ' 1

R-s5q. (adj) = 0.153 peviance explained = 16.5%
-REML = -1072.9 scale est. = 0.00079815 n = 773

FIGURE 34: GAM results for the Tariffs specification in tariff region C: All except vine-
yard.
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B MODELS ESTIMATION IN TABLE IV

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(max.Rtotral., k = 4) + s(pays_above_threshold_tmin,
k = 4) + s(pays_under_threshold_tmin, k = 4) + s(max.Tmin.,
k = 4) + s(Days_above_threshold_Tmax, k = 4) + s(max.Tmax.,
k = 4) + s(Days_above_threshold_wspeed, k = 4) + s(Days_under_threshold_wspeed,
k = 4) + s(max.wspeed., k = 4)

Parametric coefficients:

estimate std. Error t value pr(>|t|)
(Intercept) 0.0381956 0.0005975 63.92 <2e-16 **x
signif. codes: 0 “***’ 0.001 “**’ 0.01 ‘%’ 0.05 ‘.” 0.1 * ' 1

Approximate significance of smooth terms:

edf Ref.df F p-value Fold MSE RMSE  RMSE_rel RMSE_rel_pct
sgrgax-Rtgtﬂ-ih bt i-ggg i-ggg iivgég gég;ég o 1 1 2.883651e-05 0.005369963 0.10752699 10.752699
s(Days_above_thresl _Tmin, . . . . b - 2
s(Da;s_under_thresho"ld_Tmin) 1.000 1.000 77.108 < 2e-16 *** 2 2 7.796468e-06 0.002792216 0.05591072 5.591072
s(max. Tmin.) 2.020 2.353 28.511 < 2e-16 *¥* 3 3 1.202488e-05 0.003467691 0.06943630 6.943630
:Ezzs;al;?\/g—thresmd—'mm ;-gg? g-g% i;;;é 7222:32 e 4 4 7.960875e-06 0.002821502 0.05649715 5.649715
s(pays_above_threshold_wspeed) 1.944 2.218 2.793 004491 * 5 5 3.358695e-06 0.001832674 0.03669708 3.669708
s(pays_under_threshold_wspeed) 1.020 1.036 33.058 1.26e-06 *** 6 6 3.119949e-05 0.005585650 0.11184586 11.184586
S(max. wspeed.) 1000 1,000 30193 . 402-06 =+ 7 7 1.392010e-05 0.003730064 0.07470803 7.470803
signif. codes: © “***’ 0.001 “**’ 0.01 ‘%’ 0.05 ‘.’ 0.1 * ' 1 8 8 5.527134e-07 0.000743447 0.01488662 1.488662
Resq. (adj) = 0.843  peviance explained = 88.9% 9 9 1.700731e-06 0,001304121 0.02611343 2.611343
-REML = -62.024 Scale est. = 1.6781e-05 n = 47 10 10 3.113435e-06 0.001764493 0.03533182 3.533182

(a)

(b)

FIGURE 35: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region A: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(max.Rtotal., k = 4) + s(pays_above_threshold_Tmin,
k = 4) + s(Days_under_threshold_Tmin, k = 4) + s(min.Tmax. ,
k = 4) + s(Days_above_threshold_wspeed, k = 4) + s(Days_under_threshold_wspeed,
k = 4) + s(min.wspeed. , k = 4)

parametric coefficients:

Estimate std. Error t value Pr(>/t|)
(Intercept) 0.0345376 0.0008592

Signif. codes:

40.2

0 “®%%’ 0,001 ‘**' 0.01

<2e-16 ¥

‘%' 0,05 .7 01" "1

Fold MSE RMSE  RMSE_rel RMSE_rel_pct
Approximate significance of smooth terms: 1 1 1.853130e-05 0.004304800 0.07112572 7.112572
< (nax. REotal.) Lo BT oo 5475 o onenis 2 2 2.921606e-05 0.005405189 0.08930682 8.930682
s(pays_above_threshold_tmin)  2.396 2.723 8.910 0.000403 *** 3 3 4.390452e-05 0.006626049 0.10947839 10.947839
s(pays_under_threshold_tmin) ~ 1.000 1.000 10.367 0.002354 :* 4 4 1.700227e-05 0.004123381 0.06812824 6.812824
Sy A threshold_vspest) 5650 3,908 20,380 5. saarey wew 5 5 2.037180e-05 0.004513513 0.07457418  7.457418
s(D:ays,nnder,thresho"ld,wspeed) 2.667 2.911 13.465 2.22e-06 *** 6 6 1_ SSGIOBE'OS 0. 003932591 0‘ 06580206 6. 580206
s(min. wspeed.) 1,000 1.000 6.119 0.017129 7 7 4.167070e-05 0.006455285 0.10665695  10. 665695
Signif. codes: 0 ‘%%’ 0,001 “**' 0,01 ‘%’ 0,05 .’ 0.1 ° "1 8 8 9.678782e-05 0.009838080 0.16254893  16.254893
cosq. (adf) - 0,64  veviance explained = 75.6% 9 9 1.084383e-05 0.003292996 0.05440828 5.440828
“REML - 85.658 Scale est. - 4.35556-05 n - 59 10 10 4.999590e-05 0.007070778 0.11682639  11.682639

(a)

(b)

FIGURE 36: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region A: All crops.
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Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(pays_above_threshold_rtotal, k = 5) + s(max.Rrtotal.,

k = 5) + s(pays_above_threshold_tmin, k = 5) + s(pays_under_threshold_Tmin,

5) + s(min.Tmin., k = 5) + s(max.Tmin., k = 5) + s(Days_above_threshold_Tmax,
5) + s(pays_under_threshold_Tmax, k = 5) + s(min.Tmax.,
5) + s(pays_above_threshold_wspeed, k = 5) + s(pays_under_threshold_wspeed,

k
k
k
k = 5) + s(min.wspeed. , k = 5)
parametric coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.052602 0.000158 332.9 <2e-16

Ssignif. codes: 0 *¥#%' 0.00L ‘**' 0.01 ‘%' 0.05

Approximate significance of smooth terms:

edf Ref.df

.905 3.959 81
.672
.692
. 000
. 000
.281

s (pays_above_threshold_rtotal)
s(max.Rrtotal.)
s(Days_above_threshold_Tmin)
s(pays_under_threshold_tmin)
s(min.Tmin.)

s(max.Tmin.)

756
574
.743
. 000
. 000

s(bays_under_threshold_Tmax)
s(min, Tmax.)
s(Days_above_threshold_wspeed)
5(Days_under_threshold_wspeed)
s(min.wspeed.) .000 58

signif. codes: 0 “***' 0.00L ‘¥*' 0.01 ‘*' 0.05 ‘.’

R-s5q.(adj) = 0.994 Dpeviance explained = 99.6%
=REML = -129.74 scale est. = 2.0971e-06 n = 84

(a)
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3 3
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1 1

3 3
s(pays_above_threshold_Tmax)  3.243 3.557 85.
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< 2e-16 *

< 2e-16

< 2e-16 *
3 < 2e-16
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135259e-05
531964e-06
293645e-04
569920e-04
875306e-07
442895e-06

RMSE

.1136990988
.0179751760
.0705208762
. 0156176696
. 0046208861
.0021288410
.0113738512
.0188942311
. 0008874292
.0018555041

(b)

RMSE_rel RMSE_rel_pct

. 912938062
.144330276
. 566241885
.125400862
.037103045
.017093363
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FIGURE 37: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region B: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(bays_above_threshold_Rtotal, k = 6) + s(max.Rtotal.,

k = 6) + s(pays_above_threshold_Tmin, k = 6) + s(Days_under_threshold_tmin,
6) + s(min.Tmin., k = 6) + s(Days_above_threshold_tmax,
6) + s(min.Tmax., k = 6) + s(max.Tmax., k = 6) + s(pays_above_threshold_wspeed,
6) + s(Days_under_threshold_wspeed, k = 6) + s(max.wspeed.,

k
k
k
k=16

Parametric coefficients:
Estimate std. Error t value Pr(>/t|)

(Intercept) 0.0498277 0.0004851 102.7 <2e-16 ***

signif. codes: © ‘**=' 0,001 “**' 0,01 ‘*' 0,05 ‘.’ 0.1 ‘ '1
Approximate significance of smooth terms:

df Ref.df F p-value
s(Days_above_threshold_rtotal) 4.688 4.885 27.066 < 2e-16
s(max.rtotal.) 1.643 1.918 32.491 2.36e-07
s(pays_above_threshold_tmin)  1.000 1.000 21.739 1.79e-05
s(Days_under_threshold_Tmin) 2.179 2.598 18.250 1.91e-07
s(min.Tmin.) 4.341 4,598 17.484 < 2e-16
s(Days_above_threshold_Tmax) 1.000 1.000 65.283 < 2e-16
s(min.Tmax. ) 4.132 4.404 20.595 < 2e-16
s (max. Tmax. ) 1.000 1.000 4.693 0.0342 *
s(Days_above_threshold_wspeed) 3.473 3.904 19.869 < 2e-16
s(Days_under_threshold_wspeed) 3.059 3.500 27.295 < 2e-16
s (max. wspeed.) 3.986 4.377 17.492 8.15e-07
signif. codes: 0 ‘w¥#' 0.001 ‘¥*’ 0.01 ‘%' 0.05 ‘.’ 0.1 ‘' 1

R-5q.(adj) = 0.944 Deviance explained = 96.3%
-REML = -127.5 sScale est. = 2.1888e-05 n = 93
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FIGURE 38: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region B: All crops.



Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(max.Tmin., k = 5) + s(max.Tmax., k = 5) + s(pays_under_threshold_wspeed,
k = 5) + s(max.wspeed., k = 5)

parametric coefficients:
Estimate std. Error t value Pr(>[t|)
(Intercept) 0.040359 0.001369 29.48 <2e-16 ***

signif. codes: 0 “***' 0.001 ‘**' 0.01 “*' 0.05 ‘.’ 0.1 ' '1
Approximate significance of smooth terms:
edf Ref.df £ p-value

s(max. Tmin.) 3.427 3.819 44.795 < 2e-16 **¥
s(max. Tmax.) 1.000 1.000 9.612 0.00211 **
s(Days_under_threshold_wspeed) 1.569 1.887 4.561 0.03771 *

s (max. Wspeed.) 2,436 2.997 4.546 0.00394 **
signif. codes: 0 ‘' 0.001 ‘**' 0.01 ‘*' 0.05 ‘.’ 0.1 * '1

R-sg. (adj) = 0.401 Deviance explained = 41.7%
-REML = -448.77 scale est. = 0.00058831 n = 314

(a)

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_rtotal, k = 6) + s(Days_under_threshold_Tmin,
k = 6) + s(pays_above_threshold_Tmax, k = 6) + s{Days_under_threshold_Tmax,
k = 6) + s(min.wspeed., k = 6) + s(max.wspeed., k = 6)

Parametric coefficients:
Estimate std. Error T value pr(=|t|)
(Intercept) 0.233367 0.002551 91.5  «2e-16 *¥¥

signif. codes: © ‘¥¥*’ 0,001 ‘¥*’ 0.01 ¥’ 0.05 ‘.7 0.1 ° "1
Approximate significance of smooth terms:

edf ref.df F p-value
s(Days_above_threshold_grtotal) 1.001 1.003 6.059 0.014359 *
s{Days_under_threshald_tmin) 2.483 3.089 4.216 0.005309 **
s(Days_above_threshold_Tmax) 1.000 1.000 8.351 0.004133 **
s(Days_under_threshold_Tmax) 3.137 3.822 3.760 0.004789 **
s(min.wspeed. ) 2.197 2.746 7.328 0.000339 #¥E
s(max.wspeed. ) 1.000 1.000 10.498 0.001328 **
signif. codes: 0 ‘¥¥*’ 0,001 ‘¥*’ 0.01 **' 0.05 ‘.7 0.1 ° "1
R-sq. (adj) = 0.22 Deviance explained = 24.7%

-REML = -312.64 scale est. = 0.0020427 n = 314

(b)

FIGURE 39: GAM results for the Tariffs with lagged climatic variables specification in
tariff region C: All crops (a) and tariff region D: All except vineyard (b).

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_tmax, k = 6) + s(pays_under_threshold_tmax,
k = 6) + s(pays_under_threshold_wspeed, k = 6)

parametric coefficients:
Estimate std. Error t value pPr(>|t|)

(Intercept) 0.087196 0.001205 72.33 <2e-16 *x* Fold MSE RMSE  RMSE_rel RMSE_rel_pct
- 1 1 0.0007003259 0.02646367 0.20221206 20.221206
signif. codes: 0 "+’ 0.001 “**’ 0.01 ‘*' 0.05 ‘.7 0.1 ' '1 2 2 0.0001778297 0.01333528 0.10189646 10.189646
approxinate significance of smooth terms: 3 3 0.0003900645 0.01975005 0.15091249  15.091249
edf Rref.df F p-value 4 4 0.0003878101 0.01969289 0.15047575 15.047575
sEDays_abzve_t:resm:llg_max; 2.840 3.479 14.840 <Ze-16 *** 5 5 0.0002442112 0.01562726 0.11940974 11.940974
s(pays_under_thres _Tmax_ 2.606 3.254 2.855 0.0303 * =
S (oays-under_threshold Toax) y Looo 2% 285 003 6 6 0.0001171057 0.01082154 0.08268866  &.268366
- 7 7 0.0006918662 0.02630335 0.20098702 20.098702
signif. codes: 0 ****’ 0.001 ***’ 0.01 **' 0.05 *.” 0.1 * "1 8 8 0.0002556386 0.01598870 0.12217157 12.217157
R-sq.(adj) = 0.528 Deviance explained = 54.8% 9 9 0.0003461896 0.01860617 0.14217196 14.217196
-REML = -343.67 sScale est. = 0.00031096 n = 214 10 10 0.0003512612 0.01874196 0.14320958 14.320958

(a) (b)

FIGURE 40: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region D: Vineyard.
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Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(pays_above_threshold_rtotal, k = 8) + s(max.Rtotal.,

= 8) + s(pays_above_threshold_Tmin, k = 8) + s(Days_under_threshold_tmin,
8) + s(min.Tmin., k = 8) + s(Pays_above_threshold_Ttmax,

8) + s(min.Tmax., k = 8) + s(Days_above_threshold_wspeed,

8) + s(pays_under_threshold_wspeed, k = 8) + s(min.wspeed.,

8)

mREES
wnonon

Parametric coefficients:
estimate std. Error t value pr(>|t|)
(Intercept) 0.135492 0.001622 83.51 <2e-16 ***

Signif. codes: © *¥**7 0.001 ***' 0.01 ‘%' Q.05 ‘.” 0.1 * " 1

Approximate significance of smooth terms:

edf ref.df F p-value
.000 1.000 28.567 3.14e-07 #*%*
.000 1.000 20.258 9.88e-06 ***
. 064

s{Dpays_above_threshold_Rtotal) 1

s(max. Rtotal.) 1 1
s{(pays_above_threshold_Tmin) 2 2.613 4.658 0.003614 **
s(pays_under_threshold_Tmin)  4.554 5.359 13.769 < 2e-16 ***
s{min.Tmin.) 3.254 3.959 7.153 3.26e-05 ®¥*
s(Days_above_threshold_Tmax)  3.221 3.999 4.905 0.000746 #**
s(min.Tmax. ) 2.442 3.040 3.514 0.013991 *
s(Days_above_threshold_wspeed) 3.866 4.676 21.092 < 2e-16 ***
s{Days_under_threshold_wspeed) 4.963 5.834 14.063 < 2e-16 ***
s(min.wspeed.) 4.885 5.724 7.041 1.43e-06 ***

signif. codes: 0 *w' 0,001 “**' 0,01 “*' 0.05 ‘.’ 0.1 * '1

R-sq.(adj) = 0.62 Deviance explained = 65.4%
-REML = -394.67 Scale est. = 0.00091077 n = 346
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FIGURE 41: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region E: Vineyard.
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Family: gaussian
Link function: identity

Formula:

C MODELS ESTIMATION IN TABLE VII

Bonus_over_Comercial_Prize ~ s(Days_above_threshold_rtotal, k = 5) +
s(trd_qt1_Rtotal_year, k = 5) + s(Days_above_threshold_Tmin,

k = 5) + s(Days_under_threshold_Tmin, k =

5) + s(min_Tmin,

k = 5) + s(max_Tmin, k = 5) + s(fst_qui_Tmin_year, k = 5) +
s(Days_above_threshold_Tmax, k = 5) + s(Days_under_threshold_Tmax,
k =5) + s(min_Tmax, k = 5) + s(fst_qtl_Tmax_year, k = 5) +
s(Days_under_threshold_Wspeed, k = 5) + s(min_wspeed, k = 5) +
s(fst_qul_wspeed_year, k = 5) + s(trd_qtl_wspeed_year, k = 5) +

s(vear, k = 3)

Parametric coefficients:

Estimate std. Error t value Pr(>|t|)

(Intercept) 0.337655 0.002164 248.5 <2e-16 ***
Signif. codes: 0 ¥¥¥' 0,001 ***’ 0.01L ‘%’ Q.05 ‘.” 0.1 * ' 1
Approximate significance of smooth terms:

edf Ref.df F p-value
s(Dpays_above_threshold_rRtotal) 1.000 1.000 107.758 < 2e-16 ***
s{trd_qtl_rtotal_year) 1.000 1.000 25.143 3.53e-06 ***
s(Days_above_threshold_Tmin) 2.425 2.817 5.226 0.01434 *
s(Days_under_threshold_Tmin) 2.405 2.813 4.011 0.00816 **
s{min_Tmin) 3.839 3.941 35.941 < 2e-16 ***
s(max_Tmin) 1.000 1.000 48.921 < 2e-16 ¥
s(fst_gtl_tmin_year) 1.000 1.000 3.305 0.07294 .
s(Days_above_threshold_Tmax) 1.000 1.000 21.681 1.35e-05 ¥ Fold MSE
s(pays_under_threshold_Tmax) 1.000 1.000 189.077 < 2e-16 ***
sCmin_Tmax) 1.000 1.000 19.469 3.33e-05 *** 1 1 0.0001843225 0
s(fst_qt]_Tmax_year) 1.000 1.000 57.038 < 2e-16 *** 2 2 0.0010183516 0
s(Days_under_threshold_wspeed) 2.622 3.037 16.994 < 2e-16 *** 3 3 0.0001937288 0
s({min_wspeed) 1.000 1.000 78.646 < 2e-16 ***
s(fst_qrl_wspeed_year) 1.166 1.282 15.953 5.03e-05 *** 4 4 0.0057826910 0
s(trd_qt]_wspeed_year) 1.000 1.000 31,518 4.25e-07 %** 5 5 0.0030246308 0.
s(Year) 1.382 1.591 122.567 < 2e-16 *** 6 6 0.0002855834 0
- . R A - . L 7 7 0.0015114665 0
signif. codes: 0 0.001 *' 0.01 0.05 ‘.7 0.1 1 8 8 0.0010621559 0
R-sq. (adj) = 0.907 Dpeviance explained = 92.9% 9 9 0.0009120089 0
-REML = -73.89 sScale est. = 0.00047757 n = 102 10 10 0.0005096840 0

(a)
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.02257618

(b)

RMSE_rel RMSE_rel_pct
0.03099961 3.099961
0.07286450 7.286450
0.03178075 3.178075
0.17363293 17.363293
0.12557503 12.557503
0.03858634 3.858634
0.08877003 8.877003
0.07441513 7.441513
0.06895514 6.895514
0.05154868 5.154868

FIGURE 42: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification

in tariff region A considering year as a predictor:

Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_Prize ~ s(Days_above_threshold_Rtotal, k =

5) +

s(min_Tmin, k = 5) + s(max_Tmin, k = 5) + s(Days_under_threshold_Tmax,
k = 5) + s(trd_qti_Tmax_year, k = 5) + s(Days_above_threshold_wspeed,
k = 5) + s(max_wspeed, k = 5) + s(fst_qtl_wspeed_year, k = 5) +

s(yvear, k = 5)

parametric coefficients:

estimate std. Error t value pr=[t|)

(Intercept) 0.561040 0.004202 133.5 <2e-16 ***
signif. codes: 0 ¥+’ Qg.00L ‘**' 0.01 ‘%' 0.05 ‘.' 0.1 ' '1
Approximate significance of smooth terms:
edf Rref.df F  p-value Fold MSE

s(Days_above_threshold_Rtotal) 2.195 2.634 32.339 < 2e-16 ***
s(min_tmin) 1.000 1.000 12.650 0.000532 ** 1 1 0.003750274 O
s (max_tmin) 1.000 1.000 3.489 0.064123 . 2 2 0.003177953 0
s(Days_under_threshold_Tmax) 1.548 1.896 21.496 < 2e-16 **¥*
s(trd_qtl_Tmax_year) 3.147 3.605 4.152 0.020339 * 3 3 0'001351'278 0
5(Days_above_threshold_wspeed) 1.000 1.000 17.045 6.64e-05 *** 4 4 0.002917315 0O
s (max_wspeed) 1.000 1.000 7.921 0.005675 ** 5 S 0.004231305 0.
s(fst_qt1_wspeed_year) 1.000 1.000 14.313 0.000239 ***
S0 L LR R R 6 60003529024 0
signif. codes: 0 “¥**' 0,001 “**' 0,01 ‘*' 0.05 ‘.7 0.1 ‘' ' 1 8 8 0.002027683 0

. . . 9 9 0.001313158 O
R-sq. (adj) = 0.72 Deviance explained = 75%
-REML = -97.522 Scale est. = 0.0024891 n = 141 10 10 0.003571542 0

(a)

All except vineyard.

. 06123948
. 05637333
. 03675973
.05401217
06504849
.05940559
.05610592
. 04502980
.03623752
. 05976238

(b)

RMSE_rel RMSE_rel_pct

0.12515127 12.515127
0.11520663 11. 520663
0.07512354 7.512354
0.11038128 11.038128
0.13293550 13.293550
0.12140347 12.140347
0.11466013 11.466013
0.09202457 9. 202457
0.07405634 7.405634
0.12213262 12.213262

FIGURE 43: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region A considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_Prize ~ s{trd_qgt1_Rtotal_year, k = 9) +
s(pays_above_threshold_tmin, k = 9) + s(pays_under_threshold_Tmin,
k = 9) + s(min_Tmin, k = 9) + s(fst_qul_Tmin_year, k = 9) +
s(trd_qtl_tmin_year, k = 9) + s(Days_under_threshold_Tmax,
k =9) + s(min_Tmax, k = 9) + s(max_Tmax, k = 9) + s(fst_qt1_Tmax_year,
k 9) + s(pays_above_threshold_wspeed, k = 9) + s(pays_under_threshold_wspeed,
k = 9) + s(max_wspeed, k = 9) + s(fst_qrl_wspeed_year, k = 9) +
s(vear, k = 9)

Parametric coefficients:
Estimate std. Error T value pr(=|t|)
(Intercept) 0.573994  0.002527 227.2 <2e-16 ***

signif. codes: 0 ‘***' 0.00L “**' 0.01 ‘*' 0.05 *.” 0.1 * ' 1
Approximate significance of smooth terms:
edf ref.df F p-value

s(trd_qtl1_rtotral_year) 2.843 3.291 8.924 5.27e-06 *¥%
s{Days_above_threshold_Tmin) 1.000 1.000 27.239 5.55e-07 ¥«
s(pays_under_threshold_Tmin) 4.265 5.066 4.440 0.000586 ***
s(min_Tmin) 5.405 6.128 6.148 4.26e-06 ***
s(fst_qrl_Tmin_year) 4.737 5.511 4.763 0.000133 %xx Fold MSE RMSE RMSE_rel RMSE_rel_pct
(trd_qt1_Tmin_) ) 1.000 1.001 18.427 2.72e-05 ¥ =
:(D;ysgunde':lgh?‘,::;lu'ld_Tmax) 3.982 4.727 9.728 6.30:-06 s 1 1 0.004924129 0.07017214 0.11213845 11.213845
ngir\_'rmaxg i;ﬁ ;.2& 1;.0?; g-gg(l}ﬂ; o 2 2 0.003083548 0.05552971 0.08873915 8. 873915
s(max_Tmax . . .7 . b
S(Fst_qtl_Tmax_year) 1.000 1.000 4.069 0.044958 * 3 3 0.002577175 0.05076588 0.08112632 8.112632
s(Days_above_threshold_wspeed) 1.000 1.000 3.829 0.051717 . 4 4 0.001607442 0.04009292 0.06407042 6.407042

_under_threshold_wspeed) 1.000 1.000 47.763 < 2e-16 ***
e e e 1. OO0 2 o Ao Ortoey +en 5 5 0.003808579 0.06171368 0.00862144 9. 862144
s(fst_qr1_wspeed_year) 1.000 1,000 10.143 0.001671 ** 6 6 0.001984214 0,04454452 0.07118428 7.118428
ff‘_'“r) 7.442 7.839 35.578 < ze-16 v 7 7 0.003400487 0.05831370 0.09318810 9.318810
signif. codes: 0 “*#*f 0,00L **' 0,01 ‘*' 0.05 .’ 0.1 * ' 1 8 8 0.001726742 0.04155408 0.06640542 6.640542
R-sq.(adj) = 0.816 Deviance explained = 84.6% 9 9 0. 049836_9:65 0.22324172 0.35675101 35.675101
-REML - -184.11 Scale est. — 0.0015896 n = 249 10 10 0.003185732 0.05644229 0.09019750 9.019750

(a) (b)

FIGURE 44: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region B considering year as a predictor: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(trd_gtl_rtotal_year, k = 13) +
s(Days_above_threshold_Tmin, k = 13) + s(min_Tmin, k = 13) +
s(fst_qul_tmin_year, k = 13) + s(trd_gtl_tmin_year, k = 13) +
s(pays_above_threshold_Tmax, k = 13) + s(min_Tmax, k = 13) +
s(max_Tmax, k = 13) + s(fst_qul_tmax_year, k = 13) + s(trd_qul_Tmax_year,
k = 13) + s(Days_above_threshold_wspeed, k = 13) + s(max_wspeed,

k = 13) + s(fst_qtl_wspeed_year, k = 13) + s(vear, k = 13)

Parametric coefficients:
estimate std. Error T value Pr>[tl)

(Intercept) 0.5837 0.0023 253.8 <2e-16 ***
;;m’f. codes: 0 ‘*¥*’ 0.001 ***’ 0.01 ‘%' 0.05 ‘.7 0.1 ‘"1
Approximate significance of smooth terms:

edf Ref.df F p-value
s(trd_qui_rrotal_year) 2.566 3.019 4.849 0.002417 **
s{(Days_above_threshold_Tmin) 1.000 1.000 11.842 0.000687 =%*
s(min_Tmin) 6.579 7.531 6.283 6.59e-07 *¥*
s(fst_qt1_Tmin_year) 3.651 4.396 2.847 0.015931 *
sEtrd,qt;,Tmithyeag‘ld , 2.036 2.482 7.582 0.000216 *** Eold MSE RMSE RMSE_rel WSE_I"E-|_pCt
s(Days_above_thres _Tmax’ 3.330 4.117 6.440 5.91e-05 #**
s(min_Tmax) 2,213 2.731 3.170 0.024293 * 1 1 0.0005685284 0.02384383 0.03781862 3.781862
s (max_Tmax) 1.000 1.000 33.613 < 2e-16 " 2 2 0.0015652255 0.03956293 0.06275063 6.275063
ngss—qt}—mawea”g 1920 233 3558 0.028023 3 3 0.0011950377 0.03456932 0.05483027 5.483027
s(trd_qtl_Tmax_year . . . .47e-05 Fiw
5(Dzysfabcve_thn)’/esho1d_wspeed) 0.752 10.624 15.698 < 2e-16 *%* 4 4 0.0017681243 0.04204907 0.06669388 6.669388
Sg:ax_ws?eed) g ) i-ggg i-ggg lg-ggg g-ggigég o 5 5 0.0013771783 0.03711035 0.05886060 5. 886060
s(fst_qtl_wspeed_year : . . . ok
S(vear) 0. 081 10.014 36.631 < 2e.16 %= 6 6 0.0006133567 0.02476604 0.03928133 3.928133
- 7 7 0.0004433666 0.02105627 0.03339728 3.339728
Signif. codes: 0 ****’ 0.001 ***' 0.01 **' 0.05 *.” 0.1 * "1 8 8 0.0021526222 0.04639636 0.07358910 7.358910
R-sq.(adj) = 0.851 Deviance explained = 87.8% 9 9 0.0014962905 0.03868191 0.06135325 6.135325
-REML = -206.86 Scale est. = 0.0014966 n = 283 10 10 0.0010546415 0.03247524 0.05150887 5.150887

(a) (b)

FIGURE 45: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region B considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(pays_above_threshold_rtotal, k = 13) +
s(trd_qt1_rtotal_year, k = 13) + s(pays_above_threshold_tmin,
k =13) + s(min_Tmin, k = 13) + s(max_Tmin, k = 13) + s(trd_qt1_Tmin_year,
k = 13) + s(Days_above_threshold_Tmax, k = 13) + s(Days_under_threshold_Tmax,
k =13) + s(min_Tmax, k = 13) + s(max_Tmax, k = 13) + s(trd_qtl_Tmax_year,
k = 13) + s(min_wspeed, k = 13) + s(max_wspeed, k = 13) +
s(vear, k = 13)

Parametric coefficients:
Estimate std. Error t value Pr(>[t|)
(Intercept) 0.581437 0.001639 354.8 <2e-16 ***

signif. codes: 0 “***' 0.001 ‘**' 0.01 ‘*' 0.05 ‘.” 0.1 ' ' 1

Approximate significance of smooth terms:
edf Ref.df F p-value

s(Days_above_threshold_rtotal) 1.292 1.499  5.355 0.008511 **

s(trd_qt1_Rrtotal_year) 3.199 3.915  3.890 0.002945 **

s(pays_above_threshold_tmin) 9.085 10.200 8.032 < 2e-16 ***

sErm’rL;m:ng gggg grlszsg 3.?; 1‘4323&2(55 e Fold MSE RMSE  RMSE_rel RMSE_rel_pct

s (max_Tmin; .97 7. 677 < 2e-16 W

S(trd_qu_Tmin_year) 3826 3.473  5.124 0,013121 * 1 1 0.002721342 0.05216648 0.05929802 5.929802

s (pays_above_threshold_Tmax) 1.001 1.002 8.755 0.003176 = 2 2 0.003509705 0.05924277 0.06734169 6.734169
_under_threshold_- . . . 16

Sy e ) o L ket 3 3 0.003991578 0.06317894 0.07181596 7.181596

s (max_Tmax) 4.058 4.882  4.243 0.000635 *** 4 4 0.003616161 0.06013452 0.06835535 6.835535

s(trd_qul_Tmax_year) 1.000 1.000 14.797 0.000131 *** 5 5 0.003011765 0.05487955 0.06238199 6.238199

s(min_wspeed) 5.103 6.258 5.825 5.01e-06 *¥x -

s (max_wspeed) 4.160 5.114 6.838 2.47e-06 *** 6 6 0.002267537 0.04761866 0.05412849 5.412849

s (vear) T1.195 J1. 772 144926 < 2510 === 7 7 0.001332469 0.03650300 0.04149323 4,149323

Sgnif. codes: 0 'e 0,001 %4t 0.01 ‘%' 0,05 .0 0.1 ¢ ' 1 8 8 0.002145331 0.04631772 0.05264969 5. 264969
4y = 0856 . ained = 56.0% 9 9 0.002378077 0.04876554 0.05543214 5.543214

B B e T - 10 10 0.003036192 0.05510165 0.06263446 6.263446

(a) (b)

FIGURE 46: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region C considering year as a predictor: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(Days_above_threshold_Rtotal, k = 13) +
s(trd_qt1_Rtotal_year, k = 13) + s(Days_above_threshold_tmin,
k =13) + s(min_Tmin, k = 13) + s(max_Tmin, k = 13) + s(Days_above_threshold_Tmax,
k =13) + s(min_Tmax, k = 13) + s(max_Tmax, k = 13) + s(fst_qtl_Tmax_year,
k = 13) + s(min_wspeed, k = 13) + s(max_wspeed, k = 13) +
s(vear, k = 13)

parametric coefficients:
Estimate std. Error t value Pr(>|t|)
(Intercept) 0.579311  0.001782 325.1 <2e-1f ¥¥¥

signif. codes: 0 ‘' 0,001 ‘**' 0,01 ‘*' 0,05 ‘.’ 0.1 ‘' 1

Approximate significance of smooth terms:
edf ref.df F p-value

s(pays_above_threshold_Rtoral) 1.578 1.940  2.389 0.078071 . Fold MSE RMSE RMSE_rel RMSE,FE14pCt
(bavs sbovetr ol Tin) 5755 10,000 5,803 < 2a.26 k¥t 1 1 0.001969130 0.04437438 0.05044125  5.044125
SinTnin) 1.300 1.533  8.442 0.000754 ** 2 2 0.002409013 0.04908170 0.05579153 5.579153
ax_Tmin) 5.301 6.481 5.305 7.62e-06 —

s(Days_above_threshold_Tmax) ~ 1.000 1.000 7.669 0.005729 ** 3 3 0.003361208 0.05797592 0.06590166 6. 590166
S Sies yees s sowm - 4 0.003674690 0.06061922 0.06820631 6. 890631
sgfgt:qt'l_TZ)ax_year) 5:58 8783 4.067 0000164 1ev 5 5 0.002310710 0.04806985 0.05464135 5.464135
e 00 1ees i sl 6 6 0.002707963 0.05203809 0.05915208 5.915208
s(vear) 11.402 11.884 117.327 < 2e-16 *=x 7 7 0.003227892 0.05681454 0.06458151 6.458151
Sianif. codes: © e’ 0.001 “%¥! 0.01 ‘47 0.05 .0 0.1 ¢ ' 1 8 8 0.002801777 0.05293182 0.06016798 6.016798

o e oo i - w0 e 9 9 0.003029441 0.05504036 0.06256478 6.256478
ot et gt S i ALl 10 10 0.003232886 0.05685848 0.06463145 6.463145

(a) (b)

FIGURE 47: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region C considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_Prize ~ s(Days_above_treshold_Rtotal, k = 10) +
s(trd_qtl_rtotal_year, k = 10) + s(Days_above_treshold_Tmin,
k = 10) + s(pays_under_treshold_tmin, k = 10) + s(min_tmin,
k = 10) + s(max_Tmin, k = 10) + s(fst_gtl_Tmin_year, k = 10) +
s(pays_under_treshold_tmax, k = 10) + s(min_Tmax, k = 10) +
s(max_Tmax, k = 10) + s(fst_qtl_Tmax_year, k = 10) + s(min_wspeed,
k = 10) + s(max_wspeed, k = 10) + s(vear, k = 10)

parametric coefficients:
Estimate std. Error t value Pr(=|t|)
(Intercept) 0.578121 0.001877 307.9 <2e-16 ***

S'ign'if. codes: 0 f¥¥¥' 0,001 ‘**' 0.01 ‘*' 0.05 ‘. 0.1 ' ' 1
Approximate significance of smooth terms:
edf ref.df F p-value

s(pays_above_treshold_rtotal) 2.196 2.743 5.612 0.001015 *#*
s{trd_qtl_rtotal_year) 2.842 3.503 8.646 9.8%e-06 #iw
s{Days_above_treshold_Tmin)  6.815 7.664 5.845 5.64e-07 ***
s(Days_under_treshold_Tmin) 1.171 1.311 4.907 0.043251 *
s(min_Tmin) 1.915 2.404 4.939 0.004696 **
s(max_Tmin) 5.203 6.186 5.131 9.26e-05 #**
s{fst_qt1_Tmin_year) 1.001 1.001 8.430 0.003773 **
s(Days_under_treshold_Tmax) 6.538 7.571 4.213 5.03e-05 ®¥*
s{min_Tmax) 7.006 7.975 11.432 < 2e-16 ***
s {max_Tmax) 3.956 4.760 3.707 0.002734 **
s(fst_qul_Tmax_year) 5.186 6.288 6.507 2.09e-06 ***
s(min_wspeed) 3.665 4.562 4.451 0.001323 **
s(max_wspeed) 1.000 1.000 15.122 0.000109 #=**
s(vear) 8.461 8.877 138.473 < 2e-16 #**
Signif. codes: 0 ‘***’' 0,001 ***' 0.01 ‘*’' 0.05 *." 0.1 * "1

R-sg. (adj) = 0.763 Dpeviance explained = 77.7%
-REML = -774.16 Scale est. = 0.0034363 n = 975
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FIGURE 48: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification

in tariff region C considering year as a predictor:

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(pays_above_threshold_Rrtotal, k = 12) +
s(trd_qt]_Rrrotal_year, k = 12) + s(Days_above_threshold_Tmin,
k = 12) + s(pays_under_threshold_tmin, k = 12) + s(min_Tmin,
k = 12) + s(max_Tmin, k = 12) + s(fst_qrl_Tmin_year, k = 12) +
s(trd_gtl_tmin_year, k = 12) + s(pays_above_threshold_Tmax,
k = 12) + s(min_Tmax, k = 12) + s(max_Tmax, k = 12) + s(fst_qt1_Tmax_year,
k = 12) + s(Days_above_threshold_wspeed, k = 12) + s(Days_under_threshold_wspeed,
k = 12) + s(min_wspeed, k = 12) + s(max_wspeed, k = 12) +
s(Fst_qtl_wspeed_year, k = 12) + s(trd_qtl_wspeed_year, k = 12) +
s(vear, k = 12)

parametric coefficients:
Estimate std. Error T value Pr>|t|)
(Intercept) 0.62053 0.00121  512.7 <2e-16 ***

signif. codes: 0 ¥’ 0.001L 7 0.01 ‘*’ 0.05 ‘. 0.1 ' ' 1
Approximate significance of smooth terms:
edf ref.df F p-value

s(Dpays_above_threshold_Rtotal) 5.847 6.746 11.102 < 2e-16 ***
s(trd_qtl_rtotal_year) 4.831 5.541  5.503 3.30e-05 #¥*
s (Dpays_above_threshold_Tmin) 7.008 8.038 9.354 < 2e-16 ***
s (pays_under_threshold_Tmin) 1.000 1.000 23.709 1.8le-06 =**
s (min_tmin) 5.585 6.482 7.573 < 2e-16 *%*
s (max_Tmin) 1.000 1.000 4.503 0.034380 *
s(fst_qgtl_tmin_year) 1.000 1.000 6.669 0.010133 *
s(trd_qtl_Tmin_year) 6.901 7.921 10.555 < 2e-16 ***
s (pays_above_threshold_Tmax) 6.222 7.237 15.220 < 2e-16 **x
s (min_Tmax) 4.192 4.905 5.793 5.49e-05 #¥¥
s (max_Tmax) 1.000 1.000 23.487 2.00e-06 #**
s(fst_qtl_Tmax_year) 5.700 6.656 7.187 2.68e-07 ***

s(pays_above_threshold_wspeed) 1.000 1.000 17.188 4.10e-05 =**

s(pays_under_threshold_wspeed) 5.027 5.980 4.475 0.000321 ***
s(min_wspeed) 8.077 8.852 6.339 < 2e-16 ®¥¥
s(max_wspeed) 1.824 2.060 3.327 0.035260 *

s(fst_qtl_wspeed_year) 1.000 1.000 14.188 0.000188 =**
s(trd_qul_wspeed_year) .205 7.250 3.517 0.001696 **
s(vear) 10.618 10.869 117.376 < 2e-16 **¥
signif. codes: 0 “*¥*’' 0.001 ‘**’ 0.01 ‘%' 0.05 ‘.” 0.1 ‘"1

R-sq.(adj) = 0.924 peviance explained = 93.7%
-REML = -525.02 Scale est. = 0.000766 n = 523
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FIGURE 49: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region D considering year as a predictor: All except vineyard.

61



Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(pays_above_threshold_rtotal, k = 12) +
s(trd_qtl_rtotal_year, k = 12) + s(Days_above_threshold_tmin,
k = 12) + s(pays_under_threshold_Tmin, k = 12) + s(trd_qt]l_tmin_year,

k = 12) + s(Dpays_under_threshold_Tmax, k = 12) + s(min_Tmax,

k = 12) + s(max_Tmax, k = 12) + s(fst_qrl_Tmax_year, k = 12) +
s(rrd_qrl_Tmax_year, k = 12) + s(Days_above_threshold_wspeed,

k = 12) + s(pays_under_threshold_wspeed, k = 12) + s(min_wspeed,
k = 12) + s(max_wspeed, k = 12) + s(fst_qtl_wspeed_year,

k = 12) + s(vear, k = 12)

parametric coefficients:
Estimate std. Error t value Pr>|t|)
(Intercept) 0.639043 0.001687 378.7 <2e-16 "¥%

signif. codes: © “*#*' 0.00L “**' 0.01 ‘*' 0.05 ‘.7 0.1 ¢ 71

Approximate significance of smooth terms:
edf ref.df F p-value

s(Days_above_threshold_rRtotal) 7.306 8.464 9.658 < 2e-16 *¥*

s(trd_qt1_Rtotal_year) 4,121 4,944 12.721 < 2e-16 #¥%

s(pays_above_threshold_Tmin)  5.452 6.609 5.833 3.42e-06 ***

s(pays_under_threshold_Tmin) 7.990 9.187 9.124 < 2e-1§ ***

s{trd_qul_Tmin_year) 3.498 4.386 3.256 0.009224 =~

s(pays_under_threshold_Tmax)  2.184 2.801 6.323 0.000545 ***

5(min_Tmax) 5.874 7.042 6.034 6.98e-07 ***

s (max_Tmax) 1000 1.000 21.828 3.908-06 &% Fold MSE RMSE  RMSE_rel RMSE_rel_pct
SEfssquJmaL)iea"g i-ggé lg-ééé 12%32 0<oi§;lsg e 1 1 0.003074257 0.05544598 0.09313044 9.313044
s(trd_qt1_Tmax_year . . . . *

s(pays_above_threshold_wspeed) 8.805 9.677 8.306 < 2e-16 ®** 2 2 0.002908926 0.05393446 0.09055158 9. 059158
s(Days_under_threshold_wspeed) 4.059 4.996 5.714 3.06e-05 *** 3 3 0.002548845 0.05048609 0.08479949 8.479949
sgm-‘nmwspeegg 6.919 8.022 8.011 < 2e-16 *** 4 4 0.003714147 0.06094381 0.10236491 10. 236401
s{max_wspee 1.000 1.000 4.897 0.027205 * 5 5 0.004125372 0.06422906 0.10788302 10.788302

f 1 . . . . “

S{fetgri_wspeer.year) S e s v L 6 6 0.002913156 0.05397366 0.09065743  0.065743
- 7 7 0.003665588 0.06054410 0.10169353 10.169353
signif. codes: 0 “¥**' 0.001 “**’ 0.01 **' 0.05 *." 0.1 ' "1 8 8§ 0.003097748 0.05565742 0.09348538 9.348558
R-5q.(adj) = 0.799 Dpeviance explained = 81.8% 9 9 0.003971460 0.06301952 0.10585140 10. 585140
-REML = -713.58 scale est. = 0.0024859 n = 873 10 10 0.003426175 0.05853354 0.09831648 9.831648

(a) (b)

FIGURE 50: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region D considering year as a predictor: All crops.

Family: gaussian
Link function: identity

Formula:
Bonus_over_Comercial_Prize ~ s{Days_above_threshold_Rtotal, k = 12) +
s(trd_qtl_rtotal_year, k = 12) + s(pays_above_threshold_tmin,
k = 12) + s(pays_under_threshold_Tmin, k = 12) + s(min_Tmin,
k = 12) + s(max_Tmin, k = 12) + s(fst_qul_Tmin_year, k = 12) +
s{trd_gt1_Tmin_year, k = 12) + s(Days_above_threshold_Tmax,
=12) + s(min_Tmax, k = 12) + s(max_Tmax, k = 12) + s(fst_qtl_Tmax_year,
12) + s(trd_qtl_Tmax_year, k = 12) + s(Days_above_threshold_wspeed,
12) + s(min_wspeed, k = 12) + s(fst_qtl_wspeed_year,
12) + s(trd_gtl_wspeed_year, k = 12) + s(vear, k = 12)

mEAE

Parametric coefficients:
Estimate std. Error t value Pr(>|t|)
(Intercept) 0.627308 0.000914 686.3 <2e-16 *¥**

signif. codes: © %' 0,001 “**' 0.01 “*' 0.05 ‘.’ 0.1 “ ' 1
approximate significance of smooth terms:

edf Rref.df F p-value
s(Days_above_threshold_rtotal) 5.987 7.070 7.297 < 2e-16 ¥¥%
s(trd_qt1_rtotal_year) 5.204 6.148 9.265 < 2e-16
s{Days_above_threshold_tmin) 2.621 3.225 15.614 < 2e-16 *¥*
s(Days_under_threshold_Tmin) 5.088 6.052 12.660 < 2e-16 ***
s(min_Tmin) 1.000 1.001 9.374 0.00224 ¥
s (max_Tmin) 3.808 4.581 11.506 < 2e-16 ***
s(fst_qtl_tmin_year) 5.327 6.321 32.734 < 2e-16 *¥¢
s(trd_qt1_Tmin_year) 2.993 3.689 5.274 0.00135 **
s(Dgys_above_\:hresho1d_Tmax) 7.623 B8.704 7.446 < 2e-16 ¥¥¥ Fold MSE RMSE RMSE_rel RlﬂSE_rE1_pct
sgminnad Do vaen saems s 1 1 0.0007670452 0.02769558 0.03311771 3.311771
s(Fst_qt1_Tmax_year) 4.560 5.423 4.433 0.00107 ** 2 2 0.0011427630 0.03380478 0.04042295 4,042295
ifﬁ;ﬂ;qilslﬂai‘ﬁ¥§§ﬁi1d wspeed) i-;gf i i:g 1;-3‘;‘2) g ggégé - 3 3 0.0024969855 0.04996985 0.05975275 5.975275
s(min_wspeed) B 5.031 7.012  0.138 < 2e-16 4% 4 4 0.0006871823 0.02621416 0.03134627 3.134627
s(fst_qt1_wspeed_year) 3.935 4.841 9.244 < 2e-16 *** 5 5 0.0005888410 0.02426605 0.02901676 2.901676
:ggg;g“—ws"m‘—ye“) G159 8B4 G616 < 2e15 T [ 6 0.0009909821 0.03147987 0.03764287 3.764287
o 7 7 0.0009651285 0.03106652 0.03714860 3.714860
Signif. codes: © **** 0.001 ‘**' 0.01 *** 0.05 ‘.7 0.1 * "1 8 8 0.0029243039 0.05407683 0.06466378 6.466378
R-sq.(adj) = 0.883 Dewiance explained =  89% 9 9 0.0014104384 0,03755580 0.04490833 4,490833
-REML = -1547.8 scale est. = 0.0011244 n = 1346 10 10 0.0008184349 0.02860830 0.03420912 3.420912

(a) (b)

FIGURE 51: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E considering year as a predictor: All except vineyard.
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Family: gaussian
Link function: identity

Formula:

Bonus_over_Comercial_prize ~ s(trd_qtl_Rtotal_year, k = 17) +
s(Dpays_above_threshold_Tmin, k = 17) + s(pays_under_threshold_Tmin,

17) + s(min_Tmin, k = 17) + s(max_Tmin, k = 17) + s(fst_qtl_Tmin_year,

17) + s(pays_above_threshold_tmax, k = 17) + s(max_Tmax,

17) + s(fst_qt1_Tmax_year, k = 17) + s(Days_above_threshold_wspeed,

17) + s(max_wspeed, k = 17) + s(fst_qtl_wspeed_year,

17) + s(vear, k = 17)

rEEES
[

parametric coefficients:
Estimate std. Error t value Pr(-|t|)
(Intercept) 0.627063 0.001014 618.4 <2e-16 *¥%*%

signif. codes: 0O “***' 0,001 “**' 0.01 ‘*' .05 ‘. 0.1 * ' 1

aApproximate significance of smooth terms:
edf Ref.df F p-value

s(trd_qt1_rtotal_year) 5.059 6.139 5.185 2.46e-05 ***

s(Days_above_threshold_Tmin) ~ 1.000 1.000 31.362 < 2e-16 ***

s(Days_under_threshold_Tmin) 3.169 3.974 2.358 0.04331 *

s(min_Tmin) 1.001 1.003 9.293 0.00231 ** Fold MSE RMSE RMSE_rel RMSE_rel_pct

s(max_tmin) 3.583 4.453  6.692 1.29e-05 ** 1 1 0.001886916 0.04343864 0.05194289 5.194289

L(omys wbove thiehaldTnax) 5298 5063 5843 < rets wee 2 2 0.002433408 0.04932959 0.05898714 5.898714

SggaiLTﬁxz_m ) }'3?,1; %22? 2?23 5643(%;2; o 3 3 0.001623724 0.04029546 0.04818435 4,818435

s(fst_qti_tmax_year . . . . ok

s(Daysiabove_(h¥esm1d_wspeed) 3.071 3.840 3.919 0.00564 ** 4 4 0.001543453 0.03928681 0.04697823 4.697823

sggax_wsqead) . ) 2.806 3.570 3.071 0.01432 * 5 5 0.002169560 0.04657853 0.05569750 5. 569750
T_qrl_w R 6.253 7.649  3.052 0.00262 **

e JRIELE AL o cnommaceaumos Lo

Signif. codes: 0 ‘¥%X' 0,00 %X’ 0,01 %' 0.05 ' 0.1 ° ' 1 8 8 G: 003147188 0:05609980 0: 06708280 6:?08280

R-sq.(ad]) = 0.834 Deviance explained = 83.9% 9 9 0.001867960 0.04321990 0.05168132 5.168132

-REML = -1886.1 sScale est. = 0.001824 n = 1774 10 10 0.001751165 0.04184692 0.05003954 5.003954

(a) (b)

FIGURE 52: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E considering year as a predictor: All crops.

Family: gaussian
Link function: identity

Formula:

Bonus_over_comercial_prize ~ s(Days_above_threshold_rtotal, k = 12) +
s (Days_above_threshold_tmin, k = 12) + s(Days_under_threshold_tmin,
k =12) + s{max_Tmin, k = 12) + s(trd_qt1_Tmin_year, k = 12) +
s(Days_above_threshold_tmax, k = 12) + s(pays_under_threshold_tmax,

12) + s(fst_gtl_Tmax_year, k = 12) + s(trd_qt1_Tmax_year,

k = 12) + s(pays_above_threshold_wspeed, k = 12) + s(max_wspeed,

k = 12) + s(fst_gtl_wspeed_year, k = 12) + s(vear, k = 12)

Parametric coefficients:
Estimate std. Error T value pr(>|t|)
(Intercept) 0.622565 0.001621 384.1 <2e-16 **¥

signif. codes: 0 “***' 0.001 ‘**' 0.01 ‘*' 0.05 “.' 0.1 * ' 1

Approximate significance of smooth terms:
edf ref.df F p-value

s(pays_above_threshold_rrotal) 1.199 1.352 21.440 5.98e-06

s(Days_above_threshold_Tmin) 4.119 5.058 13.448 < 2e-16 #**

s(Days_under_threshold_tmin) 8.785 9.789 8.328 < 2e-16 ***

s(max_Tmin) 6.436 7.719 6.623 < 2e-16 ®¥¥

s(trd_qt1_Tmin_year) 1.001 1.002 10.052 0.001634 ** Fold MSE RMSE  RMSE_rel RMSE_rel_pct
s(Days_above_threshold_Tmax) 5.834 7.038  5.249 8.40e-06 =u* —mAr =
s(pays_under_threshold_tmax) 7.723 B8.928 6.472 < 2e-16 ¢ B 1 0.0012341106 0.03512991 0'0,040_5_19 7'040§1g
s(fst_gt]_Tmax_year) 1.773 2.206 9.711 5.00e-05 #%% 2 2 0.0007960967 0.02821519 0.05654713 5.654713
s(trd_qrl_Tmax_year) 3.667 4.586  4.397 0.000988 ="~ 3 3 0.0014558736 0.03815591 0.07646972 7.646972
s(pays_above_threshold_wspeed) 3.398 4.269 8.326 1.69e-06 *** 4 4 0.0006886568 0.02624227 0.05259314 5.259314
s(max_wspeed) 7.194 8.504 5.536 1.24e-06 wn¥

s(fst_qt1_wspeed_year) 6.754 B8.027 10.545 < 2e-16 **¥ 5 5 0.0008413869 0.02900667 0.05813337 5.813337
s(vear) 10.517 10.887 145.849 < 2e-16 #%% 6 6 0.0010592425 0.03254601 0.06522669 6.522669
- o o . L - 7 7 0.0013559395 0.03682308 0.07379855 7.379855
Signif. codes: 0 “***' 0.001 ‘**’ 0.01 ‘** 0.05 ‘.7 0.1 N 8 8 0.0008587868 0.02930506 0.05873140 5.873140
R-5q.(adj) = 0.922 Deviance explained = 93.4% 9 9 0.0011169610 0.03342097 0.06698023 6.698023
_REML = -415.53 scale est. = 0.0011824 n = 450 10 10 0.0006803904 0.02608429 0.05227653 5.227653

(a) (b)

FIGURE 53: GAM (a) and 10-fold cross-validation (b) results for the BoCP specification
in tariff region E considering year as a predictor: Vineyard.

63



Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(Days_above_threshold_Rtotal, k = 6) + s(Days_above_threshold_tmin,
k = 6) + s(pays_under_threshold_Tmin, k = 6) + s(pays_above_threshold_Tmax,

k = 6) + s(pays_under_threshold_Tmax, k = 6) + s(min.Tmax. ,
k = 6) + s(max.Tmax., k = 6) + s(max.wspeed., k = 6) + s(vear,
k =6)

parametric coefficients:
Estimate std. Error t value Pr(>it|)
(Intercept) 0.0364485 0.0002704 134.8 <2e-16 ***

signif. codes: 0 ‘***’ 0,001 “**’ 0.01 **’ 0.05 “.” 0.1 * ' 1

Approximate significance of smooth terms:

5(Days_above_threshold_Rtotal) 1 ggg Rifbgg 15 12; Op;);g;ﬁ boinind Fold MSE RMSE RMSE_rel RMSEJE1JC“
S(pays_above_threshold_Tmin) ~ 4.466 4.798 6.773 1.95@-05 %% - 1 1.697684e-05 0.004120297 0.07805073 7.805073
s(Days_under_threshold_Tmin)  1.000 1.000 51.397 < 2e-16 **x 2 2 7.405816e-06 0.002721363 0.05155074 5.155074
s(Days_above_threshold_Tmax) 1.000 1.000 24.352 4.36e-06 :": 3 3 1.102464e-06 0.001049983 0.01988981 1.9889081
e T e 3000 “5.200 0093508 or 4 4 7.859444e-06 0.002803470 0.05310610 5.310610
sgmax.max.a , ]';2;4 i.gég s?égg < gefig s 5 5 4.240560e-05 0.006511959 0.12335595 12.335595
s (max. Wspeed. S517 4. . D :x 6 6 3.201405e-06 0.001789247 0.03389368 3.389368
s(vean) 3.000 3312 40,441 < 2718 7 7 1.149001e-05 0.003389692 0.06421089 6.421089
Signif. codes: 0 ‘7 0.001 ***’' 0.01 **’ 0.05 *.” 0.1 * ' 1 8 8 9.881750e-06 0.003143525 0.05954776 5.954776
fosq. (af) — 0881 peviance explained  %0.3% 9 9 3.355025e-05 0.005792258 0.10972267  10.972267
“REML = -219.62 Scale est. - 7.4558e-06 n = 102 10 10 2.609315e-06 0.001615337 0.03059931 3.059931

(a) (b)

FIGURE 54: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region A considering year as a predictor: All except vineyard.

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(Days_above_threshold_Rtotal, k = 10) + s(max.wspeed.,
k = 10) + s(vear, k = 10)

Parametric coefficients:
Estimate std. Error t value Pr(=/t|)
(Intercept) 0.0318699 0.0006673 47.76 <2e-16 ***

siani . ewnt e o . . Fold MSE RMSE  RMSE_rel RMSE_rel_pct
Signif. codes: © 0.001 001 7% 0.05 T 0.1 T T 1 1 7.410421e-05 0.008608380 0.13793380  13.793380
Approximate significance of smooth Terms: 2 2 8.599771e-05 0.009273495 0.14859106  14.859106

edf Ref.df F p-value 3 3 1,076578e-04 0.010375828 0.16625397  16.625397
s(Days_above_threshold_Rtoral) 1.000 1.001 4.572  0.0343 * 4 4 3.623293e-05 0.006019380 0.09644972 9.644972
s(max. wspeed. ) 3.008 3.775 10.612 8.108-07 %+ 5 5 9.620704e-05 0.009808519 0.15716385  15.716385
s(vear) 3.000 3.686 10.198 1.59e-06 *4* 6 6 6.983530e-05 0.008356752 0.13390191 13.390191
o R - . . 7 7 4.796351e-05 0.006925569 0.11096877  11.096977
signif. codes: 0 0-001 001 77 0.05 .7 0.1 1 T L 8 B 9.77278le-05 0.009885738 0.15840115  15.840115
R-sq. (adj) = 0.435 Deviance explained = 46.3% 9 9 3.581740e-05 0.005984764 0.09589507 9. 589507
-REML = -291.69 scale est. = 6.2785e-05 n = 141 10 10 3.065932e-05 0.005537086 0.08872183 8.872183

(a) (b)

FIGURE 55: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region A considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_Rtotal, k = 7) + s(Days_above_threshold_Tmin,
7) + s(min.Tmin., k = 7) + s(Days_above_threshold_tmax,

k 7) + s(max.Tmax., k = 7) + s(Days_above_threshold_wspeed,

k = 7) + s(min.wspeed., k = 7) + s(max.wspeed., k = 7) +

s(year, k = 7)

parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.0450939 0.0007393 60.99 <2e-16 **

Signif. codes: O ‘***’ 0.001 ‘**' 0.01 ‘*' 0.05 ‘." 0.1 ' "1
Approximate significance of smooth terms:

edf Rref.df Fp-value Fold MSE RMSE  RMSE_rel RMSE_rel_pct
(D: _ab _thi hold_rtotal) 3.248 3.940 4.656 0.001132 ** - -
<(0ays_above threshold Tmin ~ 1.000 1001 27.029 5.708-07 ** 1 1 8.304642e-05 0.009112981 0.06540354 6.540354
BT ey L0 1000 14788 0000157 e 2 2 4.055237e-04 0.020137619 0.14452697  14.452697
5(Days_above_thres| L_Tmax. : . 7 -63e-05 3 3 1.693191e-04 0.013012268 0.09338858 9. 338858
( LTI L) 1.000 1.000 10.613 0.001296 ** -
<(Days. above_threshold_uspeed) 2,316 2.823 6,735 0001535 ** 4 4 1.836420e-04 0.013551456 0.09725832 9.725832
sgmfn.wspeeg.g i-;z; é-g;g Z'Z?Z 0-0(2?55;2 = 5 5 1.803503e-04 0.013429456 0.09638273 9.638273
s{max. wspeed. : . . < 2e- o
Saax.y 4769 5.270 9.526 < 2e-16 1 6 6 1.281100e-04 0.011318570 0.08123297 8.123297
7 7 1.011483e-04 0.010057252 0.07218054 7.218054
signif. codes: 0 '***’ 0.001 ***' 0.01 **' 0.05 ‘.7 0.1 ' "1 8 8 3.597374e-04 0,.018966745 0.13612366 13.612366
fesq. (adj) = 0.603 beviance explained = 6% 9 9 6.651435e-04 0.025790377 0.18509661  18.509661
-REML = -424.43 Scale est. = 0.0001361 n = 249 10 10 1.467394e-04 0,012113602 0.08693889 8.693889

(a) (b)

FIGURE 56: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region B considering year as a predictor: All except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_rtotal, k = 8) + s(Days_above_threshold_Tmin,
k = 8) + s(Days_above_threshold_Tmax, k = 8) + s(max.Tmax.,
k = 8) + s(pays_under_threshold_wspeed, k = 8) + s(max.wspeed.,
k = 8) + s(vear, k = 8)

parametric coefficients:
estimate std. Error t value Pr>[t|)
(Intercept) 0.0428464 0.0007782 55.06 <2e-16 ¥«

signif. codes: O *#*¥' 0.001 ‘**’ 0.01 ‘*' 0.05 ‘.” 0.1 ' ' 1

Fold MSE RMSE  RMSE_rel RMSE_rel_pct
Approximate significance of Smﬂothd;e;mfs_idf . . 1 1 1.449774e-04 0.012040655 0.08641535 8.641535
e er. -value
s(pays_above_threshold_Rrtotal) 2.514 3.180 3.006 u?ozssss ~ 2 2 1.468819e-04 0.012119484 0.08698110 8.698110
s(Days_above_threshold_Tmin) ~ 1.001 1.001 13.131 0.000347 *%x 3 3 2.079023e-04 0.014418819 0.10348335 10. 348335
sanys,ahwg,threshom,max) igéé :ggz ;iggé 4<s§e%§ 4 4 7.367886e-05 0.008583639 0.06160447 6.160447
s(max. Tmax. - - - .52e- o - -
s(Days_under_threshold_wspeed) 1.580 1.946 11.103 6.49e-05 *** 5 5 1.244454e-04 0.011155511 0. 089062'1 3'9052"1
s(max. wspeed.) 1.000 1.000 18.734 2.17e-05 *%x 6 6 8.850289e-05 0.009407597 0.06751799 6.751799
ff‘_’“r) 4-441 5. 301 32266 S 2e=16 === 7 7 1.127749e-04 0.010619551 0.07621614 7.621614
Signif. codes: O *%%%’ 0,001 ‘%%’ 0.0L **' 0.05 *.’ 0.1 * ' 1 8 8§ 2.417690e-04 0.015548921 0.11159405 11.159405
) . . 9 9 7.836805e-04 0.027994294 0.20091405 20.091405
R-sq.(adj) = 0.513 _ Deviance explained = 53.9% 10 10 9.910197e-05 0.009954997 0.07144666 7.144666

-REML = -491.79 sScale est. = 0.00017136 n = 283

(a) (b)

FIGURE 57: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region B considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_Tmin, k = 3) + s(Days_under_threshold_Tmax,
k = 3) + s(min.Tmax., k = 3) + s(pays_under_threshold_wspeed,
k = 3) + s(vear, k = 3)

parametric coefficients:
Estimate std. Error t value Pr(>|t|)
(Intercept) 0.0259990 0.0005187 50.12  <2e-16 **%

Signif. codes: 0 “%¥+' 0,001 “**' 0.01 ‘*' 0.05 .’ 0.1 ' ' 1 Fold MSE RMSE  RMSE_rel RMSE_rel_pct
) o 1 1 8.925266e-05 0.009447362 0.16691551  16.691551
Approxinate significance of smoth cerms: I 2 2 2.267042e-05 0.004761346 0.08412322 8.412322
s(Days_above_threshold_Tmin) 1.918 1.993 30.550 < 2e-16 *** 3 3 3.943197e-06 0.001985748 0.03508410 3.508410
sEDays_unde;_threshmd_Tmax) 1.274 1.472 7.003 0.01651 ¥ 4 4 1,080418e-05 0.003286971 0.05807403 5.807403
s(min. Tmax. 1.000 1.000 10.209 0.00314 ** 5 5 9.771655e-06 0.003125965 0.05522938 5.522938

s(pays_under_threshold_wspeed) 1.932 1.995 15.559 3.13e-05 ***
. 6 6 2.861738e-05 0.005349521 0.09451506 9.451506

Y 1.953 1.997 49.639 2e-16 *%®
s (vear) i 7 7 1.221873e-05 0.003495530 0.06175885 6.175885
signif. codes: 0 ****' 0.001 ***' 0.01 **' 0.05 *.” 0.1 ' "1 8 8 6.550597e-06 0.002559413 0.04521958 4.521958
fesq.(adi) = 0.881 Deviance explained = 90, 5% 9 9 5.007702e-06 0.002237789 0.03953715 3.953715
TREML = 273.418 scale est, - 1.1032e-05 n = 41 10 10 5.409670e-06 0.002325870 0.04109335 4.109335

(a) (b)

FIGURE 58: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region B considering year as a predictor: Vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(Days_above_threshold_Rtotal, k = 10) + s(Days_above_threshold_Tmin,
k = 10) + s(pays_above_threshold_Tmax, k = 10) + s(Days_under_threshold_tmax,
k =10) + s(max.Tmax., k = 10) + s(pays_under_threshold_wspeed,
k = 10) + s(vear, k = 10)

Parametric coefficients:
Estimate Std. Error t value Pr(-|t|)
(Intercept) 0.160634 0.002405 66.8 <2e-16 %

Signif. codes: 0 “¥e%’ 0.001 ¢’ 0.01 ‘%7 0.05 .’ 0.1 ' ' 1 Fold MSE RMSE RMSE_rel RMSE_rel_pct
. - . ) 1 1 0.005239873 0.07238697 0.2113328 21.13328
Approxinate significance of Smotl tRet.of  r pvalue 2 2 0.005573850 0.07465822 0.2179637 21.79637
s(pays_above_threshold_Rtotal) 4.365 5.396 5.449 4.97e-05 wv* 3 3 0.005740190 0.07576404 0.2211922 22,.11922
we_th 1 i X . . . s hut
sowssbore retoldTaiy - 225 3189 323 doneey - 4 40005046646 0.07103975 0.2073997 2073997
s(pays_under_threshold_Tmax) 1.000 1.001 7.834 0.005237 ** 5 5 0.005866916 0.07659580 0.2236203 22.36205
(max. Tmax. . . 3 . 7w
:(g:);szui;er)'_thresho'ld_wspeed) E;St; 33:: ;ggf 053?26 s 6 6 0.005206048 0.07215295 0.2106496 21. 06496
s(vear) 1.000 1.000 19.785 9.8le-06 *** 7 7 0.004950958 0.07036305 0.2054240 20. 54240
;;m’f. codes: 0 "en 0.00L “¥*° 0.01 ‘** 0.05 ‘.7 0.1 ' ' 1 8 8 0.005158422 0.07182216 0.2096839 20. 96839
) i . " 9 9 0.005152934 0.07178394 0.2095723 20. 95723
R-sq.(adj) = 0.292 peviance explained = 30. 8% 10 10 0.005102633 0.07143271 0.2085469 20. 85469

-REML = -668.31 Scale est. = 0.0051754 n = 895

(a) (b)

FIGURE 59: GAM (a) and 10-fold cross-validation (b) results for the Tariffs specification
in tariff region D considering year as a predictor: All crops.
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_Rtotal, k = 3) + s(max.Rtotal.,
k = 3) + s(pays_under_threshold_tmin, k = 3) + s(max.Tmin.,
k = 3) + s(pays_above_threshold_Tmax, k = 3) + s(Days_under_threshold_Tmax,
k = 3) + s(min.Tmax., k = 3) + s(max.Tmax., k = 3) + s(Days_above_threshold_wspeed,
k = 3) + s(pays_under_threshold_wspeed, k = 3) + s(min.wspeed. ,
k = 3) + s(max.wspeed., k = 3) + s(vear, k = 3)

parametric coefficients:
Estimate std. Error t value Pr(>|t])
(Intercept) 0.0381956 0.0005825 65.58 <2e-16 *¥*

signif. codes: © “***’ 0.001 ‘**’ 0.01 ‘*” 0.05 *.” 0.1 * ' 1

Approximate significance of smooth terms:
edf ref.df F p-value
s(pays_above_threshold_rtotal) 1.000 1.000 33.945 1.90e-06 ***

s(max.Rtotal.) 1.000 1.000 7.868 0.008487 **

s(Days_under_threshold_Tmin)  1.000 1.000 6.759 0.013994 * Fold MSE RMSE  RMSE_rel RMSE_rel_pct
T ety Lo o o i 1 1 1 2.614118¢-05 0.0051128449 0.10237850  10.237850
s(Days_under_threshold_Tmax) ~1.072 1.135 4.837 0.033126 * 2 2 1.509735e-05 0.0038855314 0.07780304 7.780304
shpin ) e 1ot e e 3 3 6.393327e-06 0.0025285029 0.05063019 5.063019
s(Days_above_threshold_speed) 1.000 1.000 18.791 0.000136 * 4 4 4.029930e-06 0.0020074685 0.04019712 4.019712
:gﬁ?ﬁf;‘;;ﬁjﬁ”Es“ﬂ“—“““d) T e A e 5 5 1.384336e-06 0.0011765783 0.02355955 2.355955
s(max. wspeed. ) 1.000 1.000 42.495 3.00e-07 % 6 6 2.643461e-05 0,0051414601 0.10295149 10.295149
sCrear) 1.000 1.000 13.402 0.000898 ** 7 7 1.711508e-05 0.0041370375 0.08283914 8.283914
Signif. codes: 0 v’ 0,001 ‘**' 0.01 ‘** 0.05 ‘.’ 0.1 ' '1 8 8 7.576829e-07 0.0008704498 0.01742970 1.742970
Resq. (adf) = 0.851 Dpeviance explained = 80.8% 9 9 2.016019e-06 0.0014198657 0.02843108 2.843108
REWL = -44.825 scale est. = 1.5945e-05 n = 47 10 10 2.214986e-06 0.0014882827 0.02980105 2.980105

(a) (b)

FIGURE 60: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region A considering year as a predictor: All
except vineyard.

Family: gaussian
Link function: identity

Formula:

Tariffs ~ s(pays_above_threshold_rtotal, k = 7) + s(max.Rrtotal.,
k = 7) + s(pays_above_threshold_Tmax, k = 7) + s(bays_under_threshold_Tmax,
k =7) + s(min.Tmax., k = 7) + s(min.wspeed., k = 7) + s(max.wspeed.,
k =7) + s(vear, k = 7)

parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.0498277 0.0004424 112.6 <2e-16 ***

signif. codes: 0 ‘%' 0.001 ‘**' 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘"1

Approximate significance of Smaot:dge;rgfs::df F pvalue Fold MSE RMSE RMSE_rel WSE,FE]JCE
s (Days_above_threshold_rtotal) 2. 533 3.058 5.220 0.00270 ** 1 1 3.308139e-04 0.018188290 0.14583876  14.583876
s(max.rtotal.) 2.982 3.458 6.944 0.00019 *** 2 2 1.311467e-05 0.003621418 0.02903754 2.903754
s(Days_above threshold Tmax)  3.482 4.013 32.559 < 2e-16 ** 3 3 6.918307e-05 0.008317636 0.06669312 6. 669312
Sioays el threshold TR0 3 0 Toes Ciers b.oone 4 4 9.747592e-05 0.009872989 0.07916437 7.916437
sEmin.wsﬂeeg‘g 4.266 4.788 8.871 5.19e-06 *** 5 5 2.011274e-05 0.004484723 0.03595976 3.595976
s (max. wspeed. AR et Sy 6 6 1.723293e-04 0.013127425 0.10525934 10.525934
s(vear) BT 402 303 < 2enas 7 7 2.556931e-05 0.005056611 0. 04054531 4.054531
Signif. codes: © “%0*’ 0,001 “*%’ 0.01 ‘%’ 0.05 ‘.’ 0.1 ' "1 8 8 2.656625e-05 0.005154245 0.04132817 4,132817
Resq.(adi) = ©0.953 Deviance explained = 96.9% 9 9 1.560725e-03 0.039506018 0.31677023 31.677023
-REML = -147.98 scale est. = 1.§108e-05 n = 93 10 10 1.623700e-05 0.004029516 0.03230978 3.230978

(a) (b)

FIGURE 61: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region B considering year as a predictor: All
crops.
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(pays_above_threshold_Rtotal, k = 4) + s(max.Rtotal.,
k 4) + s(pays_above_threshold_Tmin, k = 4) + s(Days_under_threshold_Tmin,
4) + s(max.Tmin., k = 4) + s(pays_above_threshold_Tmax,
4) + s(pays_under_threshold_Tmax, k = 4) + s(min. Tmax. ,
+ s(max.Tmax., k = 4) + s(pays_above_threshold_wspeed,
4) + s(pays_under_threshold_wspeed, k = 4) + s(max.wspeed.,
+ s(vear, k = 4)

AAAAA
[T
S
<

Parametric coefficients:
Estimate std. Error t value Pr(>It|)
(Intercept) 0.0526019 0.0001925 273.2 <2e-16 ¥

signif. codes: © “#**' 0.001 “**' 0.01 ‘%' 0.05 ‘.’ 0.1 "1

Approximate significance of smooth terms:
edf Rref.df F p-value

s(Days_above_threshold_Rtotal) 2.964 2.998 219.089 <2e-16 ***
s(max.Rtotal.) 1.011 1.021 6.872 0.0117 *

s(pays_above_threshold_tTmin)  1.000 1.000 109.026 <2e-16 ***

s(pays_under_threshold_Tmin)  2.898 2.083 265.552 <2e-16 *** Fold MSE RMSE RMSE_rel RMSE_rel_pct
s (max. Tnin.) 1:000 1.000 111389 2e16 1 1 3.523736e-03 0.059361063 0.476635031 47.6635031
s(pays_above_threshold_Tmax) 2.966 2,998 58,043 <2e-16 *** " " N .
s(pays_under_threshold_Tmax)  2.935 2.992 236.222 :ze—la s 2 2 9.050059e-04 0,030083316 0.241551645  24.1551645
sgmin.Tmax.g i-gg& i-ggg s;;-g;; ?’ig s 3 3 2.576147e-04 0.016050381 0.128875285 12. 8875285
s(max. Tmax. . . . <2e-16 *¥%

s(pays_above_threshold_wspeed) 2.988 2.999 349.095 <2e-16 **¥ 4 4 3.285521e-05 0.005731946 0.046024217 4.6024217
s(pays_under_threshold_wspeed) 2.977 2.999 102.484 <2e-16 *** 5 5 7.419976e-05 0.008613928 0.069164868 6.9164868
s (max. wspeed.) 2.903 2986 10059 <2e-16 vox 6 6 1.574308e-05 0.003967755 0.031858780  3.1858780
stveanr) 2.962 2,997 208,091 <2216 7 7 4.869730e-04 0.022067464 0.177188982  17.7188982
signif. codes: © “***’ 0,001 ‘**’ 0.01 '*’' 0.05 ‘.’ 0.1 * ' 1 8 8 8.530015e-05 0.009235808 0.074158203 7.4158203
s, (adf) = 0.991 Dpeviance explained = 99.4% 9 9 1.482738e-06 0.001217677 0.009777246 0.9777246
.Rg'jL - 3125_25' Scale est. = 3_1531@-06 Tho g4 10 10 3.325937e-05 0.005767094 0.046306430 4.6306430

(a) (b)

FIGURE 62: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region B considering year as a predictor: All
except vineyard.

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(bays_under_threshold_Tmin, k = 9) + s(Days_under_threshold_Tmax,
k = 9) + s(max.wspeed. , k = 9) + s(vear, k = 9)

Parametric coefficients:
estimate std. Error T value pr>|t|)
(Intercept) 0.233367 0.002449 95.28 <2e-16 ***

o Fold MSE RMSE RMSE_rel RMSE_rel_pct
signif. codes: 0 ‘***’ 0,001 ‘**' 0.01 ‘*' 0.05 *.” 0.1 * ' 1 1 1 0.0018181842 0.04264017 0.12900184 12.900184

) o ) 2 2 0.0019638275 0.04431509 0.13406908 13.406908
Approxinate significance of STl TS £ pvalue 3 3 0.0028403850 0.05329526 0.16123732  16.123732
s(pays_under_threshold_Tmin) 3.258 4.076 6.857 2.26e-05 *** 4 4 0.0009925116 0.03150415 0.09531138 9.531138
s(Days_under_threshold_Tmax) 3.666 4.503 8.764 1.15e-06 ** 5 5 0.0008359812 0.02891334 0.08747324 8.747324
Simax. wipeed.) S TES o Lo 6 6 0.0031607723 0.05622075 0.17008796  17.008796
7 7 0.0043093280 0.06564547 0.19860115 19. 860115
signif. codes: 0 ***' 0.001 ***' 0.01 **' 0.05 ‘.” 0.1 * ' 1 8 8 0.0019153605 0.04376483 0.13240435 13.240435
R-sq.(adf) = 0.281 Dpeviance explained  30.8% 9 9 0.0010847678 0.03293581 0.09964267 9.964267
-REML = -326.6 Scale est. = 0.0018836 n = 314 10 10 0.0013841498 0.03720416 0.11255597 11.255597

(a) (b)

FIGURE 63: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region D considering year as a predictor: All
except vineyard.
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Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(min. Tmax., k = 7) + s(max.Tmax., k = 7) + s(pays_under_threshold_wspeed,
k =7) + s(min.wspeed., k = 7) + s(vear, k =7)

Parametric coefficients:
Estimate std. Error t value Pr(>|t|)
(Intercept) 0.087196  0.001154 75.57  <2e-16 *w¢

signif. codes: 0 “***’ 0,001 “**’ 0,01 ‘*' 0.05 .” 0.1 ' "1
Approximate significance of smooth terms:
edf Ref.df F p-value

s(min. Tmax.) 1.000 1.000 4.003 0.04677 *
s(max. Tmax.) 2.354 2.933 3.28L 0.02055 *
s(Days_under_threshold_wspeed) 4.076 4.839 17.235 < 2e-16 *¥*
s(min.wspeed.) 4.954 5.526 6.376 1.65e-05 #**
s(vear) 1.000 1.001 10.753 0.00123 **
signif. codes: 0 “***' 0.001 ‘**' 0.01 “*' 0.05 ‘.’ 0.1 ‘' ' 1

R-sq. (adj) = 0.567 Deviance explained = 59.4%
-REML = -333.37 scale est. = 0.00028488 n = 214
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FIGURE 64: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region D considering year as a predictor: Vine-

yard.

Family: gaussian
Link function: identity

Formula:
Tariffs ~ s(Days_above_threshold_rtotal, k = 8) + s(max.Rtotal.,
k = 8) + s(pays_under_threshold_Tmin, k = 8) + s(min.Tmin.,
k = 8) + s(pays_under_threshold_Tmax, k = 8) + s{min.Tmax.,
k = 8) + s(max.Tmax., k = 8) + s(pays_under_threshold_wspeed,
k = 8) + s(min.wspeed., k = 8) + s(max.wspeed., k = 8) +
s(year, k = 8)
parametric coefficients:

estimate std. error t value pr(>|t|)
(Intercept) 0.135492 0.001718 78.84 <2e-16 ***

signif. codes: 0 “¥**’ 0,001 ***’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * "1

Approximate significance of smooth terms:
edf Rref.df F p-value

s(Days_above_threshold_rtotal) 1.710 2.134 21.186 < 2e-16 **¥
s(max.Rtotal.) 1.000 1.000 25.347 1.13e-06 ***
s(Days_under_threshold_Tmin) 4.478 5.300 8.390 < 2e-16 **¥
s{min. Tmin.) 3.501 4.235 B8.416 1.55e-06 *¥*
s(pays_under_threshold_Tmax) 1.000 1.000 12.199 Q.000547 ¥
s{min. Tmax. ) 2.420 3.021 3.420 0.016455 *

s (max. Tmax. ) 2.822 3.451 3.581 0.009509 **
s(Days_under_threshold_wspeed) 5.714 6.464 9.780 < 2e-16 *¥*
s(min.wspeed.) 4,548 5.408 9.855 < 2e-16 ®¥*
s(max.wspeed.) 3.685 4.551 9.094 4,36e-07 ¥
s(vear) 1.944 2.401 5.203 0.003257 **
Ssignif. codes: 0 ****' 0.001 ‘**' 0.01 '*' 0.05 *." 0.1 ' "1

R-sq.(adj) = 0.573 pDeviance explained = 61.4%
-REML = -375.76 Scale est. = 0.0010218 n = 346
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MSE

. 0013972727
.0008319149
.0008151798
.0013093977
. 0005499189
. 0008427099
. 0009749322
. 0007432087
. 0008753948
. 0008730706
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.03738011
.02884294
.02855135
. 03618560
.02345035
.02902947
.03122390
. 02726186
. 02958707
. 02954777

(b)

OO0 0 000000
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FIGURE 65: GAM (a) and 10-fold cross-validation (b) results for the Tariffs with lagged
climatic variables specification in tariff region E considering year as a predictor: Vine-

yard.
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