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OSNABRUCK@ ecedl Research Settin 0

PROBLEM MO 2026-04- )

53.5°N+
Behavioral responses to uncertainties
remain poorly understood. S30°N

2 ~3 year drought

CASE STUDY AREA - 5 year drought
' 10 year drought
Lower Saxony, Germany. susN] B 20 year drought
Il 50 year drought

7°E 8°E 9°E 10°E 11I°E
RESEARCH QUESTION —— R —— = ——

How do farmers perceive and interpret uncertainties,
evaluate their response options,
and develop strategies for adaptive behavior?

METHODS

Development of a novel framework,
combining uncertainty research with a behavioral model.

NLWKN (2025)
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OSNABRUCK@ ONVERSITY IR ey Results

What SHAPES uncertainty perception?

Forecast use and A K W Perceived uncertainties
drought experience are AN 22 /’f\lv W are linked to more
associated with higher e S S < passive behavior.
perceived uncertainty. fﬁ v

Decision competences sanl Lower process uncertainty
and positive attitudes S . TR IS associated with more
are linked with lower T e — active responses.
perceived uncertainty. o = O
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OSNABRUCK@ ecea Case Stud ) Area 1/3

Lower Saxony and its Agriculture

Lower Saxony
 Germany’s second-largest federal state
* Around 58% of the state’s land area is used for agriculture

« 2.3% of the approximately 4.1 million people in employment work in agriculture

Agriculture in Lower Saxony
« 33,320 farms with an average of 76 hectares

« Dominated by arable farming (1.9 million ha) and
grassland (689,500 ha); High livestock densities

 Highest share of irrigated agricultural land in Germany (~12%)
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OSNABRUCK@ ecea Case Stud ) Area 2/3

Droughts in Lower Saxony

Lower Saxony has experienced pronounced hydro-climatic variability in recent
decades, with an increasing occurrence of both extreme wet and dry conditions.

54.0°N

53.5°N+
« Groundwater levels have declined since the 1960s
~3 year drought
 Risk of more frequent and prolonged agricultural 30N 5 year drought
droughts increases, with implications for crop yields, _;g year jm“gz
. - . 50 50N year droug
fodder availability, and farm income B 50 year drought

« Areas with sandy soils in the northeast are especially ., .|
vulnerable to drought, driving increased irrigation
needs 51.5°N{

German Drought
Monitor April 2026,
Total Soil (1.8m)
(UF2)

7°E 8°E 9°F 10°E 11°E
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OSNABRUCK@ ecea Case Stud ) Area 3/3

Floods in Lower Saxony

Lower Saxony has experienced pronounced hydro-climatic variability in recent
decades, with an increasing occurrence of both extreme wet and dry conditions.

« Extreme rainfall events have
intensified since the 1960s

« Simulations indicate that future floods
are likely to become more severe,
potentially exceeding the design
thresholds of flood protection
infrastructure

——rivers :
[ | state boundaries 1
0 Q>HQ10
7 Q>Has

unit: m
High : 3800

-Low: -10

During the Christmas floods of winter 2023/24, severe inundation (purple areas in
the left figure) affected large areas of farmland, resulting in high yield losses.
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OSNABRUCK@ cedl Framework 1/4

Uncertainty Setting and Uncertainty Competences
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Framework for Farmers’ Adaptation Response under Uncertainty Perception
(Heinzel & Hollermann, in submission).
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Framework 2/4

OSNABRUCK @ UNIVERSITY

Uncertainty Perception
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Framework for Farmers’ Adaptation Response under Uncertainty Perception
(Heinzel & Hollermann, in submission).
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OSNABRUCK@ cedal Framework 3/4

Perceptual and Cognitive Processes for Climate Change Adaptation
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1 H E ~"Decision ) Outcome Uncertainty Perceived Response I
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(Heinzel & Hollermann, in submission).
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OSNABRUCK@ cedl Framework 4/4

Passive and Active Response to Uncertainty

SITUATIONAL UNCERTAINTY
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Market
Structures

Epistemic Uncertainty

Aleatoric Uncertainty

CLIMATE

« Passive responses: denial (ignoring
uncertainty), tolerance (accepting it), and
delegation (shifting responsibility)

VARIABILITY
PERCEPTION
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:
o

« Active responses: acting upon
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(seeking information) E”p
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Framework for Farmers’ Adaptation Response under Uncertainty Perception

(Heinzel & Hollermann, in submission).
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OSNABRUCK@UNI\ERSHY Data Collection and AnaIySiS

Data Collection

GOAL.: to test the applicability of the framework for understanding farmers’ decision-

making and responses to uncertainties arising from extreme weather events.

* Online survey (Feb-Mar 2025) of farmers in Lower Saxony, Germany, distributed via regional networks,
farmers’ associations, direct e-mail invitations and snowball sampling

« 102 responses analyzed

Data Analysis

« Descriptive analysis was conducted to characterize the distribution of variables
« Reliability tests (Cronbach’s a > 0.5) were used to refine variables and prevent multicollinearity

« Multiple linear regressions (with bootstrapping, 2,000 samples) and logistic regressions were applied

fat
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OSNABRUCK@ neeeedl Results 1/7

Descriptive Statistics: Respondents

Number of Survey Participants
per County
10

0 60 120 km

Distribution of Survey Participants in the Case Study Area.

Sample: 102 farmers, mostly male (67.6%),
older (majority 45+), and highly experienced in
agriculture (>20 years)

Farms were predominantly large-scale
(39.2% with 101-200 hectares and 21.6% exceeding
200 hectares)

Focused on arable farming (36.3%)
and forage crop production and pasture-based
livestock farming (17.6%)
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OSNABRUCK@ neeeedl Results 2/7

Descriptive Statistics: Uncertainty Setting and Competences

95.1% use weather forecasts;
17.6% engage with government
programs; 12.7% with alternative

51% never or rarely use networks for

~ support in extreme weather preparation;
85.3% have (very) low trust in political

market structures Setting institutions
Competences
QB
96.1% experienced drought; Attitudes: 58.8% view
65.7% experienced flooding @ extreme weather purely as a
(in the past 5 years) burden; 41.4% see it as an

| opportunity for adaptation

Decision-making experience, knowledge
about extreme weather events and resource
availability were generally moderate to high

fat
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OSNABRUCK@ neendl Results 3/7

Descriptive Statistics: Uncertainty Perception

More information about extreme weather would
help me better assess the impacts on my farm.
(epistemic)

The information and opinions about climate change
and its impacts on agriculture are often contradictory.
(ambiguity)

| believe that droughts and floods occur
randomly and without a recognizable pattern.
(aleatoric)

I am unsure whether | should wait and see
before | take action and implement measures.
(outcome)

| am unsure which adaptation measures are
best suited to my situation and my farm.
(choice)

| believe that droughts and floods occur
randomly and without a recognizable pattern.
(temporal)

15,7%

27,4%

47%

34,3%

33,3%

55,9%

B Disagree

Somewhat disagree

17,6%
18,6%

18,6%

33,3%

35,3%

23,5% I

Neither agree nor disagree

fat
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OSNABRUCK@ neeeedl Results 4/7

Descriptive Statistics: Perceptual and Cognitive Processes for Climate Change Adaptation

Droughts: ~ 82% observed Floods: ~50% observed increased

iIncreased impacts/ frequency in — —— impacts/ frequency, ~45% no change;
the last 10 years; ~ 61% expect _ ~53% - 59% expect no change/ ~40%
Risk - 45% expect worsening conditions

further worsening Appraisal

Adaptation
Appraisal

Self-efficacy: nearly evenly Response efficacy: 19.6%

split, with 49.5% feeling % report doubts about the
able to take actions and effectiveness of adaptation

50.5% feeling unable | measures

Response costs: 43.1% can bear most costs, 56.9% rely at
least partly on external support; 75.5% identify high costs/
administrative burdens as major obstacles

fat
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Descriptive Statistics: Passive and Active Response to Uncertainty

Current and future climatic changes don't cause
me any uncertainty - | don't have to react to them.  638%

24,5% l 11,8%
(Passive response - denial) .
~ Two-thirds of
Extreme weather is part of farming, | don't take

any special measures. sz - o I - the respondents

(Passive response - tolerance) indicate active
response by
25,5% l 17,6% agreeing to

| expect support measures to help me prepare for
extreme weather - | don't see that as my job. ¢
(Passive response - delegation)

statements 4 and
| prepare my farm for climate risks with flexible 5 and
and versatile measures. 4, I 25X - 610% ,
(Active response - acting upon) disag reeing on
| obtain information (e.g. from weather statements 1'3
forecasting platforms) to reduce possible ;. I 2y - -
uncertainties caused by extreme climatic events.

(Active response - reducing)

M Disagree Somewhat disagree Neither agree nor disagree Somewhat agree M Agree
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Regression Results — Positive Associations

| SITUATIONAL UNCERTAINTY |

RISK APPRAISAL

Political
. . Programs P Perceived Severity/ .
Ambiguity -
Questioning 0 Susceptibility _ Uncertainty
E Epistemic Uncertainty Drought y o H
the role of - dEEE> ——— 2 perception
- Aleatoric Uncertainty Perceived _Se_\gentyf .- &
models E Susceptibilty < shapes
E ARIBILT e '
and past be VARIABILITY — climate
. 3 PERCEPTION : )
experience Z Inaction
patterns
Perceived Self-Efficacy ‘
W RiskExperience - »
E " Floods Choice Uncertainty Q
g .; ~Risk Experience Temporal Uncertainty Perceived Financial Self- =
o _ Droughts Sufficiency
= . Qutcome Uncertainty High Measure &
=z ftitude Administrative Costs (Barrier)
L e /_.
=
E e
. Decision B i
o )] Uncertainty about
Z Competence Response Efficacy ADAPTATION APPRAISAL
(Barrier) - +
- —

| PROCESSUNCERTAINTY | Farmers’ individual cognition

Continuous arrows represent positive associations; arrow colors differ only to increase readability
(Heinzel & Hollermann, in submission).
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Regression Results — Negative Associations
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PROCESS UNCERTAINTY
| | Farmers’ individual cognition

Dotted arrows represent negative associations; arrow colors differ only to increase readability
(Heinzel & Hollermann, in submission).
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OSNABRUCK@ ecdl Practical im P lications

Strengthening farmers’ decision competence (knowledge, experience, resources)
through capacity-building efforts can reduce uncertainty.

Decision-support tools can help clarify adaptation options, timing, and outcomes.

Improving uncertainty communication and clearer narratives can reduce ambiguity;
building trust in institutions can increase farmers’ openness to climate information.

Supporting farmers in cultivating more constructive mindsets may reduce the demotivating
effects of uncertainty, with communication strategies emphasizing manageable actions.
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