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 Ecotourism micro, small, and medium-sized enterprises 

(MSMEs) often face highly volatile demand characterized by 

frequent zero-sales days, strong seasonality, and exposure to 

external shocks. In such conditions, sustainability depends less 

on forecast accuracy and more on timely, low-cost operational 

decisions. This study examines how forecast-triggered decision-

making supports short-run viability under intermittent, zero-

heavy demand. Using manually recorded daily sales data from 

ecotourism MSMEs in Tawangmangu, Indonesia, a two-stage 

approach is applied that separates sale occurrence from sales 

magnitude. First, a logistic model estimates the probability of a 

sale to generate early-warning signals. Second, conditional sales 

magnitude is predicted to indicate readiness levels rather than 

precise revenue targets. Instead of focusing on accuracy alone, 

the analysis evaluates decision usefulness through time-ordered 

backtesting, emphasizing avoidable operating days and early-

warning lead time. The results show that sale-occurrence signals 

effectively guide daily operating decisions, while magnitude 

forecasts support proportional readiness. The framework 

identifies a substantial share of avoidable operating days and 

provides several days of advance warning before prolonged 

zero-sales periods. This enables earlier cost control and capacity 

adjustment. The study contributes by offering a practical, 

human-in-the-loop decision framework that links demand 

uncertainty with adaptive actions using simple, manually 

recorded data. 
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Introduction 

Ecotourism MSMEs operate under highly volatile demand, as visitation patterns are 

shaped by seasonality, weather conditions, security issues, shifts in consumer preferences, 

and macro-level disruptions such as public health crises and economic slowdowns (Hu et 

al., 2025; Song et al., 2023). Across many destinations, this volatility gives rise to periods of 

“zero sales days” that are not merely temporary anomalies, but extreme indicators of 

demand uncertainty with direct consequences for fragile cash flows, weakened operational 

resilience, and an elevated risk of business discontinuation (Grau-Escolano et al., 2025; Yaşar 

Dinçer et al., 2024). In this context, the sustainability of ecotourism MSMEs is no longer 

determined solely by their ability to increase sales, but by the quality of managerial 

decisions in anticipating demand downturns, prioritizing expenditures, and adjusting 

operations and marketing before losses accumulate (Díaz-Arancibia et al., 2024; Gan et al., 

2024). 

Consistent with this condition, entrepreneurship and tourism management literature 

emphasizes adaptive decision-making capacity as a critical prerequisite for MSME resilience 

under environmental uncertainty (Sharabati et al., 2024; Yesuf & Fields, 2025). When 

demand fluctuates unpredictably and episodes of zero sales days emerge without warning, 

owner-managers must balance the need to preserve liquidity with the imperative to 

maintain service quality (Gan et al., 2024; Promnil & Polnyotee, 2023). However, in practice, 

such decisions are often reactive rather than anticipatory, as MSMEs typically rely on 

limited analytical support and delayed responses to demand changes. This condition 

increases the risk that temporary downturns escalate into prolonged zero-sales periods, 

intensifying financial pressure and weakening operational resilience. Adaptive responses 

typically manifest through cost control, capacity adjustments, labor scheduling, and tighter 

inventory management, accompanied by the reconfiguration of market approaches through 

digital channels, flexible service packages, segment diversification, and strengthened 

collaborative networks (Gan et al., 2024; Zuñiga-Collazos et al., 2025). Conceptually, this 

process unfolds from the recognition of early signals of change (anticipation), to immediate 

responses aimed at mitigating the impact of declining demand (coping), and ultimately to 

more structural adaptation through resource reconfiguration and strategic reorientation 

that enables firms to survive and recover under new conditions (Eichholz et al., 2024; Zhang 

et al., 2023). These conditions highlight the urgency of developing simple, timely, and 

actionable mechanisms that allow MSMEs to detect demand weakening earlier and respond 

before zero-sales periods escalate into more severe threats to business sustainability. 

Despite growing attention to adaptive decision-making in tourism MSMEs, much of 

the existing literature remains focused on post-event strategies, digital technology adoption, 

or performance evaluation after crises (Promnil & Polnyotee, 2023; Zuñiga-Collazos et al., 

2025). While these studies provide valuable insights, they offer limited explanation of how 

daily operational signals can be systematically translated into timely and actionable 

decisions under zero-heavy demand conditions. In particular, the absence of a clear and 

measurable mechanism linking forecasting signals to concrete managerial actions leaves a 

gap between predictive insights and practical decision-making in resource-constrained 

MSMEs. This gap is particularly consequential for ecotourism MSMEs, which commonly 

exhibit zero-heavy sales patterns, characterized by frequent days without transactions 

interspersed with sharp seasonal peaks and strong exposure to external factors such as 

weather, holiday calendars, and security conditions (Hu et al., 2025). In such settings, MSME 
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actors require more than sales forecasts; they need practical decision triggers that indicate 

when demand is weakening, when risk is escalating, and which actions should be activated 

promptly. In the absence of clear triggers, adjustments are often made too late, allowing 

periods of zero sales days to evolve from temporary fluctuations into serious threats to 

business sustainability (Cross et al., 2023). 

Existing studies on tourism MSMEs have primarily emphasized three interrelated 

themes. First, a substantial body of work highlights adaptive decision-making and resilience 

strategies, focusing on how firms respond to crises through cost control, operational 

adjustments, and market reconfiguration (Gan et al., 2024; Promnil & Polnyotee, 2023; 

Zuñiga-Collazos et al., 2025). Second, prior research has examined the role of dynamic 

capabilities, particularly sensing, seizing, and reconfiguring processes, in enabling firms to 

cope with environmental uncertainty and sustain performance (Eichholz et al., 2024; Zhang 

et al., 2023). Third, studies on tourism demand have documented the presence of volatility, 

seasonality, and external shocks, which shape fluctuating consumption patterns and 

business instability (Hu et al., 2025; Song et al., 2023). While these strands provide important 

insights into how MSMEs respond and why uncertainty matters, they remain largely 

descriptive or retrospective, offering limited explanation of how real-time operational 

signals can be translated into concrete, anticipatory decisions under zero-heavy demand 

conditions. This limitation underscores the need for a mechanism-based approach that links 

daily sales signals with actionable decision triggers. 

Against this backdrop, the present study seeks to explain how owner-managers of 

ecotourism MSMEs construct and employ forecast-triggered decision-making to remain 

viable under demand uncertainty. Specifically, the study addresses three research 

questions: (1) which signals are monitored by MSME actors to detect demand weakening, 

(2) how these signals are translated into concrete decision triggers, and (3) which managerial 

decisions are activated during zero-sales periods to safeguard cash flow while maintaining 

service quality. The analysis is grounded in perspectives on entrepreneurial decision-

making under uncertainty and micro-level dynamic capabilities, with particular attention 

to the processes of sensing, seizing, and reconfiguring in contexts of constrained resources. 

This study draws on daily sales records manually compiled by ecotourism MSMEs as 

the primary data source to capture the demand dynamics actually faced by owner-

managers. Given the zero-heavy nature of the data, a two-stage forecasting approach is 

applied to generate practice-oriented signals, namely the probability of a sale occurring and 

the expected revenue conditional on a sale (Damato et al., 2025; Sfiris & Koulouriotis, 2025). 

These signals are subsequently translated into decision triggers that reflect concrete 

managerial actions, including adjustments to operating hours, expenditure controls, 

modifications to service packages, and the intensification of digital promotion. The 

conceptual novelty of this study lies in its articulation of a micro-level mechanism that links 

simple, manually recorded sales-based forecasting signals with adaptive decision triggers 

under demand uncertainty, an area that has rarely been addressed explicitly. Accordingly, 

this study contributes in three ways. First, it clarifies adaptive decision-making processes in 

ecotourism MSMEs by linking sensing, seizing, and reconfiguring activities to observable 

operational signals. Second, it demonstrates the empirical use of zero-heavy manual data to 

generate actionable forecasting signals. Third, it provides a practical decision-trigger 

framework that enables MSMEs to act earlier, reduce avoidable operating days, and adjust 

operational capacity in response to demand uncertainty. 
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Literature Review 

Demand Uncertainty and Sustainability Vulnerability in Ecotourism MSMEs 

Ecotourism MSMEs face structurally volatile demand driven by seasonality, weather 

sensitivity, holiday timing, safety perceptions, and macro-shocks. This condition can be 

understood within the tourism demand uncertainty literature, where fluctuations in visitor 

flows create instability in revenue generation and business continuity (Hu et al., 2025). 

Policy evidence emphasizes that limited anticipatory capacity can amplify disruptions and 

weaken competitiveness (Hu et al., 2025). Peer-reviewed tourism research also shows that 

demand volatility and seasonality are associated with higher exit risk and financial fragility, 

indicating that uncertainty is not only a marketing issue but a survival constraint (Zhang & 

Xie, 2021). At the micro-firm level, constrained slack resources and dependence on daily 

cash inflows make shocks disproportionately damaging to liquidity, consistent with 

financial vulnerability perspectives in small business research. Evidence from tourism firms 

during COVID-19 highlights the central role of cash buffers and financial slack in resilience 

capacity (Wieczorek-Kosmala, 2022). In this study, zero sales days denote days with no 

transactions and zero revenue and are conceptualized as recurring liquidity stress signals, 

reflecting short-term financial strain that can accumulate and threaten operational 

continuity under persistent demand uncertainty. 

Adaptive Decision-making and Dynamic Capabilities in Tourism MSMEs 

Tourism MSME resilience depends on adaptive managerial decisions that interpret 

weak signals, prioritize responses, and manage trade-offs between cost control and service 

reliability. This adaptive capacity can be understood through the lens of dynamic 

capabilities, which refer to a firm’s ability to sense environmental changes, seize 

opportunities through timely decisions, and reconfigure resources to maintain 

competitiveness under changing conditions (Rashed et al., 2025; Yesuf & Fields, 2025). In 

tourism MSMEs, these capabilities are enacted through practical and iterative actions such 

as monitoring demand signals, adjusting operating hours, reallocating labor, controlling 

variable costs, and modifying service offerings in response to fluctuating demand. Recent 

tourism evidence strengthens this lens by linking dynamic capabilities to staged crisis 

responses and organizational resilience under disruption and by operationalizing dynamic 

capabilities and their micro foundations (e.g., learning, environmental dynamism, digital 

marketing) as predictors of competitive outcomes (Prayag et al., 2023). However, resilience 

work in tourism MSMEs often remains strategy-descriptive: it documents coping and 

recovery practices but provides fewer accounts of how daily operational signals are 

converted into disciplined, repeatable decisions when analytics capacity is minimal. A 

recent synthesis also notes that MSME resilience is multi-dimensional and context-

dependent, reinforcing the need to specify mechanisms that are measurable and operational 

at the micro level (Badoc-Gonzales et al., 2022). 

Forecasting Zero-heavy (Intermittent) Sales and Managerial Signals 

Daily sales records in ecotourism MSMEs commonly exhibit intermittent demand: 

long runs of zeros punctuated by spikes. Forecasting research demonstrates that 

conventional methods can be biased because the process generating zeros may differ from 
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the process governing positive outcomes (Giannopoulos et al., 2025; Sarlo et al., 2023). 

Intermittent-demand approaches explicitly separate occurrence from magnitude, starting 

from Croston-type decompositions and subsequent refinements and show that performance 

can be sensitive to long zero periods and parameter choices (Sfiris & Koulouriotis, 2025; 

Svetunkov & Boylan, 2023). Importantly, the cross-domain transfer here is methodological 

rather than contextual: the justification rests on process equivalence (excess zeros and 

distinct occurrence magnitude dynamics), not on inventory-specific assumptions. 

Consequently, evaluation should emphasize decision utility (e.g., timely detection of low-

sale risk and avoidance of costly overreaction) in addition to point accuracy. 

From Forecast to Action: Decision Triggers and Anticipatory Action 

A persistent gap concerns translating forecasts into threshold-based decision triggers 

that activate timely, low-cost responses. Forecast-based and anticipatory action research 

argues that predictive value emerges when signals are linked to predefined thresholds, 

action protocols, and governance that manages false alarms and missed detections (Mwangi 

et al., 2022). For MSMEs, this implies triggers that are computable from manual records, 

interpretable to owners, and suitable for human oversight. Operations research on human 

oversight similarly distinguishes monitoring and response modes and highlights the role of 

warning thresholds in enabling effective intervention (Salgado-Criado, 2025). Conceptually, 

decision triggers operationalize the bridge from sensing to seizing, enabling actions such as 

operating-hour adjustments, variable-cost tightening, targeted digital promotion, or service 

re-bundling. 

Research Gap and Novelty 

Prior research establishes: (1) tourism MSME resilience as capability-driven and 

context-sensitive (Prayag et al., 2023; Rastegar et al., 2025), (2) robust intermittent-demand 

tools for zero-heavy series (Sarlo et al., 2023; Svetunkov & Boylan, 2023), and (3) trigger-

based action principles that connect forecasts to timely interventions (Badoc-Gonzales et al., 

2022). However, these studies do not clearly explain how daily zero-heavy sales signals are 

systematically converted into consistent and actionable operational decisions in ecotourism 

MSMEs. To address this gap, this study develops a forecast-triggered decision-making 

mechanism that integrates: (1) an occurrence–magnitude signal structure, (2) dynamic 

capabilities as the process explanation, and (3) implementable threshold-based decision 

rules under resource constraints. 

Proposition Development 

Under zero-heavy demand conditions, the sustainability of ecotourism MSMEs is best 

understood in terms of short-run viability rather than sales growth alone. In tourism 

businesses, where daily cash inflows often matter more than long-range revenue 

projections, even a brief sequence of zero-sales days can put pressure on routine operations. 

Wieczorek-Kosmala (2022) makes this point clearly in discussing cash-based resilience, 

while Yesuf et al. (2025) place managerial judgment at the center of tourism resilience under 

uncertainty. The present study follows the same logic. Here, the main issue is not whether 
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a forecast is statistically refined in the abstract, but whether it helps owner-managers 

respond early, contain exposure, and preserve operational continuity. 

Proposition 1: In ecotourism MSMEs facing zero-heavy demand, the value of forecasting 

lies primarily in supporting short-run viability through disciplined operational decisions 

rather than in improving forecast accuracy alone. 

This perspective also fits the dynamic capabilities view. The manuscript treats 

adaptation as a practical sequence of noticing change, choosing a response, and adjusting 

operations. That reading is consistent with Badoc-Gonzales et al. (2022) and Prayag et al. 

(2023), who frame resilience in tourism as capability-based and context-sensitive. In the 

present case, the sequence is concrete. Sale-occurrence probability acts as an early signal. 

The choice between lean and ready modes reflects managerial commitment. Changes in 

staffing, opening hours, procurement, and promotion then become the operational 

expression of that choice. As Yesuf et al. (2025) suggest, the crucial issue is not information 

alone, but whether the firm can turn information into a workable response. 

Proposition 2: Sale-occurrence probability functions as the primary trigger for operating-

mode adaptation, whereas conditional sales magnitude functions as readiness-intensity 

guidance. 

A second point concerns the structure of intermittent demand itself. The manuscript 

rightly distinguishes between two related but different questions: whether a sale occurs, and 

how much is sold if it does. That distinction is well established in the forecasting literature. 

Sarlo et al. (2023) and Svetunkov and Boylan (2023) both show that occurrence and 

magnitude should not be treated as if they arise from the same process, especially in series 

dominated by zeros. The same line of reasoning appears in Wang et al. (2024), where the 

practical usefulness of forecasting depends on how closely the model reflects the structure 

of the demand process. A single output may be simpler, but it is often less informative. For 

a small firm making day-to-day operating decisions, that loss of clarity matters. 

Proposition 3: A two-stage forecasting structure is more suitable than a single-regime 

approach for generating managerially useful signals under intermittent, zero-heavy 

demand. 

The practical contribution of the study lies not only in signal generation, but in how 

those signals are linked to action. This is an important distinction. Predictive information 

has limited value if it remains detached from concrete decisions. Mwangi et al. (2022) argue 

that forecasts become useful when tied to predefined responses, and a similar view appears 

in Schäfers et al. (2024) and Wissuchek and Zschech (2025), both of whom emphasize the 

managerial value of decision-oriented analytical systems. The manuscript translates that 

logic into modest but realistic actions: tightening purchases of perishable inputs, shortening 

opening hours, relying on core staffing, and using selective promotion. These are not 

dramatic interventions. They are small operational adjustments, which is precisely why they 

are plausible in MSME settings. Their value is captured here through the identification of 

avoidable operating days. 

Proposition 4: The practical usefulness of forecast-triggered decision-making can be 

assessed through its capacity to identify avoidable operating days under elevated zero-sales 

risk. 

Timing, however, is just as important as classification. A useful signal is not simply 

one that identifies a likely no-sale period; it is one that does so early enough for action to 

remain feasible. Rather than treating timing as a technical side result, it presents lead time 
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as part of managerial usefulness itself. That emphasis is in line with Schäfers et al. (2024), 

who connect prediction to decision timing, and with Wissuchek and Zschech (2025), who 

show that the value of prescriptive systems often depends on when intervention becomes 

possible. In the present study, a lead time of several days gives owner-managers room to 

revise schedules, moderate operating hours, adjust procurement, and protect cash flow 

before losses accumulate. For resource-constrained firms, that window matters. 

Proposition 5: The managerial value of forecast-triggered decision-making is reflected in its 

ability to provide actionable lead time before prolonged zero-sales episodes. 

Method 

Research Design and Study Context 

This study uses a two-stage forecasting framework to examine how zero-heavy sales 

patterns can inform adaptive operating decisions in ecotourism MSMEs. Rather than 

treating forecasting as an end in itself, the analysis focuses on how forecast signals can 

support everyday operational judgment under conditions of demand uncertainty. Stage 1 

produces sale-occurrence signals that inform daily operating-mode choices. Stage 2 then 

estimates conditional sales magnitude, offering a practical indication of how much 

readiness may be needed when sales are likely to occur. The usefulness of these outputs is 

assessed through time-ordered backtesting, with particular attention to avoidable operating 

days and early-warning lead time before prolonged zero-sales episodes. 

Given the limited analytics capacity of ecotourism MSMEs, this study maps 

managerial decisions into simple, auditable trigger rules that can be computed from 

manually compiled daily sales records. Accordingly, forecasts are evaluated not only for 

predictive performance but also for their decision utility in activating feasible operational 

actions when zero-sales risk rises. Therefore, this study adopts a quantitative explanatory 

design with a mechanism-focused approach, in which observable sales signals are linked to 

decision triggers and resulting managerial actions within a structured analytical framework. 

This design allows the study to examine how MSME actors translate volatile daily sales 

patterns into forecast-triggered operational decisions under resource constraints. 

The empirical setting is ecotourism MSMEs in the Tawangmangu ecotourism area, 

Karanganyar Regency, Indonesia, where demand closely follows tourism flows and is 

highly sensitive to seasonality, weekends and public holidays, weather, and access 

disruptions. These conditions generate zero-heavy sales patterns that heighten liquidity risk 

and increase the value of timely operational adjustments. Because ecotourism MSMEs face 

variable costs that respond quickly to demand fluctuations, such as perishables, daily labor, 

and utilities, trigger-based decisions are particularly relevant for balancing operational 

readiness and cost control. Findings are therefore most applicable to similar micro and small 

tourism-oriented businesses relying on manual records, while generalization to stable-

demand settings or data-rich firms should be undertaken with caution. 

 

Data, Sample, and Data Collection Procedures 

The primary data consist of daily sales records (daily revenue values) compiled by 

MSME owner-managers using manual logs/spreadsheets or simple point-of-sale exports 

when available. The dataset comprises daily sales records collected from multiple 
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ecotourism MSMEs operating within the Tawangmangu area, where each firm contributes 

a continuous sequence of observations over the study period. In total, the dataset includes 

182 firm-day observations, representing a continuous daily time series rather than 

aggregated data. The observation period spans several consecutive months, allowing the 

identification of demand fluctuations, including zero-sales episodes and seasonal 

variations. The unit of analysis is the firm-day, meaning each observation reflects one 

MSME’s daily sales condition as the basis for operational decision-making. Firms were 

selected purposively using three criteria: (1) availability of daily sales records with 

consistent dates, (2) sufficient time span to support time-ordered out-of-sample evaluation, 

and (3) adequate daily variation to test trigger activation under volatile demand. Data 

quality procedures included checking date continuity, resolving format inconsistencies, 

screening for duplicated entries, and flagging extreme values potentially caused by 

recording errors. MSME identities were anonymized and the dataset was used solely for 

academic purposes. 

 

Data Analysis and Model Development 

The analysis was designed to reflect the temporal reality of managerial decision-

making: past information is used to guide decisions today. To enhance transparency, the 

analytical procedure follows three main components: (1) diagnosing demand characteristics 

and identifying zero-heavy patterns, (2) implementing a two-stage forecasting approach 

that estimates sale occurrence probability and conditional sales magnitude using time-

ordered validation, and (3) translating these outputs into threshold-based decision triggers 

that are evaluated through time-ordered backtesting. This structured workflow ensures that 

forecasting outputs are consistently linked to decision-oriented evaluation. 

Data Diagnostics and Demand Characterization 

The study first characterizes the prevalence of zero-sales days, the length of zero runs, 

and revenue volatility on positive-sale days. This step confirms the intermittent and zero-

heavy demand structure and motivates a forecasting architecture that separates transaction 

occurrence from sales magnitude. 

Two-stage Forecasting for Zero-heavy Daily Sales 

A two-stage forecasting architecture is implemented to distinguish the “sale occurs” 

process from the “how much is sold” process. Stage 1 (occurrence): transaction occurrence 

probability is estimated using logistic regression. Model development uses time-based 

validation (forward chaining/time-series cross-validation) to prevent leakage and to 

replicate real operational forecasting conditions (train on earlier periods, test on subsequent 

periods) (Dinamarca et al., 2025; Öztürk & Yiğit, 2025). Performance is assessed with metrics 

appropriate for imbalanced outcomes, with Average Precision as the primary criterion. 

Candidate pipelines may be combined through probability ensembling, and a decision 

threshold is selected via threshold tuning to balance false alarms and missed detections. 

Stage 2 (magnitude): conditional sales magnitude is predicted only for days with sufficiently 

high occurrence likelihood. To capture sequential dynamics in daily sales, the study applies 

a Deep INAR model (Popović et al., 2025) with GRU (Yang et al., 2025), using sequential 
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windows and time-ordered validation. Overfitting is controlled through early stopping and 

consistent training procedures aligned with time-series data properties. 

Translating Signals into Decision Triggers and Evaluating Managerial Utility 

The two forecasting outputs are treated as decision-oriented signals: (1) sale 

occurrence probability and (2) expected sales conditional on a sale. These signals are 

translated into threshold-based decision triggers (Song, 2025) that activate operational 

actions feasible for ecotourism MSMEs (Promnil & Polnyotee, 2023), such as adjusting 

opening hours, tightening perishable-input purchases and other variable costs, 

rescheduling labor, modifying product/service bundles, and intensifying targeted digital 

promotion. Evaluation goes beyond forecast accuracy to assess decision utility through 

time-ordered backtesting, focusing on (1) timeliness of warnings, (2) stability of triggering 

behavior (false alarms vs late detections), and (3) implications for short-run viability proxies 

such as reducing avoidable operating days and improving capacity alignment under 

intermittent demand conditions. 

Results 

Demand Structure and the Empirical Footprint of Zero Sales Days 

As the data presented in Table 1, we analysed 182 daily observations of sales from 

ecotourism MSMEs operating in the Tawangmangu ecotourism area (Karanganyar, 

Indonesia). The series is strongly zero-heavy: 99 days recorded zero transactions and zero 

revenue (54.4%), while 83 days recorded positive sales (45.6%). Conditional on having sales, 

revenue is highly right-skewed, with a median of IDR 160,000, a mean of IDR 366,314, and 

a maximum of IDR 4,350,000. Importantly, zero sales days are not randomly dispersed; they 

cluster into episodes, with the longest zero-run reaching 15 consecutive days. This pattern 

supports the research’s central premise: in tourism-facing microbusinesses, “zero sales 

days” is not a temporary anomaly but a recurring liquidity stress signal that can rapidly 

erode cash buffers and weaken operational continuity. Figure 1 visualises the dominance of 

zero-sales days and the long tail of positive sales. Figure 2 shows the time-series pattern, 

including prolonged zero stretches and sharp spikes that are typical for tourism-linked 

demand. 

Table 1. Descriptive Statistics (Sales in IDR) 

Metric Value 

Observations (days) 182 

Zero-sales days (count) 99 

Zero-sales days (%) 54.40 

Positive-sales days (count) 83 

Mean sales (positive days) 366314 

Median sales (positive days) 160000 

Max sales 4350000 

Max zero-run length (days) 15 
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Figure 1. Distribution of daily sales (zero-

heavy demand and a long positive tail) 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Daily sales time series (clusters of 

zero sales days and intermittent spikes) 

 
 

Stage 1 (Occurrence): Forecasting the Probability of a Sale 

Stage 1 estimates the daily probability of sale occurrence using a logistic model with 

time-ordered validation to preserve temporal realism and operational relevance. Given the 

zero-heavy structure of the series, model assessment prioritizes discrimination and early-

warning utility rather than accuracy metrics that are sensitive to class imbalance. As 

reported in Table 2 (aligned sample, n = 132), the occurrence model attains an AUC of 0.736, 

indicating moderate yet practically meaningful discrimination for ranking days by sales 

likelihood under highly intermittent demand. To translate probabilistic outputs into an 

actionable decision rule, the trigger threshold was tuned to τ = 0.40. At this threshold, the 

model achieves a Recall of 0.898 and an F1-score of 0.707, indicating that most positive-sale 

days are correctly identified, with a balanced trade-off between precision and recall. From 

an operational perspective, higher recall implies that fewer potential sales days are missed, 

while the chosen threshold reflects a sensitivity-oriented configuration suitable for 

monitoring demand fluctuations under zero-heavy conditions. In practice, the threshold (τ 

= 0.40) functions as a trigger for activating operational responses when the predicted 

probability exceeds this value. Taken together, these results support Proposition 2 by 

showing that sale-occurrence probability functions as the primary trigger for daily 

operating-mode adaptation under zero-heavy demand. 

Table 2. Stage 1 Performance (Occurrence) and Tuned Trigger (Aligned Sample, n = 132) 

Metric Value 

AUC 0.736 

Tuned threshold (τ) 0.40 

Recall 0.898 

F1-score 0.707 

Stage 2 (Magnitude): Deep INAR–GRU for Conditional Sales Intensity 

Stage 2 model sales magnitude conditional on a sale occurring, using a Deep INAR–

GRU architecture (see Table 3). Consistent with the INAR requirement for integer-valued 

processes, positive daily revenue is operationalised in IDR 10,000 units (rounded). The 
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INAR component captures persistence in the series, while the GRU learns the innovation 

component that reflects volatility and contextual shifts. The estimated persistence parameter 

is α = 0.457, suggesting moderate carryover from previous positive-sales days, but with a 

substantial innovation share, consistent with tourism demand that is heavily exposed to 

external conditions not recorded in manual logs. On the time-ordered validation slice for 

positive-sales days, Stage 2 yields MAE = 0.597 million IDR and RMSE = 0.803 million IDR. 

These results indicate the level of deviation between predicted and actual sales values under 

zero-heavy conditions. The magnitude forecasts are therefore reported as conditional 

estimates of sales intensity rather than exact point predictions. This pattern also supports 

Proposition 2 by indicating that conditional sales magnitude is more useful as readiness-

intensity guidance than as a precise point-revenue target. 

Table 3. Stage 2 (Deep INAR–GRU) Performance on Positive-sales Days 

Component Value 

Unit scaling IDR 10000 (rounded) 

INAR persistence (α) 0.457 

Positive-sales days in aligned sample 59 

Effective validation points (time-ordered) 8 

MAE (million IDR) 0.597 

RMSE (million IDR) 0.803 

End-to-end Comparison: Point Accuracy Versus Decision Usefulness 

To avoid overstating predictive performance, we compare the two-stage, decision-

calibrated signal with a simpler single-regime baseline on the tail holdout (n = 27). The 

results show (see Table 4) a meaningful trade-off: the two-stage approach reduces average 

absolute error but increases squared error due to sensitivity to spikes. Accordingly, these 

end-to-end results support Proposition 3 and reinforce Proposition 1 by showing that the 

two-stage structure is more suitable for generating managerially useful signals, even when 

its value lies more in decision utility than in point-forecast optimization alone. 

Table 4. Point Accuracy Versus Decision Usefulness 

 MAE (Million) RMSE (Million) 

Single-regime baseline 0.193 0.266 

Two-stage decision-calibrated signal 0.136 0.431 

 

The two-stage design is not framed as “the most accurate sales predictor,” but as a 

mechanism to separate sale occurrence from magnitude and to generate triggerable signals 

that support low-cost operational adaptation under uncertainty. Figure 3 illustrates the tail-

holdout trajectories, showing how the decision-calibrated signal tracks near-zero periods 

differently from the baseline.  

In the tail holdout (n = 27), the two-stage signal produces a lower MAE (0.136 million 

IDR) compared to the single-regime baseline (0.193 million IDR) (see Table 5), indicating 

smaller average absolute deviations. However, the RMSE is higher for the two-stage 

approach (0.431 million IDR vs 0.266 million IDR), reflecting greater sensitivity to extreme 
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values. These results show differing error characteristics between the two approaches when 

applied to zero-heavy demand data. 

 
Figure 3. End-to-end Comparison on Tail Holdout (Actual Vs Baseline Vs Two-Stage 

Signal) 

 

Table 5. End-to-end Performance on Tail Holdout (n = 27) 

Approach MAE (million IDR) RMSE (million IDR) 

Single-regime (linear baseline) 0.193 0.266 

Two-stage (decision-calibrated signal) 0.136 0.431 

 

Decision-trigger Outcomes: From Forecast Signals to Survival-oriented Actions 

This section evaluates whether the trigger is useful for the research’s stated goal, 

enabling survival strategies through early, disciplined, low-cost decisions. 

Avoidable Operating Days as A Practical Sustainability Proxy 1 

In the tail holdout, the trigger correctly identifies 17 days as “no-sale risk” (TN = 17), 

which represents 62.96% of the holdout window (17/27) (see Table 6). These are days where 

a “lean mode” recommendation is defensible: minimise perishable input purchases, operate 

with a core workforce, shorten opening hours, and apply targeted but low-cost promotion. 

While the dataset does not include cost information, the proxy is meaningful because it 

identifies where zero sales days is likely, enabling managers to reduce avoidable exposure. 

These results indicate that a substantial proportion of days in the holdout period are 

classified as no-sale risk, based on the applied trigger, supporting proposition 4. 

Table 6. Avoidable operating days proxy (tail holdout) 

Indicator Value 

Tail holdout length (days) 27 

TN (lean-mode candidate days) 17 

Share of tail holdout (%) 62.96 
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Early-warning Lead Time before Long Zero-sales Episodes 

As presented in Table 7, we further assess the trigger’s practical value by examining 

whether it offers usable lead time ahead of prolonged zero-sales periods (zero-run ≥ 5 days). 

In the aligned segment, we identify four long zero-run episodes and evaluate the trigger 

within a 7-day window prior to the start of each episode. The results show that the trigger 

provides 4–7 days of advance signals prior to the onset of each zero-run episode. This lead 

time is reported as the interval between the first trigger activation and the beginning of a 

prolonged zero-sales period. This evidence supports Proposition 5 by demonstrating that 

the managerial value of the trigger system also lies in its ability to provide actionable lead 

time before prolonged zero-sales episodes. 

Table 7. Trigger Lead Time before Long Zero-run Episodes (7-day Lookback) 

Episode Start Episode End Zero-run Length (Days) Trigger lead Time (Days) 

2025-03-01 2025-03-05 5 7 

2025-04-04 2025-04-08 5 4 

2025-05-24 2025-06-07 15 7 

2025-06-09 2025-06-20 12 7 

What the Trigger Enables and What it Cannot Guarantee 

The results indicate that the trigger distinguishes between periods of higher and lower 

sales likelihood, with corresponding differences in operational conditions. When the trigger 

is not activated, the observed periods are associated with higher zero-sales incidence, while 

activated periods correspond to a higher likelihood of sales occurrence. The Stage 2 output 

provides variation in predicted sales intensity across positive-sale conditions. 

We further evaluate the trigger’s managerial usefulness by assessing whether it 

provides actionable notice before prolonged zero-sales periods (zero-run ≥ 5 days). In the 

aligned segment, we identify four instances of extended zero sales days and assess the signal 

using a 7-day lookback window prior to the start of each period. The results show that the 

trigger consistently provides 4 to 7 days of advance lead time across all instances. For 

microbusiness owner-managers, this horizon is operationally meaningful because it creates 

a realistic window to implement low-cost adjustments, such as tightening procurement, 

revising staff schedules, reducing operating hours, and reallocating promotional effort, 

before cash-flow pressure accumulates and reactive decisions become unavoidable. Overall, 

the results support the proposition-driven logic of the study by showing how forecast 

signals can be translated into simple, auditable, and survival-oriented operating decisions 

under demand uncertainty. 

Discussion 

This study demonstrates that under zero-heavy demand conditions, the value of 

forecasting lies not primarily in improving numerical accuracy but in enabling structured, 

timely operational decisions. The findings show that separating sale occurrence from sales 

magnitude produces signals that are functionally distinct and directly applicable to 

decision-making. In this context, forecasting serves as a mechanism for organizing 
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managerial responses to demand uncertainty rather than as an end in itself. This shifts the 

analytical focus from predictive performance toward decision usefulness in supporting 

short-run viability. 

The first substantive finding is that sustainability in tourism-oriented microbusinesses 

is shaped less by sales growth alone than by short-run viability. This matters because much 

of the tourism MSME literature, including Ramos Jesus et al. (2026) and Yulianto et al. 

(2025), links sustainability to volatility, seasonality, and external shocks, yet gives less 

attention to the operational reasoning that must come before managerial action. The present 

study addresses that gap by treating zero sales days not as an incidental fluctuation, but as 

a recurring sign of liquidity pressure. That interpretation is also in line with Wieczorek-

Kosmala (2022), who emphasizes cash-based resilience in tourism firms, and with Yesuf et 

al. (2025), who place managerial judgment at the center of organizational response under 

uncertainty. What emerges here, then, is not simply a better forecast. It is a more useful basis 

for action. In this setting, the crucial question is not merely whether the forecast is accurate, 

but whether the signal arrives early enough and clearly enough to support restraint, 

adjustment, and continuity. That is the empirical significance of Proposition 1. 

The second finding speaks directly to Proposition 2. The findings can be interpreted 

through the lens of dynamic capabilities by clarifying how sensing, seizing, and 

reconfiguring are enacted at the operational level. Sale-occurrence probability functions as 

a sensing mechanism by providing early signals of demand conditions. The choice between 

lean and ready operating modes reflects seizing, where managers commit to a course of 

action based on these signals. Subsequent adjustments in staffing, procurement, operating 

hours, and promotion represent reconfiguring, through which resources are realigned to 

match anticipated demand conditions. That logic is already embedded in the study’s two-

stage design, where sale occurrence and expected revenue conditional on sale are generated 

as separate signals for practical decision-making. Scientifically, this also explains why 

imperfect magnitude estimates may still be useful. Even when exact revenue values remain 

noisy, the signal can still guide proportionate preparation. The contribution, therefore, lies 

not in claiming that every forecast output is equally reliable, but in showing which output 

answers which managerial question. 

The third finding supports the suitability of a two-stage structure by showing that 

occurrence and magnitude signals address different managerial questions and should 

therefore be treated separately in decision-making (Proposition 3). The reason is both 

conceptual and empirical. As the study notes, and as Sarlo et al. (2023) also argue, the 

process that determines whether a sale occurs is different from the process that determines 

how much is sold once it occurs. When these two processes are collapsed into a single model, 

the resulting forecast becomes harder to interpret operationally because it compresses 

distinct forms of uncertainty into one number. The present results are consistent with Wang 

et al. (2024), who emphasize decision-oriented forecasting under intermittent demand, but 

they also extend that line of work by showing what such separation means in a tourism 

MSME setting that relies on manually recorded daily data. In other words, the study does 

more than suggest that two-stage forecasting is statistically sensible. It shows why it is 

managerially clearer. 

The fourth finding concerns avoidable operating days, which directly supports 

Proposition 4. At this point, the study moves beyond forecasting in the narrow sense and 

asks whether predictive signals can be converted into workable decision triggers. That shift 
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is important. It also aligns closely with Schäfers et al. (2024) and Wissuchek and Zschech 

(2025), both of whom argue that predictive outputs become valuable only when linked to 

explicit action protocols. In the present study, those protocols take a modest but practical 

form: tightening purchases of perishable inputs, shortening operating hours, relying on core 

staffing, and using targeted promotion rather than fully committing resources under weak 

demand. The scientific interpretation is straightforward. When the sale-occurrence signal 

falls below the chosen threshold, continued full-intensity operation is no longer neutral; it 

becomes a form of avoidable exposure. That is why the identification of lean-mode 

candidate days is analytically meaningful. It shows that the forecasting system can 

strengthen cost discipline under uncertainty, rather than merely produce descriptive 

classification. 

The fifth finding supports Proposition 5 indicating that lead time is a key dimension 

of decision usefulness, as earlier signals expand the feasible window for operational 

adjustment under resource constraints. A useful signal is not only one that identifies likely 

no-sale periods; it is one that does so early enough for action to remain feasible. The 

manuscript reports that the trigger provides several days of advance notice before 

prolonged zero-sales runs, creating time to revise schedules, moderate procurement, adjust 

operating hours, and reduce cost commitments before liquidity pressure intensifies. This 

result is consistent with anticipatory-action research. As Schäfers et al. (2024) argue, 

predictive information matters when it changes the timing of intervention, and Wissuchek 

and Zschech (2025) make a similar point in the prescriptive-analytics literature. Yet the 

present study differs from much of that work in one important respect. It shows that useful 

anticipatory action in MSMEs does not depend on sophisticated infrastructure. What it 

requires, rather, is a simple and auditable trigger system built around signals that owner-

managers can monitor and use. 

This study contributes to the literature by repositioning forecasting in zero-heavy 

demand environments as a decision-support mechanism rather than a purely predictive 

tool. It extends dynamic capabilities theory by demonstrating how sensing, seizing, and 

reconfiguring processes can be operationalized through simple, data-driven signals in 

resource-constrained MSMEs. Specifically, sale-occurrence probability functions as a 

sensing mechanism, operating-mode selection reflects seizing, and adjustments in staffing, 

procurement, and service delivery represent reconfiguring. In addition, the study advances 

intermittent-demand research by linking occurrence–magnitude forecasting structures with 

threshold-based decision triggers, thereby bridging the gap between predictive modelling 

and managerial action. This provides a measurable micro-level mechanism through which 

demand uncertainty is translated into structured and repeatable operational decisions. 

For practitioners, the findings translate into a set of actionable guidelines for 

managing demand uncertainty. First, MSME owner-managers should separate two key 

decisions: whether a sales day is likely (based on occurrence signals) and how much 

operational readiness is needed (based on magnitude signals). Second, the occurrence signal 

can be used to trigger operating modes: a lean mode under high zero-sales risk (e.g., reduce 

perishable inputs, limit staffing, shorten operating hours) and a ready mode when sales are 

likely (e.g., maintain core inventory, deploy essential staff, apply targeted promotion). 

Third, responses should remain low-cost, flexible, and reversible to manage forecast 

uncertainty and avoid overcommitment. Finally, early-warning lead time should be actively 

used to adjust procurement, scheduling, and cost exposure before zero-sales periods occur. 
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For policymakers and support institutions, the implication is to prioritize simple data-

recording practices and decision templates rather than complex analytics systems, enabling 

MSMEs to implement trigger-based management within existing resource constraints. 

Conclusion 

This study shows that under zero-heavy and highly volatile demand conditions, the 

sustainability of ecotourism MSMEs depends more on timely and disciplined operational 

decisions than on improving forecast accuracy alone. The findings demonstrate that 

manually recorded daily sales data can be transformed into decision-relevant signals 

through a two-stage approach that separates sale occurrence from sales magnitude. Sale-

occurrence probability functions as an early-warning signal for determining operating 

modes, while conditional magnitude provides guidance on the level of operational 

readiness. By linking these signals to threshold-based decision triggers, the study identifies 

avoidable operating days and provides actionable lead time before prolonged zero-sales 

periods. Theoretically, the study contributes by operationalizing dynamic capabilities, 

sensing, seizing, and reconfiguring, within a measurable decision framework. Practically, it 

offers a simple and feasible human-in-the-loop approach that enables MSMEs to anticipate 

demand fluctuations, control costs, and adjust capacity under resource constraints. 

This study is subject to several limitations. First, the analysis is based on ecotourism 

MSMEs within a specific destination context, which may limit generalizability to other 

sectors with different demand structures. Second, the use of manually recorded sales data 

restricts the inclusion of external variables such as weather, events, and access conditions 

that may influence demand patterns. Third, the magnitude forecasting component is 

sensitive to limited observations of positive-sales days, which affects precision in estimating 

sales intensity. Future research can extend this work by incorporating additional low-

burden external indicators, testing alternative modelling approaches for magnitude 

prediction, and examining the broader impact of decision-trigger adoption on long-term 

business resilience, employment stability, and recovery performance across different 

tourism settings. 
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