Additional file 1
Key model equations
	Eq ref
	Element
	Equation
	Condensed model role / interpretation

	1
	People-equivalent treatment capacity
	
	Converts available psychology FTE into the number of patients who can be supported at baseline treatment intensity. This links workforce supply expressed in services with treatment capacity expressed in people.

	2
	Workforce required to meet treatment demand
	
	Estimates the psychology FTE needed to meet total treatment demand. Patients in treatment occupy existing capacity, while patients awaiting treatment represent queued unmet demand requiring additional capacity.

	3
	Adjusted service-derived capacity
	
	Represents the behavioural productivity response to perceived wait pressure. Capacity can fall below baseline when pressure is low or temporarily rise above baseline when backlog pressure leads to workforce over-stretch.

	4
	Treatment admissions
	
	Constrains new treatment entry by the smaller of patients awaiting treatment and remaining treatment vacancies after the current in-treatment caseload has been accounted for. Existing treatment occupancy is therefore prioritised before new admissions.

	5
	Workforce turnover
	
	Links workforce retention to monthly exits. Turnover is driven by baseline tenure and endogenous behavioural effects that modify average time in position; scenario settings may also scale turnover directly.

	6
	Workforce gap
	
	Defines the shortfall between required workforce and the effective near-term workforce position. The gap accounts for both currently available workers and expected departures over the vacancy-filling horizon.

	7
	Workforce recruitment
	
	Recruitment responds to the positive perceived workforce gap over the recruitment horizon. When the perceived gap is zero or negative, workforce surplus is reduced through ordinary turnover; when a recruitment ceiling is active, realised recruitment is additionally capped.

	8
	Adjusted care-seeking presentations
	
	Represents how societal perceptions of waiting affect demand at pathway entry. Unfavourable perceptions associated with prolonged waiting can suppress primary-care presentation, whereas favourable perceptions can increase presentation above baseline.

	9
	Indicated professional passion
	
	Combines energy and morale as weighted contributors to professional passion. This pathway links workforce strain and perceived system performance to subsequent psychosocial workforce dynamics.

	10
	Indicated service quality
	
	Represents indicated service quality as a multiplicative function of professional passion and workforce experience. Weakness in either component constrains indicated quality; lower realised service quality can subsequently increase in-treatment dropout.

	11
	Supply-Demand Indicator (SDI)
	
	Indicates structural balance between baseline service-derived caseload capacity and current treatment demand. SDI below 1 indicates structural shortfall; SDI above 1 indicates surplus baseline capacity. It is interpreted alongside additional indicators because it does not capture unmet need outside the pathway or workforce strain.

	12
	Care-seeking prevalence
	
	Measures the proportion of people experiencing mental ill-health who are in some form of care. Because patients awaiting treatment are counted as being in care, this indicator may change only modestly when wait-list accumulation occurs alongside untreated population growth.

	13
	Suppressed care-seeking gap
	
	Estimates the absolute difference between baseline expected primary care presentations and actual adjusted presentations after the societal perception multiplier is applied. It is an indicator of potential unmet demand before entry into primary care.

	14
	Suppressed care-seeking fraction
	
	Expresses suppressed care-seeking proportionally. Positive values indicate fewer presentations than expected under baseline conditions, while negative values indicate presentations above baseline expectation.

	15
	Psychology pipeline attrition ratio
	
	Measures leakage from the psychology treatment pathway by comparing early unresolved exits with new psychology referrals. It focuses on wait-list and in-treatment dropout rather than patients who complete a service block yet remain unresolved.


Note. A, treatment admission; ATIPadj, adjusted average time in position; as adjusted average time in position decreases, a larger fraction of the workforce departs each month; Cadj, adjusted people-equivalent treatment capacity supported by current service output; Cnorm, baseline people-equivalent treatment capacity; CP, care-seeking prevalence; CSadj, realised adjusted care-seeking presentation flow to primary care; CSFnorm, normal care-seeking fractional rate; FCS, proportion of expected care-seeking suppressed before entry into primary care; GCS, suppressed care-seeking gap; GPref, new psychology referrals from primary care; GW, workforce gap; GWperc, perceived workforce gap; Lpsy, psychology pipeline attrition; mCSM, care-seeking motivation multiplier derived from societal perceptions of system efficiency; mE, multiplier effect of relative workforce energy on passion; mEXP, multiplier effect of professional experience on service quality; mM, morale-to-passion multiplier derived from perceived system performance; mPP, multiplier effect of relative professional passion on service quality; mPRWT, productivity multiplier responding to perceived relative wait time; MHcare, number of people in a formal care state, including primary care, other mental healthcare, awaiting care, or in treatment; MHtotal, total number of people experiencing mental ill-health across states; PAW, patients awaiting treatment; PIT, patients currently receiving treatment; together, patients awaiting treatment and patients currently receiving treatment define total treatment demand; PMIH, population living with mental ill-health; p, average services required per patient per month; PP*, indicated professional passion; PPnorm, normal professional passion; R, workforce recruitment; Rtotal, total returning patients; s, baseline number of services delivered per worker per month; SDI, ratio of baseline people-equivalent capacity to total current treatment demand; SQ*, indicated service quality; SQnorm, normal service quality; T, workforce turnover; Tperc, perceived workforce turnover; τfill, vacancy-filling horizon; the term Tperc * τfill represents the number of workers expected to be lost over the vacancy-filling horizon; τrec, average time to recruit; u, calibrated Medicare service-utilisation fraction, representing the proportion of community-psychology service capacity observed as Medicare-subsidised activity; Upost, unresolved post-treatment cases; W, available psychology workforce, measured as clinical FTE; Wreq, workforce required; wE, weight assigned to workforce energy; wP, weight assigned to professional passion relative to professional experience. Full implemented equations, including perception delays, switches, conditional formulations and scenario-specific constraints, are provided in the supplementary model documentation.


