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7. Driver safe and just operating spaces

• Only socioeconomic drivers have SJOS edges .˙. natural drivers excluded. 
• Core and wider SJOS tend to expand with regulatory governance, illustrat-
ing increased system resilience to internal and external stresses. 
• The number of motorboats can become unsafe across all governance sce-
narios .˙. resilience is linked more closely to fleet composition than size. 
• Core safety relies on narrow bands of motorboats; OL core occurs across 
all plausible trajectories of fish price, diesel price, total boats and fishers. 
However, tradeoffs may discourage transitioning from business-as-usual:
(i) OB requires a shift from common property rights to greater command and 
control; (ii) Motorboats suggest improved human wellbeing but may cause 
overexploitation; (iii) OL catch from 2015-25 averages 3% less than OM. 

2. Study background
The Chilika lagoon (Fig. 1) fishery is 
valued at US$25 million/yr, support-
ing 35,000 fishers and 200,000 de-
pendents1. Catch fell from 7200 ton-
nes/yr (1980s) to 3100 tonnes/yr 
(1990s), affecting various aspects of 
the system, including fisher income2, 
exports3 and human migration4. De-
spite recovery after tidal outlet reo-
pening in 2000, the system’s future 
is uncertain under plausible natural 
and socioeconomic changes. 

Fig. 1: the location of Chilika within India (boxed inset), the 10 
metre contour of the Mahanadi delta (green line) and surround-
ing urban areas.

• A system dynamics model (SDM) in-
tegrates natural and human drivers of 
Chilika’s monthly fish catch (Fig. 2).
• How far can these drivers evolve 
before the system can no longer reach 
a safe and just future5,6,7?
• Freshwater8 and sediment inputs in-
fluence Chilika’s habitat conditions, 
modifying fish survival9 and fish mi-
gration to and from the lagoon. 
• Traditional and motorboat fleets ex-
tract from mature and juvenile fish 
stocks9. 
• Various socioeconomic feedbacks 
drive fisher adaptive behaviors: B2, 
R3(a/b), B3 and B5. 

3. Model purpose and structure

Fig. 2: causal-loop diagram of the SDM’s key natural and human 
dynamics; certain variables (e.g. costs) have been aggregated for 
brevity. Key: blue- hydroclimatic, green- ecohydrological, red- 
core fishery, orange- fishing effort, purple- socioeconomic.  
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4. Future states and governance scenarios
‘Safe and just’ normatively classifies the sustainability of future outcomes. 

• Safe and just: catch from 2050-2060 averages maximum sustainable yield 
(MSY): 11,400-13,900 tonnes/year10.

• Dangerous: combined fisher population exceeds the total socioeconomic car-
rying capacity in any month from 2015-2060, meaning the system’s productivity 
no longer supports the livelihood costs of its human dependents. 

• Cautionary: catch is neither ‘safe and just’ nor dangerous. 
Three governance approaches assess internal leverage on system resilience:

• OM: from 2020, the tidal outlet is dredged every 10-15 years to keep sedi-
mentation at pre-1990s level (represents business-as-usual). 

• OB: OM + fishing is banned in the tidal outlet, reducing efforts by 7% (outlet 
area relative to lagoon).

• OL: OB + alternative livelihoods- fishers exit the system at 1/1000/month. 

Fig. 3: Monte Carlo SA outputs (colour) (N = 500) and data (black) depicting Chilika’s problem behaviours. 

5. Model performance analysis
• Structural and behavioural analysis included parameter assessment11, ex-
treme behaviour and sensitivity analysis (SA). 
• Two stage SA12 found coherence between reality and model variability 
(Fig. 3) by randomly perturbing the four significant drivers of catch (1st 
stage) by ±10% of their parameterised values: (i) fishers per boat, (ii) sed-
iment effect on macrophyte growth, (iii) Lower Mahanadi sediment-rating 
curve, (iv) rainfall-runoff coefficient of Chilika’s western catchments. 

6. External trajectories and resulting catch futures
Variables external to regional governance receive Monte Carlo trajectories:
• Fish price (INR/kg) and diesel price (INR/l): min. change = 0/year from 
2015; max. change = persist max. annual rise since records began (1978).
• Rainfall (mm/year): min. change = regional mean 1260 mm/year persists 
until 2060; max. change = +20% by 2046-206513.
• Air temperature (°C): min. change = regional mean 25.3°C persists until 
2060; max. change = +3°C by 2046-206513.
• Fisher birth and death rates: min. change = current values persist until 
2060; max. change = birth and death rates converge by 2060. 
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Fig. 4: Catch pro-
duced by the 
spectrum of 
Monte Carlo 
driver pathways 
(N = 1000 per 
govenance sce-
nario). Percent-
ages show the 
proportion of fu-
tures for each 
governance sce-
nario. Green - 
'safe and just', 
orange - 'caution-
ary', red -'danger-
ous’, black – 
pre-2015 catch. 

1. Research summary
• A system dynamics model (SDM) projects thousands of 
plausible futures for a regional natural resource system.

• The ‘safe and just operating spaces’ (SJOS) concept is regionalised by the probability of 
a given driver trajectory producing sustainable catch from 2050-2060. 

• We present a forward-looking tool to guide the governance of re-
gional systems along social-ecologically safe and just pathways. 

Rather than radar plots5,7,14, conditional probabilities (Fig. 6) show the 
chances of a given driver trajectory producing each future. Each trajectory 
equals the max. value reached in the undesirable direction by 2050. 

Fig. 6: the chances of ‘safe and just’ (green line) or ‘dangerous’ (red dashed) futures for given driver trajectories. 
The core SJOS (green fill) shows trajectories that if simultaneously achieved give ≥75% chance of sustainaning 
MSY to 2060. Black dashed lines equal the 95th percentile of a given driver’s SJOS. As of 2014: motorboats = 
230015; fish price = 141 INR/kg10; diesel price = 56 INR/litre; total fishers = 35,00010; total boats = 5,70010. 

Fig. 5: Causal 
driver trajectories 
are classified by 
whether they lead 
to ‘safe and just’ 
(green), ‘cautionary’ 
(orange) or ‘danger-
ous’ futures (red) 
from 2050-2060. 
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