
 

  

AQUACULTURE AND 

CLIMATE CHANGE PROJECT 

(AQAUA.CC), MOZAMBIQUE 
Extensive Organic Shrimp farming in tidal ponds, 

on-farm GHG emissions 

Schiettecatte, LaureSophie (ESA) 
lauresophie.schiettecatte@fao.org 

Abstract 
The present study aims at estimate the GHG emissions associated to shrimp pond-

farming in Mozambique, from land conversion, shrimp farming and agricultural and 

energy inputs. GHG emissions from shrimp farming and investments inputs play a 

lower share of the carbon-balance (less than 15%). On the contrary construction of 

shrimp pond aquaculture (assuming 1 m depth extraction) result in substantial impact 

on the final carbon balance because of the release and aerobic degradation of organic 

matter stored in the soil. A simulation of mangrove reforestation on an area of 

mangrove to shrimp-pond ratio of 40% showed it counterbalanced GHG from soil 

excavation for the pond construction. 

 



May 2016  Page 1 of 9 
 

Contents 
1. Description of the EX-ACT tool ........................................................................................................ 2 

2. Project description .......................................................................................................................... 3 

2.1 Project context ........................................................................................................................ 3 

2.2 Project objectives .................................................................................................................... 3 

3. Scenari & Data used for EX-ACT analysis ........................................................................................ 3 

3.1 On-farm GHG emissions .......................................................................................................... 3 

3.2 Inputs in EX-ACT ...................................................................................................................... 4 

I. Agro-ecological variables in EX-ACT ........................................................................................ 4 

II. EX-ACT Inputs .......................................................................................................................... 4 

III. EX-ACT Results .................................................................................................................... 6 

4. Discussion & recommendations ...................................................................................................... 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The author would like to thank Dr. Rupesh Bohmia from the Wetland Biogeochemistry lab, University of Florida 

in Gainesville, for providing carbon soil content data.  



May 2016  Page 2 of 9 
 

Aquaculture and Climate Change project 
(AquaCC), Mozambique 
 

The present computations are based on data and information from the World Bank project concept 

stage document n. ISDSC 12306 (29 May 2015) and completed with a FAO/World Bank Cooperative 

Programme document “fisheries governance and shared growth project in Mozambique; Contribution 

to project preparation: aquaculture and fisheries private sector support”, April 2012 (draft version, 

Vincent X.F.P., personal communication). 

1. Description of the EX-ACT tool 
The Ex-Ante Carbon-balance Tool (EX-ACT) is an appraisal system developed by FAO providing ex-ante 

estimates of the impact of agriculture and forestry development projects, programmes and policies 

on the carbon-balance. The carbon-balance is defined as the net balance from all GHGs expressed in 

CO2 equivalents that were emitted or sequestered due to project implementation as compared to a 

business-as-usual scenario. EX-ACT is a land-based accounting system, estimating C stock changes (i.e. 

emissions or sinks of CO2) as well as GHG emissions per unit of land, expressed in equivalent tonnes 

of CO2 per hectare and year. The tool helps project designers to estimate and prioritize project 

activities with high benefits in economic and climate change mitigation terms. The amount of GHG 

mitigation may also be used as part of economic analysis as well as for application for funding 

additional project components. EX-ACT has been developed using mostly the IPCC 2006 Guidelines for 

National Greenhouse Gas Inventories (IPCC 2006)1, completed with the 2013 supplement document 

for wetlands (IPCC 2014)2 that furnishes EX-ACT with recognized default values for emission factors 

and carbon values, the so called Tier 1 level of precision. Besides, EX-ACT is based upon chapter 8 of 

the Fourth Assessment Report from working group III of the IPCC (Smith et al., 2007)3 for specific 

mitigation options not covered in IPCC 2006. Other required coefficients come from published reviews 

or international databases. embodied GHG emissions for farm operations, transportation of inputs, 

and irrigation systems implementation, for instance, come from Lal (Lal, 2004)4 and electricity 

emission factors are based on data from the International Energy Agency (IEA, 2013). The EX-ACT 

appraisal process is interactive as well as participatory, and can strengthen the overall project design 

process, especially when a training and workshop element (for project teams, government 

counterparts, and other stakeholders) is integrated as part of the process. It may facilitate the 

discussion on ways to create incentives and institutional conditions that can promote their uptake 

(such as payments for environmental services). 

                                                           
1 IPCC, 2006. Guidelines for National Greenhouse Gas Inventories, Hayama: IGES. 
2 IPCC 2014, 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands, 
Hiraishi, T., Krug, T., Tanabe, K., Srivastava, N., Baasansuren, J., Fukuda, M. and Troxler, T.G. (eds). Published: 
IPCC, Switzerland 
3 Smith, P. et al., 2007. Agriculture.. In: B. Metz, et al. eds. Climate Change 2007: Mitigation. Contribution of 
Working Group III to the Fourth Assessment Report of the. Cambridge and New York: IPCC, pp. 497-540. 
4 Lal, R., 2004. Carbon Emission from Farm Operations. Environment International, 30(7), pp. 981-990. 
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2. Project description 

2.1 Project context 
Aquaculture is a key contributor to food security and nutrition, safety net, job creation and 

diversification for rural population which are among the poorest and most vulnerable in Mozambique. 

In September 2011 the shrimp farming sector in Mozambique was severely hit by an epidemic viral 

disease for the first time, leading to temporary shrimp farming closure in Sofala with a decrease of 

47% in total production. Regardless, remaining shrimp farming operators in Sofala and Zambezi 

provinces demonstrate a strong resilience and are modifying their production systems and introducing 

new development strategies to be able to maintain satisfying production levels. As an example the 

AQUAPECSA farm tends toward a more extensive production characterized by bigger size high quality 

shrimp for its high profile niche market, with one single cycle per year centered on the hot season 

when the virulence of the virus is inactivated by higher water temperature. Therefore the presence of 

the disease in Mozambican coastal environment has become the most important parameter to be 

taken into consideration in any subsequent development of the sector. 3 axes are considered in new 

development as sharing the operational risks with other stakeholders along the value chain, 

developing new production sites instead of concentrating in the same location and finally diversifying 

the cultivated species.   

2.2 Project objectives 
The project development objective is to pilot an inclusive out-grower scheme in aquaculture in 

Inhassunge and increase fish production. The project will assist the Government of Mozambique 

(GoM) in developing and piloting a sustainable, economically viable aquaculture model linking small, 

medium and industrial production levels on a same site (aquaparque). The development of small out-

growers schemes will be promoted and modelled by leaders such as AQUAPESCA.  

The project will take place in Inhassunge in Zambezia province, near the bank of Bons Sinais River. The 

total area devoted to new aquaculture ponds and associated facilities is about 440 ha. The site was 

previously devoted to salt production. It currently comprises mostly dry saline mudflats and short 

saline grassland that are widely present in the area. The area is located close to acacia savanna 

vegetation along with biologically diverse mangroves and inter-tidal mudflats along the banks. The 

saline mudflats infrequently wetted will be converted into aquaculture ponds.  

3. Scenarios & Data used for EX-ACT analysis 

3.1 On-farm GHG emissions 
Two scenarios are analyzed in the present report based on financial and productivity performance 

modelled from the farm AQUAPESCA in Mozambique. The Characteristics of each scenario are 

summarized in table 1.  

Scenario #1 is based on the sustainable shrimp production (P. monodon) from AQUAPESCA farm, in 

Quelimane. It gives information and data on activities leading to on-farm GHG emissions (table 1), 

albeit some data are missing at the moment, such as the feed carbon footprint, energy consumption 

from farm infrastructures or fuel used for tractors (table 2, p. 11, draft fisheries governance and shared 

growth project in Mozambique; Contribution to project preparation: aquaculture and fisheries private 

sector support”). Therefore these latter activities are not taken into account in EX-ACT computations 

for the present report.  
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Scenario # 2 is an alternative to scenario #1 considering bad performance in the production, such as a 

25% survival rate, a feed conversion ratio of 2.2, but an increase in average body weight (45 g instead 

of 33 g). 

Table 1: On-farm parameters with potential associated GHGs emissions 

Parameters Scenario # 1 Scenario # 2 

Length of cultivation (months) 6-7  6-7 

Average body weight (g) 33 45 

Survival rate (%) 60 25 

Annual production (tonne ha-1) 0.99 0.563 

Lime (kg ha-1) 500 500 

Pesticide (tea seed cake)5 No data No data 

Feed conversion ratio (kg feed/kg shrimp) 1.3 2.2 

Feed carbon footprint No data No data 

Energy consumption from pumping stations ($ for 7 months)6 350 350 
 

Energy consumption for larvae stocking No data No data 

Energy consumption for post-production processes (congelation, 
packaging and shipment) 

No data No data 

 

3.2 Inputs in EX-ACT 

I. Agro-ecological variables in EX-ACT 
Inhassunge is characterized by tropical moist climate. The dominant soil type is specified as LAC soils 

representative of the soil characteristics of the adjacent land. 

While the project is implemented over a period of 5 years (for the progressive extraction in 440 ha of 

mudflat), EX-ACT takes into account an additional period of capitalization of 15 years associated to the 

occupation time of shrimp pond-farming. 

II. EX-ACT Inputs 
An EX-ACT analysis is performed for each scenario according to inputs data from table 1. In both case 

we used the management of coastal wetlands module, the inputs and fishery modules of EX-ACT, 

considering the following as without- and with project scenario: (1) In the absence of project, no 

management activity on mudflat and shrimp farming is performed and the environment remains 

intact; (2) for the with-project situation we consider excavation of 440 ha of mudflat for the 

construction of shrimp pond-farming and associated parameters (table 1). 

We also consider a Tier 2 approach for the soil carbon content in the dry saline mudflat where 

excavation operations are taking place. Extraction in coastal wetlands is usually associated with the 

removal to 1 m depth of biomass, dead organic matter and soil, which results in significant emissions 

when their removal is from saturated to unsaturated (aerobic) conditions. Intertidal mudflat can store 

potentially significant amount of organic carbon in the sediment. This carbon is mostly of an 

                                                           
5 The tea seed cake is an organic pesticide. EX-ACT estimates GHG emissions at production, transportation, 
storage and transfer of agricultural chemicals. Thus the straightforward approach is here to consider no GHG 
emission for this pesticide 
6 i.e. for the annual shrimp production, thus for 1 ha. The kWh cost 0,07$ in Mozambique (data retrieved from 
http://www.doingbusiness.org/data/exploreeconomies/mozambique/getting-electricity/) 
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allochthonous production from adjacent ecosystems (Phang et al 20157). On a survey across an 

undisturbed ecosystem with mangrove, mudflat and seagrass in Chek Jawa (Singapour), Phang et al 

2015 reported mudflat carbon content to about 143 tC ha-1 (1 m depth). In Orissa state in India with 

similar climatic conditions than Mozambique, carbon content within abandoned shrimp ponds range 

from 42 to 71 tC ha-1 (1 m depth), Bohmia, personal communication, which are also within the range 

of Kauffman et al 20148 (59 to 65 tC ha-1). There is however little other information in the literature 

about carbon content in mudflat sediment and no in-situ data is here available. Thus we assume 3 

hypothesis with regards to the choice of the soil carbon stock and changes with extraction activities: 

(1) Mudflats in the present area are infrequently wetted saline mudflats which assume that the import 

of organic carbon from adjacent ecosystems, e.g. mangroves, is limited. The carbon stock value 

reported in the case study of Phang et al 2015 (around 143 tC ha-1) could be seen then as an upper 

limit; (2) We consider the mudflat area devoid of vegetation, although the report does mention the 

presence of saline grassland. In this latter case, information about the saline grassland carbon biomass 

stock could refine the present balance with a possible slight increase in greenhouse gas (GHG) 

emissions; (3) Some mudflats parts were previously converted to salt ponds. This suggests that a part 

of the organic matter in the sediment was oxidized when exposed to aerobic conditions and probably 

that extraction for shrimp pond will hold on a depth lower than 1 m, with a lower content of organic 

matter. As a consequence in absence of in situ data we consider that the averaged value (56.5 tC ha-

1) from the study of Bohmia, in abandoned shrimp pond, could be representative of the present area. 

However the influence of soil carbon stock on the carbon balance is analyzed and the outcomes are 

presented in table 2.    

We use the tier 2 approach in EX-ACT, with carbon stocks in the litter, the deadwood and the above- 

and belowground pools set up to zero, to take into account the absence of woody vegetation, (EX-ACT 

screenshot 1). 

EX-ACT screenshot 1: Tier 2 application to excavation of mudflat (total area of 440 ha). 

 

 

 

 

 

                                                           
7 Phang et al 2015. Ecosystem carbon stocks across a tropical intertidal habitats mosaic of mangrove forest, 
seagrass meadow, mudflat and sandbar. Earth Surface Processes and Landforms, DOI:10.1002/esp.3745 
8 Kauffman et al 2014. Carbon stocks of intact mangroves and carbon emissions arising from their conversion 
in the Dominican Republic. Ecological Applications, 24 (3), 518-527. 
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Table 2: Sensitivity analysis on the carbon-balance using different soil carbon stock value and shrimp 

pond-farming occupation time (total area 440 ha). 

Shrimp pond-farming 
Occupation time 

Gross fluxes (tCO2-e) Scenario #1A Scenario #1B Scenario #1C 

10 years Total carbon-balance  93,000 227,000 70,000 

Per hectare per year 21 52 16 

20 years Total carbon-balance  100,000 234,000 78,000 

Per hectare per year 11 26 9 

30 years Total carbon-balance  107,000 241,000 85,000 

Per hectare per year 8 18 6 

Soil carbon stock: scenario #1A, 56.2 tC ha-1 (value used in the project analysis) scenario #1B, 143 tC ha-1 (Phang et al 2015); 

scenario #1C, 42 tC ha-1 (Bohmia, personal communication).  

N2O emissions from shrimp ponds are taken into account in the computations according to the 

production at harvest plus the loss calculated from the mortality rates, according to the following 

equation: 

 N2O-NAQ= F (1+RM) * EFf         Equation 1 

With N2O-NAQ the annual direct N2O-N emissions from aquaculture use in kg N2O-N yr-1; F the annual 

fish production in kg shrimp yr-1, RM the mortality rate and Eff the emission factor for N2O emissions 

from shrimp produced in kg N2O-N (kg shrimp produced)-1. 

III. EX-ACT Results 
The following tables (screenshots 2 & 3) summarize the GHGs sequestration and the share of the 

balance per GHG from scenario # 1 and scenario #2. Results are given in tonne CO2 equivalent (tCO2-

e). Positive numbers represent sources of CO2-e emission while negative numbers represent sinks. The 

left table section summarizes estimated CO2-e emissions and sinks from the scenario without-project 

(left column), from the scenario with-project (middle column) and the total balance (right column). 

The middle table details the Carbon Balance under project implementation, showing the CO2 fluxes 

from biomass and soil carbon fluxes, GHG associated to agricultural and energy input and GHG from 

pond-farming activities. The right table details annual CO2-e fluxes for the different activities without 

and with-project implementation. 

EX-ACT screenshot 2: Scenario # 1, EX-ACT results, gross fluxes and balance of greenhouse gases (GHG) 

of the without- and with-project scenario, share of GHG of the balance and annual CO2-e emissions 
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EX-ACT screenshot 3: Scenario # 2, EX-ACT results, gross fluxes and balance of greenhouse gases (GHG) 

of the without- and with-project scenario, share of GHG of the balance and annual CO2-e emissions 

 
  

The with-project situation leads to a moderate carbon balance with CO2-e emissions of about 100,000 

tCO2-e over the 20 years in both scenarios. The balance is shared between emissions from mudflat 

extraction (88,000 tCO2-e), shrimp production (8,500 tCO2-e in scenario #1 and 6,000 tCO2-e in 

scenario #2) and agricultural and energy inputs (4,000 tCO2-e).  

4. Discussion & recommendations 
The Aquaculture and Climate Change project development objective is to pilot an inclusive out-grower 

scheme in aquaculture in Inhassunge with increase of fish production and value addition. The project 

is based on the AQUAPESCA farm proposal which developed a production of very high quality standard 

shrimp in low semi-intensive pond conditions. Two scenarios are considered which, aside from 

financial aspects, differ for the productivity level (e.g. average body weight and mortality rate) and 

feed inputs in the shrimp farming.  

The two scenarios are analyzed in EX-ACT and both result in moderate GHG emissions, 100,000 tCO2-

e, largely dominated by mudflat excavation activities (88,000 tCO2-e). N2O emissions from shrimp 

ponds and emissions from agricultural and energy inputs contribute in a lesser extent to the carbon 
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balance (less than 15%). Carbon emissions associated to excavation represent about 200 tCO2-e ha-1, 

half of the value reported by Jonell & Henriksson 20149, but coherent if we consider assumptions 

taken for the soil carbon content. The final carbon balance in both scenarios is about 11 tCO2-e ha-1 

yr-1 for a 20 year occupation time of the ponds. When applying an occupation time of 30 years this 

value decreased by 30% to 8 tCO2-e ha-1 yr-1. These results, together with the sensitivity analysis from 

different soil carbon stock (table 2), highlight the strong impact on carbon-balance that management 

activities, within coastal wetlands such as soil excavation can have. These ecosystems are known to 

store and sequester carbon from decade to millennia in their biomass and soil as long as they remain 

undisturbed. A longer occupation time of the farms and/or bio-sequestration practices such as 

reforestation activities could however cushion or counterbalance emissions associated to land 

transformation.  

Indeed, as the project mentioned the possibility for mangrove replantation in the vicinity of the shrimp 

farm, we can consider a hypothetic scenario including forest management practices. Starting from 

scenario #1, we can include the reforestation with mangrove trees of 40% of the shrimp farm area (i.e. 

176 ha), according to the mangrove forest-to-pond ratio in Jonell & henriksson 2014. This ratio 

corresponds to the averaged coverage of mangrove in integrated mangrove-shrimp farming in 

Vietnam. The new EX-ACT scenario still takes into account a project implementation of 5 years 

(assuming that excavation will occur the 1st year and the replantation of mangrove trees will last over 

the next 4 years) and a 15 years capitalization phase which is needed in order to capture the full impact 

of introduced changes in land use and management on soil and biomass carbon stocks. Results are 

shown in the below screenshot (screenshot 4).  

EX-ACT Screenshot 4: EX-ACT results of Scenario #1 including mangrove reforestation, gross fluxes and 

balance of greenhouse gases (GHG) of the without- and with-project scenario, share of GHG of the 

balance and annual CO2-e emissions.  

 

The mangrove restoration (rewetting of the mudflat, and revegetation) after 20 years counterbalance 

emissions associated to the mudflat excavation from scenario #1, via carbon sequestration in the 

biomass and soil. While the excavation leads to the oxidation of organic matter in soil of 88,000 tCO2-

e (during the 1st year), mangrove plantations sequester about -109,000 tCO2-e, screenshot 5 below. 

                                                           
9 Jonell & Henriksson 2014. Mangrove-shrimp farming Vietnam, comparing organic and conventional systems 
using life cycle assessment. Aquaculture, doi:10.106/j.aquaculture.2014.11.001 
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The final carbon balance is also significantly changed over 20 years, from 11 (scenario #1) to -0.7 tCO2-

e ha-1 yr-1.  

EX-ACT screenshot 5: share of the balance per 

GHG between biomass, soil, agricultural and 

energy inputs (CO2-other) and ponds activities 

(N2O). 

 

 

 

 

Results in the present study are reported in tCO2-e ha-1 yr-1 for an expected production of 1 tonne of 

shrimp per hectare per year, therefore the final unit can be converted in tCO2-e per tonne of live 

weight shrimp. This allows comparisons with literature of aquaculture life cycle analysis assessment 

where the functional unit is tonne of live weight shrimp and the carbon footprint is expressed in tCO2-

e FU-1. Our GHG emissions are lower than the ones reported by Jonell & Henriksson 2014, for the life 

cycle assessment of integrated mangrove-shrimp farms, 20 to 32 tCO2-e FU-1. Although their analysis 

are performed over a 50 years occupation time, we can attribute discrepancies from the land use 

transformation. In their study, GHG emissions take into account mangrove deforestation and soil 

excavation whereas our emissions are related to excavation of mudflat devoid of vegetation. 

The present study shows the GHG emissions associated to shrimp pond-farming in Mozambique, from 

land conversion, shrimp farming and agricultural and energy inputs. GHG emissions from shrimp 

farming and investments inputs (agricultural and energy) play a lower share of the carbon-balance 

(less than 15%). On the contrary construction of shrimp pond aquaculture (assuming 1 m depth 

extraction) can hardly be considered as light handed. Indeed the sensitivity analysis with different soil 

carbon stock on the contribution of the land conversion to GHG emissions can result in substantial 

impact on the final carbon balance because of the release and aerobic degradation of organic matter 

stored in the soil. Given the high carbon stocks in coastal wetlands, it is necessary to consider 

alternative management practices to smooth or counterbalance high emissions from their conversion. 

Longer pond-farming occupation time allows to soften CO2-e fluxes resulting from the conversion but 

the strongest mitigation approach arises from reforestation practices. A 20 years simulation including 

a reforestation programme covering the equivalent of 40% of the surface occupied by the shrimp 

pond-farming showed it counterbalanced emissions associated to land conversion. 

 


