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1. Background 

 

Shortly after South Sudan became an independent state, conflict beginning in December 2013 led to the displacement of 

millions of South Sudanese people.  Over two years later, the threat of conflict, unresolved large scale displacement and 

the inability of millions of people to return to sustainable livelihoods is contributing to one of the largest humanitarian 

crises of the year.  In preparing supporting materials for agencies responding to urgent humanitarian needs, the 

demographic disruption taking place creates a tension between the desire for numerical estimates of populations most 

in need and the ability to make such estimations.   

 

2. Review of Existing Data Sets 

 

Numerous data sets exist for South Sudan; however, none of the existing datasets account for the displacement of over 

ten percent of South Sudan’s population due to conflict.  Nevertheless, the variability within these data sets suggests a 

fairly high degree of uncertainty, even in the baseline estimates of population prior to conflict.  Figure 1 illustrates the 

county population estimates for 2014. 

 

Table 1.  Variations in South Sudan Population Figures, by Data Source 

 

Data Set (year) Population Total 

 South Sudan Census (2008)                 8,207,607  

 WorldPop (2010)                 8,335,668  

 LandScan (2011)                 9,434,022  

 LandScan (2012)              10,605,828  

 LandScan (2013)              11,090,312  

 LandScan (2014)              11,556,345  

 WorldPop (2015)              11,873,659  

 United Nations (2014) - project baseline              11,686,743  

 

3. Methodology 

 

 3.1  Creating a Population Surface with Concensus Statistics 

 

The starting point for updating the county population figures began with the 2014 UN county estimates (see Figure 1).  

These estimates were made by taking birth rates and death rates into consideration, but they did not account for 

significant changes in county population totals due to internal displacement.  To create a more spatially explicit model of 

displacement, the UN county totals were disaggregated and distributed across the surface of South Sudan, using the 

LandScan 2014 population grid (see Figure 2). 
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Figure 1.  UN 2014 County Population Totals for South Sudan 

 
Figure 2.  LandScan 2014 Distribution (1 km2 resolution) 

 
The LandScan population grid and the county boundary files from the UN were integrated by dividing each grid cell 

population by the total LandScan county population.  This produced a raster surface of the proportion of LandScan 
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county population found in each 1 km2 grid cell (Figure 3).  The county ratio grid, was then multiplied by the UN 2014, 

agreed county estimates, thereby distributing the official county population totals across the LandScan surface. 

 

Figure 3.  County Population Ratio for Each 1 km2 Grid Cell 

 
 3.2  Creating a Map of Nearest IDP Settlements in South Sudan 

 

The most recent IDP measurements to date are for December 3, 2015.  The IDP point locations were used to create a 

catchment surface of nearest IDP settlements in South Sudan.  First, the IDP Matrix was geocoded in ArcGIS, and a query 

was used to select only settlements with a population over zero (n=233).  The Theissen Polygon, or catchment surface 

that describes the nearest IDP settlement is shown in Figures 4 and 5. 
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Figure 4.  IDP Settlement Counts and Catchment Areas 

 
Figure 5.  IDP Settlement Counts and Catchment Areas by IDP Count 
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3.3  Estimating Internal Out-Migration Based on IDP Counts 

 

A new proportional surface was created for each catchment region that described the ratio of population in each grid 

cell within the catchment region to the population for the total catchment area (Figure 6).  This proportional grid was 

multiplied by the IDP count in the nearest settlement; thereby distributing the out-migration across the catchment area, 

so that larger population areas contribute a greater proportion of IDP settlement than the smaller areas.  This makes 

two unverified assumption about internal displacement: 1) that displaced persons typically travel to the nearest IDP 

settlement, and 2) that displacement is proportional to the population of pre-disruption settlements.  Future research 

from geographically smaller regions and settlements where comprehensive surveys were conducted might help verify 

the validity of these two assumptions and test their scalability. 

 

Figure 6.  IDP Settlements and Catchment Population Ratios 

 
 3.4  Estimating Net Internal Migration for South Sudan Counties 

 

The internal out-migration grid estimates were totaled by county, using zonal statistics (Figure 7), and IDP settlement 

totals were added to each county as in-migration, using a process called spatial join (Figure 8).  The internal out-

migration totals to the sum of all IDP settlement populations, or internal in-migration.  The internal in-migration and 

out-migration at a country scale sums to zero.  Net migration may be either positive or negative at the county level 

(Figure 9). 
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Figure 7.  Internal Out-Migration by County (Modeled Using Catchment Ratios) 

 
Figure 8.  Internal In-Migration by County (Based on IDP Settlement Population Counts) 
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Figure 9.  Internal Net Migration by County, 2015 Estimates 

 
 3.5  Estimated Refugee Out-Migration from South Sudan Counties 

 

According the UNHCR situation reports for March 2016, over 800,000 refugees have fled South Sudan since December 

2013.  The proportions of refugees leaving South Sudan arriving in Ethiopia and Uganda have been reported by the 

UNHCR by county of origin (these are combined and illustrated in Figure 10).  These values were also subtracted from 

UN 2014 county population totals to create the 2015 estimates.  Though the majority of refugees are fleeing South 

Sudan, there has been some circulation of refugees into South Sudan from neighboring countries.  These values have not 

been incorporated into county estimates.  Future models of emigration from South Sudan might include catchment-

based estimates of out-going migrants to Sudan, C.A.R., D.R.C., and Kenya. 
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Figure 10.  Refugee Emigration by County of Origin in South Sudan, Based on UNHCR Reports 

 
3.6 County Population Totals for December 2015 

 

Using the UN (2014) county population totals as our baseline estimate, net-migration totals1 were added to each county, 

and refugees figures were subtracted from each county.  Figure 11 illustrates the estimated 2015 population totals.  

Specific numeric values for the county estimates are included in the appendix and accompanying spreadsheet.  Figure 12 

illustrates the forecasted population change between 2014 and 2015 due to displacement.  Overall, the 2015 estimates 

forecast a decline in total population from 11.687 million in 2014 to 11.606 million in 2015.  Due to IDP settlement 

locations, the proportional increase in population was greatest for Panyijiar in Unity state.  Ulang in Upper Nile had the 

greatest forecasted, proportional population decline of over a quarter of the 2014 population, from 106,440 to 76,834. 

  

                                                           
1 Net migration = in-migration – out-migration 
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Figure 11.  Estimated County Population, 2015 
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Figure 12.  Forecasted Population Change Due to Displacement and Emigration, 2014-2015 

 
4.  Lessons Learned and Ways Forward 

 

The model for internal displacement that is presented here is simplistic and requires verification and validation in order 

to become a standardized technique for forecasting population disruption.  Given the urgency of the circumstances 

related to relief efforts in South Sudan, this report presents a best guess for how populations may have shifted at a 

county level.  It does, however, build on a valuable data collection infrastructure that both UNOCHA and UNHCR have in 

place.  I look forward to dialog with and recommendations from user groups that might find these forecasts useful or 

valuable.  I am open to making revision and doing my best to improve the methods that I have to work with.  At a 

minimum, future efforts to make short term population estimates for South Sudan can incorporate the catchment 

model for refugee populations to predict both the county of origin and magnitude of populations fleeing to CAR, DRC, 

Sudan, and Kenya.  Also, ACLED conflict event points might be used to define buffer zones for unlikely in-migration 

territories and likely out-migration territories, further refining the probable origin-destination paths of displaced 

persons.  
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Data Sources: 

 

UN Cartographic Boundary Files. 

South Sudan Boundary Files, HDX 
Ssd_admbnda_adm0_200k_ssnbs_2016.zip 
Ssd_admbnda_adm1_200k_ssnbs_2016.zip 
Ssd_admbnda_adm2_200k_ssnbs_2016.zip 
SSD_COD_AdminBoundaries_gdb_2016.zip 
SSD_AdminBoundaries_TabularData_2016.xls 
SS_admbndl_Undeterminedbdry_200k_ssnbs_2013.zip 
SS_admbndt_adm3_ssnbs_2008.xls 

South Sudan Inter Cluster 
Information Working Group 
(ICIWG), National Bureau of 
Statistics (NBS), and OCHA 

HDX: 
https://data.hdx.rwlabs.org/dataset/south-
sudan-administrative-boundaries  
Date: 16 February 2016 
Download: 15 March 2016 

 

LandScan (2014)™ High Resolution global Population Data Set copyrighted by UT-Battelle, LLC, operator of Oak Ridge 

National Laboratory under Contract No. DE-AC05-00OR22725 with the United States Department of 

Energy.  Downloaded March 2016. 

 

WorldPop (2016).  WorldPop: High-Resolution Age-Structured Population Distribution Maps.  Downloaded March 2016.  

URL: http://www.worldpop.org.uk/ 

https://data.hdx.rwlabs.org/dataset/south-sudan-administrative-boundaries
https://data.hdx.rwlabs.org/dataset/south-sudan-administrative-boundaries

