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Definitions and abbreviations

AU African Union
CDR Crude Death Rate Risk of dying for all age groups, death per
day per 10,000
Database at CRED containing standardized
CE-DAT/CRED | Complex Emergency Database | and comprehensive data on the human
impact of conflict
CRED Ce_ntre for Researgh on the
Epidemiology of Disasters
The factor by which variance of the point
estimate using a specific sampling design
DE Design Effect e.g. cluster differs from what the variance
would have been had the same number of
persons been sampled totally at random.
Darfur Humanitarian Need Quarterly report from OCHA-Sudan on the
DHNP . 2 o
Profile humanitarian situation in Darfur
DNU Darfur Nutrition Update Quarte_rly Tepor_t fro_m U_NICEF-Sudan on the
humanitarian situation in Darfur
Prevalence (%) of children from 6 to 59
GAM Global Acute Malnutrition months of age with weight-for-height z-score
below -2 or oedema.
GoS Government of Sudan The Sudanese government in Khartoum
HNTS g:;s\l:it?eand Nutrition Tracking Inter-agency organization hosted by WHO
Displaced person within the country, in
IDP Internally Displaced Person contrast to a refugee, who seeks refuge in
another country
JEM Justice and Equality Movement | Rebel movement, Darfur
. The agency that has defined the child growth
NCHS Natl_on_al Centre for Heath standard which is used to assess GAM and
Statistics
SAM
NGO Nongovernmental Organization
Database at SCN containing nutrition and
NICS/SCN Complex Emergency Database mortality data published in NICS and RNIS
NICS N_utrltl_on Information in Crisis Reports from SCN
Situations
OCHA Office fpr C_:oordmgtlon of UN organization
Humanitarian Affairs
RNIS Refugee Nutrition Information Earlier reports from SCN, now NICS
System
Prevalence (%) of children from 6 to 59
SAM Severe Acute Malnutrition months of age with weight-for height z-score
below -3 or oedema.
SCN Staqqlng Committee on UN organization
Nutrition
SLA Sudan Liberation Army Rebel movement, Darfur
UN United Nations
Risk of dying for live-born children below 5
USDR Under-5 Death Rate years of age, death per day per 10,000
WFP World Food Programme UN organization
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ABSTRACT

The crisis in Darfur, Sudan has a long and complex history in a population prone to chronic
food insecurity. The current crisis began in 2003 with an armed insurgency and a counter-
offensive by the Government of Sudan (GoS). Although the humanitarian repercussions
were dramatic, access to humanitarian aid was denied. At the beginning of 2004 the
international community began to intervene; GoS ceased its direct attacks on civilians, but
continued to support local militias (Janjaweed). Throughout 2004 and 2005 humanitarian
aid gained momentum. Darfur is now the arena of the largest humanitarian operation in the
world.

To investigate the evolution of the humanitarian situation in Darfur, trends in nutritional
status and mortality from 2004 to 2008 were analysed based on 164 publicly available
surveys. Malnutrition prevalence and death rates were modelled taking into account
changes in the contextual situation and humanitarian aid, status of the population
(residents and internally displaced persons (IDPs)) and seasonal variations.

The results of the analysis showed that by the end of 2005 the humanitarian crisis had
generally been contained, with an overall yearly decrease of 16% in prevalence of global
acute malnutrition (GAM) and a 28% decrease in prevalence of severe acute malnutrition
(SAM) in 2004 and 2005. These decreases were homogeneous across all three states and
populations (residents as well as IDPs). The decrease in the risk of dying was even more
marked: the crude death rate (CDR) dropped by between 44% and 75% per year
depending on the state and type of population, while the under-five death rate (U5DR)
decreased by 50% each year. At the end of 2005, the risk of dying was below emergency
thresholds for both the general population and for children under five years of age.
However, the affected population continued to suffer under the combined effects of high
levels of violence, deteriorating livelihood conditions and food shortages.

Both the security environment and the overall humanitarian context became increasingly
complex after 2005. In addition to the main parties to the conflict', new rival factions with
different motives emerged, and incidents of banditry increased. Livelihood conditions had
changed. Humanitarian aid workers and convoys were increasingly attacked and
harassed. However, despite this, levels of malnutrition remained stable in both North and
South Darfur. In West Darfur, GAM remained stable but SAM tended to increase for IDPs,
which might be interpreted as an indication of the population's reduced ability to cope,
although mortality rates remained stable. Mortality rates seemed to increase slightly for
residents in South Darfur after 2005, even though the nutritional status was stable. This
rise may be due to the increased levels of violence in South Darfur from the end of 2007
and throughout 2008.

At the end of 2008 violence, armed assaults and banditry were still widespread, and the
security situation was becoming increasingly complex with the emergence of splinter rebel
groups and other armed factions. The humanitarian situation remained fragile and signs of
a forthcoming breakdown emerged. In view of this, it is important that the humanitarian
situation continue to be closely monitored.

! The two rebel groups (the Sudan Liberation Army and the Justice and Equality Movement) on the one hand
and GoS on the other.
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INTRODUCTION

The crisis in Darfur, Sudan has a long and complex history dating back to the 1980s or
even before [Young & Maxwell 2009], with a population already affected by a high burden
of disease, chronic food insecurity, inadequate health and water services and lack of
sanitation facilities [FANTAZ2]. The current crisis began in 2003 when rebel groups went on
the offensive against the Government of Sudan (GoS), which launched a forceful counter-
offensive.

By January 2009, 4.8 million civilians had been affected by the crisis, of whom 2.9 million
were displaced (Figure 1). Cease-fires and peace agreements as well as extensive
humanitarian aid have improved matters somewhat. However, the situation remains highly
volatile?.

This study reviews nutrition and mortality trends in Darfur from 2004 to 2008 in order to
evaluate the evolution of the humanitarian situation.

AIM AND LIMITATIONS

The study aims to analyse general trends in nutrition and mortality and correlate these with
general contextual trends in the evolution of the crisis in Darfur.

The following issues are beyond the scope of this study:

* Thorough contextual analyses of the Darfur crisis including all perspectives such as
its impact on livelihood, trade and markets. For more information on these aspects,
see reports from Feinstein International Center [FIC].

* Thorough analysis of mortality by cause of death (e.g. violence or morbidity).

* More detailed analyses such as 1) the effect of nutritional status on mortality; 2) the
effects of measles coverage, crowding (household size), morbidity (diarrhoea, ARI
or other illness), feeding centres, food security, access to population etc. on the
humanitarian situation.

2 |t is worth noting here the major developments of March 2009, when the International Criminal Court issued
an arrest warrant for the Sudanese president Omar al-Bashir. GoS subsequently expelled 13 international
humanitarian NGOs [Parmar 2009] and revoked the licences of three national NGOs [ALNAP-HPG 2009].
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Figure 1. Development in affected population
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BACKGROUND

Darfur is the westernmost region of Sudan (Figure 2), the largest country in Africa. Sudan
covers 2.5 million square kilometres and had a population of 39 million in 2008 [CBS-
Sudan]. Darfur consists of three federal states: North, South and West Darfur. Before the
current conflict, greater Darfur had a population of 6.5 million.

Darfur's many challenges through the years have included inter-tribal clashes, armed
conflict in bordering countries, and agro-meteorological hazards affecting livelihood. Darfur
is prone to drought and desertification in the north, leading southern farmers and northern
pastoral nomads to clash over scarce resources. The conflict had generally been limited to
raids by armed bandits and inter-ethnic clashes. Despite various attempts to reconcile,
including peace conferences in 1989, 1997 and 2002, the conflict continued [MSF-H
2004]. In spite of this, the overall nutritional and mortality situation in Darfur in 2000 was
comparable to that of other states in Sudan [Guha-Sapir and Degomme 2005], although
the prevalence of childhood malnutrition was elevated in North Darfur [MICS 2000].
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Figure 2
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Over the past decades, the government in Khartoum has devoted few resources to
developing Darfur's infrastructure, including schools. GoS has either ignored the conflicts
in Darfur or has tried to manage them through its support of the Arab militias (Janjaweed).
In the 1990s an organized rebellion began in Darfur, from which the Sudan Liberation
Army (SLA) and the Justice and Equality Movement (JEM) emerged.

2003-2008

In February 2003, the SLA and JEM attacked major towns in North and West Darfur
[Danet et al 2007, Muthee 2007]. GoS reacted by reinforcing government troops and
joining arms with the Janjaweed. The government’'s forceful counter-offensive, mainly
targeting the civilian groups from which the rebels were supposedly recruited, was mainly
carried out by the Janjaweed with support from the Sudanese Air Force [Petersen and
Tullin 2005]. From June to September 2003 the counter-offensive concentrated on the
south and west of North Darfur [Danet et al 2007], drawing in West Darfur by October of
that year. By then, parts of the rebel forces had withdrawn to the eastern and southern
parts of Darfur. From April 2004 GoS extended its operations to greater Darfur, including
South Darfur. During the counter-offensive, civilians were indiscriminately killed, beaten
and raped [UnderstandingSudan 2006, Danet et al 2007, Hagan et al 2009]. Hundreds of
villages were looted and razed, crops were ruined and grain in storage was destroyed
[Petersen and Tullin 2005]. This led to massive population displacements as people
moved within the region or fled across the border to Chad. Military operations continued
despite cease-fire agreements in September 2003 and April 2004 and despite the arrival of
100 observers and 300 soldiers from the African Union (AU) in August 2004 to monitor the
ceasefire.

The resulting humanitarian crisis was not on the international agenda before the end of
2003, mainly because access to Darfur was denied by GoS, thus preventing reports of the
situation reaching the wider community. In February 2004, humanitarian NGOs gradually
began setting up operations in Darfur. By April 2004, around one million people had been
displaced and much of the previous year's food crops had been destroyed or left un-
harvested, resulting in severe food shortages throughout the region.

On 30 July 2004, the United Nations (UN) and GoS signed a communiqué in which the
latter pledged to improve humanitarian access, human rights and security and strive for a
political resolution of the conflict. However, the violence continued. The situation did not
improve following a renewed commitment by GoS later that year, nor did the October
deployment of 2900 additional troops from the AU, with a mandate expanded to include
the protection of civilians, result in any discernible improvement. Security remained highly
volatile.

By the end of 2004 the number of internally displaced persons (IDPs) had risen to 1.8
million. Overall, 2.4 million persons were affected by the crisis (Figure 1). The area planted
for the 2004 harvest was only 40% of that cultivated in 2003. Food prices had increased by
60% because of poor harvests and disrupted transportation from food-surplus areas.

In 2005 the humanitarian situation stabilized and even improved slightly. By the end of the
year, mortality had decreased to below emergency levels and the nutritional status had
stabilized but remained precarious. However, the security situation continued to be
volatile, with continuing banditry, attacks on civilians and harassment of aid workers.
Communities’ coping mechanisms were close to the point of exhaustion, and the numbers
of affected people rose to 3.6 million (Figure 1), mainly among residents. Half of those
affected by the crisis were IDPs.

In May 2006 GoS and SLA, the largest rebel group, signed a peace agreement. Other
rebel groups refused to sign, which led to disputes, further fragmentation among these
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groups and continued high levels of insecurity. Attacks on humanitarian aid workers and
convoys increased [NICS]. Although AU's mandate was extended in September to include
23 000 peacekeeping troops with logistic support from the UN, only 7000 troops had been
deployed by January 2007.

The World Food Programme (WFP) rations have fluctuated, including a halving of the
ratios in 2006, due to various factors like lack of funding, access and attacks. Other
humanitarian organizations began phasing out operations, mainly because mortality and
malnutrition rates had returned to below emergency levels, but also because of the
continuing high insecurity. As was the case in 2005 and 2004, large areas that were
previously harvested remained uncultivated due to the prevailing insecurity.

The situation did not improve in 2006. The conflict became increasingly complex with the
fragmentation of the rebel groups and unclear chains of command among both the GoS-
supported Janjaweed and the rebels. Furthermore, banditry was on the rise and attacks on
humanitarian aid workers and convoys increased, hampering humanitarian assistance.
The number of people affected by the crisis remained unchanged.

There were high levels of insecurity and violence throughout 2007. Armed confrontations
between GoS forces and their proxies and the rebel groups, that did not sign the peace
agreement, continued and escalated in the last quarter of 2007, particularly in South
Darfur. Janjaweed attacks on unarmed civilians also continued, as did inter-tribal fighting
and banditry, and humanitarian aid workers were regularly attacked and harassed. By the
end of 2007, the number of people estimated to be affected by the crisis had risen to 4.2
million, of whom 2.4 million were IDPs.

The widespread insecurity and violence continued throughout 2008, although the
increased levels of violence in South Darfur subsided. By the end of 2008 AU had
deployed only 12 369 peacekeeping troops and 2767 police officers, well below the target
of 26 000. The proliferation of arms, fragmentation of armed groups and increasing
number of local and inter-tribal conflicts resulted in an extremely complex patchwork of
dynamics.

Reviewing the general pattern of the Darfur crisis from 2003 to 2008, two periods emerge.
The first period from 2003 to the end of 2005 begins with the armed insurgency followed
by a government counter-offensive using local militias and targeting civilians. The second
period, from 2006 onwards, begins with a partial peace agreement that is partly
undermined by GoS's continuing indirect involvement in the crisis through the Janjaweed,
who also begin pursuing own interests. The rebel groups fragment and form splinter
groups, especially after the one-sided signing of the peace agreement in 2006 by the SLA.
In this second period, banditry and lawlessness continue unabated. The humanitarian aid
organisations were able to establish operations and gain a solid footing during the first
period, and the humanitarian community has until now been able to contain the
humanitarian crisis, in spite of some humanitarian NGO’s have left on their own volition or
ordered by GoS.
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METHODS

This section begins by describing the data and survey results included in the study and
how they were evaluated and cleaned. It goes on to explain how the data were managed,
completed and prepared for the statistical analysis. Lastly, the statistical model and
methods used are described.

Data

The analysis of trends in nutritional status and mortality was based on publicly available
survey results conducted in Darfur by different agencies and organizations. The
NICS/SCN [NICS/SCN] and CE-DAT [CE-DAT] databases were the main sources of data
and were completed with survey data referenced in survey reports. Survey reports that
were not available on the Internet were obtained from the NGOs/agencies that conducted
them.

These surveys were not intended to be representative of the whole population of Darfur.
Furthermore, information is scarce, and some surveys may have been conducted in areas
that were difficult to cover, or done by persons with limited experience in conducting
surveys. Therefore, for the data used in the analyses to be as representative as possible,
we followed the principle that all data contained some valid information and included as
many surveys as possible, penalizing less sound data by reducing its influence on the
analysis (see section below on data management).

Surveys

A total of 169 survey results were identified for the period 1 January 2004 to
31 December 2008 (Figure 3).

One survey conducted in September 2004 covered the whole of Darfur, and the results
could not be disaggregated by state; this survey was discarded. Four other surveys were
discarded for the following reasons: one was not cleared (Geneina town & camps, June
2007, Concern), two did not have a proper/random sampling (Galap camp, June 2005,
MSF-S and Gereida, September 2004, ACF-F), and one (El Ferdous, Abu Matarik,
Assayala in El Deain, South Darfur, October 2004) did not specify the responsible
agency/organization.

Therefore 164 survey results were considered for the analysis. Of these, 135 survey
reports were received, and 29 reports were not available. Assuming proper sampling in the
surveys with unavailable reports, 164 surveys were eligible for analysis (Appendix A).

Information on the prevalence of global acute malnutrition (GAM) and severe acute
malnutrition (SAM) according to the NCHS standard for child growth was available in 154
of the 164 surveys. Information on crude death rate (CDR) and under-5 death rate (USDR)
was available in 143 surveys (Figure 3).

Data cleaning

All point estimates (GAM, SAM, CDR and U5DR) and confidence intervals were re-
calculated according to the formulas in Appendix B. All survey results with a recalculated
point estimate differing by more than 0.1 from the reported estimate were manually
evaluated. The variance of the point estimates were evaluated by comparing the
calculated random-sampling variance (Appendix B) with the reported variance (extracted
from the reported confidence interval), i.e. calculating the design effect (DE). The reported
confidence intervals were manually evaluated if the calculated DE was below 0.5 or above
3. These evaluations implied the following corrections:

e One survey (Nyala town & Dereig and Mossey camps, September 2007, ACF-F)
had an error in the calculation of SAM; corrected.
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e One survey (Geneina town & camps, October 2005, Concern) had errors in the
calculation of GAM and SAM; corrected.

e One survey (Mornei camp, January 2005, Concern) had an error in the calculation
of GAM; corrected.

e One survey (Shaddad & Shanguil Tobaya camps, March 2005, MSF-S) reported
much too small confidence intervals for GAM and SAM,; Cls deleted.

e One survey (Zamzam Camp, September 2006, Relief International) reported
unreliable confidence interval for GAM; Cls deleted.

* One survey (Kass town, June 2007, ACF-F) had a rounding error in U5DR,;
corrected.

* One survey (Seleah, August 2007, ACF-F) reports both 37 and 38 deaths; 38 used,
as this number corresponds to the reported CDR.

e One survey (Otash camp, December 2007, ACF-F) had an error in the calculation
of CDR; corrected.

» Two surveys (Seleia & Kulbus, January 2005, Concern and Otash camp, August
2004, IRC) had an error in the calculation of USDR; corrected.

e One survey (Kutum town & Kassab camp, November 2006, GOAL) had too small
confidence intervals for CDR and U5DR; Cls deleted.

e Three surveys (Gereida camp, January and July 2006, June 2007, ICRC) had not
included oedema in the calculation of GAM and SAM,; corrected and Cls deleted.

All “errors” in the estimates could be corrected or deleted, i.e. treated as not reported.
Supplementary information

General, contextual and/or supplementary information needed for the analysis was
extracted from Internet searches, reports and personal contacts.

General information such as the number of affected persons was found in OCHA-Sudan’s
Darfur Humanitarian Needs Profile (DHNP) reports [DHNP]. These, together with SCN’s
reports [NICS/RNIS], were the main contextual source, supplemented with information
from survey reports and other sources/reports.

For the analyses, survey-specific information was needed on the surveyed population and
the proportion of IDPs if the survey had been done on a mixed population. This information
was primarily taken from the survey reports, if stated, otherwise from secondary but
reliable sources such as OCHA-Sudan’s DHNP reports.

Data management
Point estimates and variances

All point estimates (malnutrition prevalences and death rates) have been recalculated
according to the formulas (Appendix B) as part of the evaluation of the surveys (see
Methods/Data/Data cleaning). Some of the surveys lacked information on one of the
factors in the formula. The missing factor was calculated by reversing the formula, thereby
making it possible to calculate the variance. However, if the number of children from 6 to
59 months of age for the calculation of malnutrition prevalence was missing, then this
number was calculated from both GAM and SAM; the mean of the two was then used. The
same goes for the length of recall in the retrospective mortality, where the mean of the
calculated recall periods from CDR and U5DR was used.
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Figure 3. Surveys 2004 to 2008
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None of the surveys directly stated the variance of the point estimates, but many had 95%
confidence intervals (Appendix A), and the variance could be extracted from these, i.e. a
survey-variance including the sampling design effects (DE). The variance without DE, i.e. if
the sampling had been random in the whole surveyed population, was calculated from the
point estimates (Appendix B), and DE calculated by dividing the survey-variance with the
variance obtained from assuming random sampling in the surveyed population. For
surveys where DE could not be calculated, it was set to 4. The variance to be used in the
statistical analyses was then calculated including these DEs. This implies that surveys
without confidence intervals were penalized with a two-fold higher variance compared to
those surveys that had confidence intervals in the survey reports, the latter having a DE
around 2.

The size of a surveyed population is finite, and this had often been used in the sample-size
calculations for the surveys. Hence, the formulas for variance of both malnutrition
prevalence and risk of dying include the sampling fraction, i.e. the size of the surveyed
population both total and for children below five years of age (Appendix B). For surveys
with missing information on the size of the surveyed population in the survey reports, the
size of the population was first taken from OCHA-Sudan’s DHNP reports [DHNP]. If not
possible, it was calculated by linear interpolation if several surveys had been conducted
over time at the same location. Finally, information still missing on either total or under-5
population was calculated from one another, if one of them was known, by the ratio
between the under-5 and total number of persons included in the survey, or if not possible,
by the rule-of-thumb that the under-5 population comprises 20% of the total population.

All variance estimates were recalculated including DE and the sampling faction. However,
for surveys in which the size of the whole surveyed population was not known or could not
be deducted, the variance estimates were not reduced according to the size of the
sampling fraction of the surveyed population (Appendix B), i.e. (1-N/Npop) Was set to 1.

Finally, for point estimates still missing a variance, we used the fact that the variance
increases with value of the point estimate® (when it is below 50%), and the variance was
set to the above described recalculated variance of the point estimate just larger in value,
within each state and type of population (IDP or resident) and increased by 2 i.e. penalized
by a further two-fold increased variance.

Influence of the size of the surveyed population

The size of surveyed populations varied from total population in a state down to below
10 000 (Figure 4). Surveys with different sizes of surveyed populations should be weighted
accordingly. For example, a survey with a surveyed population of 20 000 should not have
the same influence as a surveyed population of 100 000. A simple solution would be to
weight each survey by the size of the surveyed population relative to the largest surveyed
population among all the surveys. However, this presupposes a constant, or near
constant, total population. The affected population in Darfur varied considerably over
calendar time (Figure 1), i.e. the influence of a surveyed population of, for example, 50 000
should accordingly vary over time. We therefore used an influence index defined as the
size of the surveyed population relative to the size of the affected population at the same
point in calendar time.

Unfortunately, the size of the total affected population was only available for IDPs and
residents separately, and not for mixtures of these corresponding to the proportion of IDPs
and residents in the surveys. Therefore, all surveys on a mixed population (a little over half

% The formulas for variance may in principle be expressed as a function of the point estimate x (se Appendix B) having
the form: f(x) = ¢*x*(1-x). Thisfunction will be increasing from x=0 to 0.5, attaining its maximum at x=0.5 and then
decrease.

12
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of the surveys) were split to an IDP and a resident part according to the percentage of
IDPs in the surveyed population. Most but not all surveys had information on the
percentage of IDPs. For those missing information on the percentage of IDPs, we imputed
this, first by a linear interpolation if surveys had been conducted at the same location, and
if not possible, then by the mean percentage of IDPs among all surveys with a mixed
population in the same state. It was not possible to differentiate the point estimates in IDP
and resident populations. Hence, the point estimates in the two stereotype populations
(IDPs and residents) will be the same mixture-estimates in both stereotype populations for
those coming from a split survey.

For the two stereotype populations (IDPs and residents) the proportion of IDPs and
residents in the surveyed population from which the stereotype population was extracted
might have an impact in the analyses of the two stereotype populations, and should be
included in the statistical model, expressed by percentage of IDPs in the original survey.

Further, information on affected populations (IDPs and residents) was not available on all
time points (months). We interpolated the populations linearly and extrapolated (out of the
time period where numbers were available) using a 6 months moving average (Figure 1).

Recall period for mortality

Death rates or risk of dying were estimated retrospectively based on a recall period, i.e.
the death rate covers a period back in time from the date of the survey. We divided the
recall period into months (time unit used in the statistical analyses) and split the survey in
a series of monthly surveys covering the recall period. The death rate (CDR or USDR) for
each monthly survey had to be the death rate estimated for the whole recall period, as we
did not have any information for differentiating/profiling over the recall period. However,
splitting the survey in a series of monthly surveys will increase the variance of the monthly
death rates in each monthly survey by total number of months covered during recall. Thus,
for mortality, each survey was split in a series of monthly surveys with equal death rates
(the estimated death rate over the whole recall period) and a variance of number-of-
months-in-recall times the variance of the estimated death rate for the whole recall period
(Appendix B). Five of the surveys had information on death rates in different periods of the
total recall. These were used as “independent” surveys with their respective recall and
placing in calendar time.

In summary, covering the period 2004 to 2008 we end up with 243 malnutrition (GAM and
SAM) survey-estimates, and for mortality 608 CDR survey estimates and 575 U5DR
survey estimates (Figure 3); all with a known variance.

Statistical methods

Nutritional status or risk of dying will change over calendar time due to changing
conditions. There will be different trends over time depending on the level of violence,
humanitarian aid and livelihood conditions. Seasonal variations will also affect the pattern
(for example, the hunger gap associated with the yearly harvest-cycle will influence
malnutrition prevalence and presumably also the risk of dying). We had two stereotypes of
populations (IDPs and residents), but for around half of the surveys the surveyed
population had been a mixture of residents and IDPs. Therefore, the proportion of IDPs in
the original survey might affect the pattern, for example because IDPs are more likely to
receive aid, a high proportion of IDPs might have a benign impact. Finally, the prevalence
and risks are not exact, but point estimates with a known variance, which should be
included [Nielsen et al 2005] as should clustering for surveys from the same location.
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Figure 4. Size of survey population in surveys 2004-2008
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Prevalence of malnutrition and death rates are per se positively skewed. Hence, a log-
transformed model was used.

Model of the mean

The model of the mean for Y; = log(X;), where X; might be GAM, SAM, CDR or U5DR at
time point t, will be:

E(Yy) = Bo + trends + proportion of IDPs + seasonal variation

where 3¢ is a constant indicating the level had there not been any changing condition like
trends, proportion of IDPs and seasonal variations.

The humanitarian crisis in Darfur seems to have had two periods (see Background), the
first from 2003 to 2005, and then from 2006 and onwards. Hence, an initial 2003-2005 and
a later 2006-8 trend might be expected:

E(Yy) = Bo + B1 * t + B2 * max(0,t-tp) + proportion of IDPs + seasonal variation

where, t is calendar time and max(0,t-to) is time since t, = January 2006. Then, B1 will be
the trend 2004 through 2005 and B1 + B, will be the trend from 2006 and onward.

For the two types of populations (IDPs and residents), the proportion of IDPs, p_idp, in the
surveyed population will express the linear trend in effect of living in a mixed population:

E(Yy) =Bo + B * t + B2 * max(0,t-tp) + B3 * p_idp + seasonal variation

14
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Seasonal variations which with period w (365 days), amplitude a and displacement &
relative to January 1, take the non-linear form: a(t) = asin((21/w) (t + d)), having minimum
at January 1 + &. Equivalent to the linear form: a(t) = A*sin((21/w) t) + B*cos((211/w) t).
Where a” = A% + B and & = (2m/w)*arctan(B / A).

E(Yy) =Bo + B1 * t + B2 * max(0,t-tp) + B3 * f_idp + A*sin((211/w) t) + B*cos((21/w) t)

Model of the covariance

The known variance of the Xi's was included in the model as a known variance factor u;
with mean 0. Hence, the statistical model becomes:

Yi=Bo+ B1*t+ B2 * max(0,t-tp) + B3 * f_idp + A*sin((211/w) t) + B*cos((21/w) t) + u; + &

The known variance u; of Y; was calculated using the delta method [Cox 2005]: Var(f(X)) =
(f (E(X)))** Var(X). Hence:

Var(log(Xy)) = Var(Yy) = (L/E(X))?* Var(X;) = Var(Xy) / E(Xy)>.

Finally, an autocorrelation/clustering between surveys from the same location, for example
when splitting death risks over recall period, was included in the model.

Inference

The model, being a random-effect meta-regression with known within-survey variance
[Higgins and Thompson 2004], was fitted using the Stata procedure metareg [Harbord
2008]. Estimation was weighted by the influence index described above. The model was
fitted for all of greater Darfur in one overall regression stratified by state and type of
population, thus, making it possible to test the parameters across state and population as
well as test whether a reduction of the model was statistically appropriate (test for
homogeneity) e.g. if the estimates might be joined over states or populations, or all
together.
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RESULTS

Nutritional status and death rates were analysed. First, the results of the analyses of
nutritional status, GAM and SAM, are shown followed by the results of the analyses of
death rates, CDR and U5DR.

Nutritional status

Even though prevalence of malnutrition normally is lower around the turn of the year, 2004
started with GAM above the internally recognized critical value of 15% for a nutritional
emergency in all three states (Figure 5); highest in West Darfur.

Trend per year: 2004-2005

Overall GAM decreased significantly by 16% per year (Table 1. Trend per year = 0.84;
95%CI 0.77-0.92) and severe malnutrition decreased by 28% per year (Table 2: Trend per
year = 0.72; 95%CI 0.59-0.89). Both adjusted for state, type of population, proportion of
IDPs and seasonal variation. The decrease in GAM and SAM was the same for IDPs and
residents and over states (test for homogeneity < 0.1).

Trend per year: 2006-2008

From 2006 and onward the level of malnutrition generally had stabilized (Trend per year
around 1 in table 1 and 2), with GAM fluctuating between 10 and 20% (Figure 5) and SAM
around 1-3% (Figure 6). The exception is West Darfur where the trend for SAM for IDPs
was different from the other states (test for homogeneity = 0.08), and seems to be
increasing by 44% per year (Table 2: Trend per year = 1.44; 95%CIl 0.93-2.24), even
though GAM was not or only very slightly increasing.

Characteristics of population

Generally, there seems to be a positive impact of living in a mixed population of IDPs and
residents, seen by a slightly increasing relative effect (>1) by each 25% increase in
proportion of IDPs in the stereotype IDP-population (more IDPs in the population increase
malnutrition prevalence), and a decreasing relative effect (<1) among residents; equalizing
when joining the two types of populations (= 1). Test for homogeneity between the
populations had for both GAM and SAM p-values of 0.36 or more in all three states.

Season

Not surprisingly, the prevalence of malnutrition, GAM and SAM, showed significant
seasonal fluctuation (Table 1 and 2); being highest around June/July and lowest around
December/January (Figure 5 and 6). Overall, GAM fluctuated with 82% (Relative effect:
1.82; 95%CI 1.68-1.97) and SAM with 145% (Relative effect: 2.45; 95%CI 1.75-3.42). This
means, with a mean GAM of 15% the mean seasonal fluctuation was between 8.85%
(15*(1-0.82/2)) and 21.15% (15*(1+0.82/2)), and for a mean SAM of 1% the mean
seasonal fluctuation was between 0.28% (1*(1-1.45/2)) and 1.73% (1*(1+1.45/2)).

Varying DE used to penalize for missing information on variance (Methods/Data
management) did not change the pattern for either GAM or SAM.
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Table 1. Trends in Global Acute Malnutrition

IDPs Residents Both*
Relative effect Relative effect Relative effect
(95%CI) (95%CI) (95%CI)

North Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.92 (0.78-1.10)
1.02 (0.90-1.16)

0.79 (0.65-0.96)
1.08 (0.93-1.25)

0.87 (0.76-0.99)
1.05 (0.95-1.16)

Characteristic of population:
- 25% increase in proportion of IDPs

1.12 (1.04-1.21)

0.88 (0.80-0.96)

1.00 (0.95-1.06)

Season:
- Fluctuation
- Minimum (month)

1.84 (1.54-2.21)
Jan (Jan-Feb)

1.82 (1.47-2.27)
Jan (Dec-Mar)

1.80 (1.57-2.06)
Jan (Dec-Feb)

South Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.81 (0.64-1.01)
1.01 (0.91-1.12)

0.87 (0.70-1.09)
1.03 (0.93-1.13)

0.85 (0.72-1.01)
1.02 (0.94-1.10)

Characteristic of population:
- 25% increase in proportion of IDPs

1.03 (0.95-1.11)

0.93 (0.85-1.02)

0.99 (0.94-1.05)

Season:
- Fluctuation
- Minimum (month)

1.93 (1.62-2.32)
Dec (Nov-Jan)

1.87 (1.50-2.35)
Jan (Dec-Jan)

1.85 (1.62-2.13)
Jan (Dec-Jan)

West Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.65 (0.47-0.90)
1.10 (0.93-1.30)

0.93 (0.68-1.28)
0.98 (0.83-1.16)

0.78 (0.62-0.98)
1.03 (0.92-1.16)

Characteristic of population:
- 25% increase in proportion of IDPs

0.98 (0.86-1.10)

0.95 (0.86-1.05)

0.96 (0.89-1.03)

Season:
- Fluctuation
- Minimum (month)

1.76 (1.30-2.38)
Dec (Oct-Feb)

1.97 (1.52-2.56)
Dec (Nov-Jan)

1.94 (1.58-2.39)
Dec (Nov-Jan)

Greater Darfur®

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.83 (0.74-0.93)
1.03 (0.96-1.11)

0.86 (0.76-0.96)
1.03 (0.96-1.11)

0.84 (0.77-0.92)
1.03 (0.97-1.08)

Characteristic of population:
- 25% increase in proportion of IDPs

1.05 (1.00-1.10)

0.92 (0.87-0.97)

0.99 (0.95-1.02)

Season:
- Fluctuation
- Minimum (month)

1.80 (1.62-1.99)
Jan (Dec-Jan)

1.86 (1.64-2.11)
Jan (Dec-Jan)

1.82 (1.68-1.97)
Dec (Dec-Jan)

1) Controlled for population 2) Controlled for state
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Table 2. Trend in Severe Acute Malnutrition

IDPs Residents Both*
Relative effect Relative effect Relative effect
(95%CI) (95%CI) (95%CI)

North Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.74 (0.45-1.23)
1.02 (0.70-1.49)

0.69 (0.42-1.15)
1.15 (0.79-1.67)

0.67 (0.48-0.95)
1.12 (0.86-1.46)

Characteristic of population:
- 25% increase in proportion of IDPs

1.17 (0.93-1.47)

0.75 (0.57-0.99)

0.96 (0.85-1.09)

Season:
- Fluctuation
- Minimum (month)

3.24 (1.13-9.26)
Jan (Dec-Feb)

2.10 (0.91-4.84)
Jan (Nov-Mar)

2.98 (1.45-6.12)
Dec (Dec-Jan)

South Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.79 (0.46-1.37)
0.78 (0.57-1.06)

0.94 (0.56-1.59)
0.80 (0.60-1.06)

0.84 (0.58-1.22)
0.80 (0.64-0.98)

Characteristic of population:
- 25% increase in proportion of IDPs

1.13 (0.89-1.43)

1.01 (0.78-1.30)

1.09 (0.94-1.27)

Season:
- Fluctuation
- Minimum (month)

2.14 (1.13-4.06)
Dec (Oct-Jan)

2.06 (0.94-4.53)
Jan (Nov-Feb)

2.00 (1.28-3.12)
Dec (Nov-Jan)

West Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.35 (0.15-0.82)
1.44 (0.93-2.24)

0.63 (0.30-1.34)
1.08 (0.69-1.69)

0.48 (0.27-0.84)
1.24 (0.91-1.69)

Characteristic of population:
- 25% increase in proportion of IDPs

0.88 (0.63-1.23)

1.02 (0.78-1.34)

0.95 (0.80-1.13)

Season:
- Fluctuation
- Minimum (month)

3.10 (0.68-14.2)
Feb (Nov-Apr)

3.13 (1.22-8.02)
Jan (Nov-Mar)

3.12 (1.52-6.44)
Feb (Dec-Mar)

Greater Darfur®

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.73 (0.54-1.00)
0.96 (0.78-1.18)

0.76 (0.57-1.01)
0.98 (0.81-1.19)

0.72 (0.59-0.89)
0.97 (0.84-1.11)

Characteristic of population:
- 25% increase in proportion of IDPs

1.13 (0.98-1.30)

0.93 (0.81-1.06)

1.03 (0.94-1.12)

Season:
- Fluctuation
- Minimum (month)

2.10 (1.44-3.06)
Jan (Dec-Feb)

2.89 (1.61-5.22)
Jan (Dec-Jan)

2.45 (1.75-3.42)
Jan (Dec-Jan)

1) Controlled for population 2) Controlled for state
Note: Faded estimates indicate that the joined estimate is not statistically proper (test for homogeneity< 0.1)
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Figure 5. Trend in Global Acute Malnutrition
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Mortality

Both CDR and U5DR began 2004 well over the critical value for a complex humanitarian
emergency, 1 and 2 deaths per day per 10,000, respectively (Figure 7 and 8) [Depoortere,
Checchi et al. 2004].

Trend per year (CDR): 2004-2005

In 2004 and through 2005 CDR decreased to levels below the critical value (Figure 7). The
decrease was different between the states and populations (Test for homogeneity < 0.1).
For IDPs, the decrease varied from 44% per year in North Darfur (Table 3: Trend per year
= 0.66; 95%CI 0.41-1.06) to 76% per year in West Darfur (Trend per year = 0.24; 95%ClI
0.16-0.36). For residents, the decrease was strongest in South Darfur with 81% per year
(Trend per year = 0.19; 95%CI 0.10-0.37). In both North and West Darfur the decrease
was around 47-48%. Furthermore, the decrease in CDR for IDPs and residents was not
statistically different (Test for homogeneity = 0.1) in North and South Darfur, while in West
Darfur the decrease in CDR was statistically stronger among IDPs compared to residents.

Trend per year (CDR): 2006-2008

From 2006 and onwards CDR continued to evolved differently for IDPs and residents and
in the different states (Test for homogeneity < 0.1). The declining trend continued in North
Darfur for both IDPs and residents, though not as strongly as before 2006. In South Darfur,
CDR has tended to rise since 2006 with 22% per year overall for IDPs and residents
(Table 3: Trend per year = 1.22; 95%CI 0.97-1.55). In West Darfur, CDR had been stable,
below 1 death per day per 10,000 (Figure 7).

Trend per year (USDR): 2004-2005 and 2006-2008

Overall, USDR decreased significantly by 50% yearly (Table 4. Trend per year = 0.50;
95%CI 0.35-0.71) through 2004 and 2005 to a level below the critical value. After the
decline in U5DR in 2004 and through 2005 child death rates have generally been stable,
on average below the critical value of a complex emergency (Table 4 and figure 8).
However, USDR tended to rise among residents in South Darfur.

Characteristics of population

In both North and South Darfur there seems to be a positive (25% increase in IDPs > 1 for
the IDP population and < 1 for residents) and equal (25% increase in IDPs = 1 for both
populations together; test for homogeneity > 0.46 for both CDR and US5DR) impact of living
in a mixed population of IDPs and residents. However, in West Darfur for residents the
pattern was against living in a mixed population for both CDR (Table 3: 25% increase in
proportion of IDPs = 1.23; 95%CI 1.06-1.44) and US5DR (Table 4: 25% increase in
proportion of IDPs = 1.53; 95%CI 1.09-2.14). Among IDPs in West Darfur there seems to
be no effect (CDR) or a slightly negative effect (USDR) of living in a mixed population
(increasing proportion of IDPs in the IDP-population tends to decrease U5DR, meaning
living with fewer residents is better).

Season

Both CDR and U5DR fluctuated with season (Fluctuation > 1 in table 3 and 4). For CDR
the lowest death rates were mainly in the last quarter of the year, though varying
significantly (Table 3), i.e. slightly before the lowest malnutrition prevalence in
December/January. For US5DR the lowest death rates corresponded to the lowest
malnutrition prevalence, though these also were varying. Overall, CDR fluctuated with 63%
(Table 3: Relative effect: 1.63; 95%CI 1.48-1.80) and US5DR with 54%. This means, with a
mean CDR of 0.5 death/day/10000 the mean seasonal fluctuation was between 0.34
(0.5%(1-0.63/2)) and 0.66 (0.5*(1+0.63/2)), and for a mean U5DR of 1 death/day/10000 the
mean seasonal fluctuation was between 0.73 (1*(1-0.53/2)) and 1.27 (1*(1+0.53/2)).
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Both excluding casualties and varying DE used to penalize for missing information on
variance (Methods/Data management) did not change the pattern for either CDR or U5DR.

Table 3. Trend in Crude Death Rate

IDPs Residents Both®
Relative effect Relative effect Relative effect
(95%Cl) (95%ClI) (95%Cl)

North Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.66 (0.41-1.06)
0.75 (0.54-1.05)

0.47 (0.21-1.09)
0.73 (0.45-1.18)

0.56 (0.38-0.82)
0.73 (0.56-0.96)

Characteristic of population:

- 25% increase in proportion of IDPs

1.34 (1.15-1.56)

0.85 (0.62-1.17)

1.20 (1.06-1.35)

Season:
- Fluctuation
- Minimum (month)

1.53 (1.24-1.88)
Oct (Apr-May)

1.63 (1.19-2.24)
Nov (Jul-Mar)

1.58 (1.30-1.93)
Dec (Sep-Feb)

South Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.37 (0.23-0.61)
1.17 (0.84-1.63)

0.19 (0.10-0.37)
1.34 (0.95-1.89)

0.31 (0.21-0.46)
1.22 (0.97-1.55)

Characteristic of population:

- 25% increase in proportion of IDPs

1.21 (0.98-1.50)

0.72 (0.55-0.95)

1.00 (0.87-1.14)

Season:
- Fluctuation
- Minimum (month)

1.82 (1.34-2.47)
Mar (Jan-Jun)

1.69 (1.10-2.60)
Jan (Sep-May)

1.70 (1.33-2.17)
Nov (Sep-Jan)

West Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.24 (0.16-0.36)
1.12 (0.78-1.61)

0.48 (0.25-0.93)
0.88 (0.57-1.36)

0.30 (0.23-0.40)
1.03 (0.78-1.35)

Characteristic of population:

- 25% increase in proportion of IDPs

1.00 (0.71-1.40)

1.23 (1.06-1.44)

1.20 (1.06-1.35)

Season:
- Fluctuation
- Minimum (month)

1.87 (1.52-2.31)
Feb (Dec-Apr)

1.74 (1.23-2.47)
Oct (Jul-Jan)

1.82 (1.52-2.18)
Mar (Jan-Apr)

Greater Darfur®

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.35 (0.28-0.44)
1.04 (0.86-1.26)

0.44 (0.31-0.62)
0.99 (0.79-1.24)

0.35 (0.29-0.42)
1.04 (0.90-1.20)

Characteristic of population:

- 25% increase in proportion of IDPs

1.20 (1.08-1.34)

1.03 (0.92-1.16)

1.12 (1.04-1.21)

Season:
- Fluctuation
- Minimum (month)

1.64 (1.46-1.84)
Mar (Jan-May)

1.66 (1.38-2.00)
Oct (Aug-Jan)

1.63 (1.48-1.80)
Oct (Aug-Feb)

1) Controlled for population 2) Controlled for state
Note: Faded estimates indicate that the joined estimate is not statistically proper (test for homogeneity< 0.1)
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Table 4. Trend in Under-5 Death Rate

IDPs Residents Both*
Relative effect Relative effect Relative effect
(95%CI) (95%CI) (95%CI)

North Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.62 (0.26-1.45)
0.89 (0.41-1.90)

0.84 (0.18-3.88)
0.62 (0.21-1.86)

0.66 (0.32-1.36)
0.73 (0.42-1.29)

Characteristic of population:
- 25% increase in proportion of IDPs

1.24 (0.86-1.80)

1.02 (0.62-1.70)

1.14 (0.94-1.37)

Season:
- Fluctuation
- Minimum (month)

1.47 (1.03-2.10)
Jan (Feb-Dec)

1.61 (0.90-2.87)
Mar (Jun-Dec)

1.49 (1.12-1.99)
Feb (Mar-Jan)

South Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.36 (0.16-0.79)
0.96 (0.55-1.66)

0.25 (0.08-0.77)
1.10 (0.57-2.14)

0.37 (0.20-0.68)
0.95 (0.63-1.41)

Characteristic of population:
- 25% increase in proportion of IDPs

1.12 (0.78-1.60)

0.88 (0.57-1.34)

1.04 (0.84-1.29)

Season:
- Fluctuation
- Minimum (month)

1.78 (1.11-2.84)
Jan (Aug-May)

1.90 (0.91-3.96)
Oct (Jun-Feb)

1.66 (1.13-2.44)
Dec (Sep-Feb)

West Darfur

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.38 (0.18-0.82)
0.92 (0.46-1.83)

0.72 (0.22-2.36)
0.54 (0.20-1.42)

0.49 (0.26-0.92)
0.91 (0.53-1.57)

Characteristic of population:
- 25% increase in proportion of IDPs

0.67 (0.38-1.19)

1.53 (1.09-2.14)

1.12 (0.89-1.40)

Season:
- Fluctuation
- Minimum (month)

1.82 (1.20-2.78)
Dec (Oct-Mar)

1.74 (1.01-3.00)
Oct (Jun-Mar)

1.53 (1.23-1.91)
Jan (Jun-Oct)

Greater Darfur®

Trend per year:
- 2004 - 2005
- 2006 — 2008

0.48 (0.31-0.74)
0.90 (0.62-1.28)

0.54 (0.29-1.00)
0.81 (0.51-1.29)

0.50 (0.35-0.71)
0.87 (0.66-1.15)

Characteristic of population:
- 25% increase in proportion of IDPs

1.06 (0.86-1.32)

1.17 (0.98-1.40)

1.11 (0.97-1.26)

Season:
- Fluctuation
- Minimum (month)

1.64 (1.33-2.03)
Jan (Oct-Apr)

1.50 (1.20-1.88)
Feb (Mar-Jan)

1.54 (1.32-1.80)
Jan (Sep-May)

1) Controlled for population 2) Controlled for state
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Figure 7. Trend in Crude Death Rate
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Figure 8. Trend in Under-5 Death Rate
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DISCUSSION

The discussion has been divided into a methodological part where data and data
management as well as possible biases are discussed, and a contextual discussion of the
results.

Methodology and possible biases

The analysis was based on publicly available survey data, and only surveys with random
sampling were included. For some surveys reports were not available or information was
missing. In these cases, information from other reliable sources was used, when possible,
or missing data were estimated. The use of “secondary” information or estimation of
missing information might be questioned. On the other hand, a too rigid selection of
surveys might discard important contributions to representativeness and reduce the power
of the analyses. All the surveys were therefore included in the analysis, but those with
missing primary data were penalized by reducing their influence (increasing the variance),
i.e. their weight in the analyses. We evaluated the effect of varying the penalization, and it
did not substantially change the estimates or the pattern of our findings.

The surveys on mortality were retrospective, i.e. covered a recall period back in calendar
time. Hence, the death rate from a survey covered a certain period and the risk of dying
was estimated as constant over the recall period and therefore could not reflect possible
fluctuations over the recall period. This may have minimized trend patterns and seasonal
variations in the analysis. However, this will, at least to some extent, be compensated by
death rates from other surveys with (partly) overlapping recall periods.

Using aggregated data like point estimates implied a known estimation variance which
should be and has been taken into account in the statistical analysis.

Contribution to the analysis of surveys performed in different subpopulations must be
weighted according to the size of the population surveyed relative to the size of the total
population of interest (here the affected population). The surveys were conducted on IDP,
resident and mixed IDP/resident populations. Overall information on the affected number
of IDPs and residents as separate groups were available, but number of IDPs and
residents living together was not available. Therefore, we split all surveys on a mixed IDP
and resident population into two, according to the proportion of IDPs among the surveyed,
i.e. treated them as two surveys of IDPs and residents, respectively. However, differences
between IDPs and residents in malnutrition prevalence and death rates could not be
differentiated, i.e. prevalences and death rates in both of the split surveys were mixture-
estimates. Hence, analyses comparing IDPs and residents will be biased towards one
another and show less differences. A little over half of the surveys had been conducted on
a mixed population with varying proportions of IDPs.

Two stereotype populations were analysed: IDPs and residents. These stereotype
populations had been living together with varying proportions of IDPs and residents. In the
statistical model the impact of varying proportion of IDPs was included as a linear trend.
However, this might be an over simplification as the effect of changes when the proportion
of IDPs in the population is low - for example below 25% - might be different from the
change when the proportion of IDPs is high.

Based on contextual knowledge of the development of the crisis in Darfur, two trends were
included in the statistical model: 1 January 2004 to 31 December 2005, and
1 January 2006 onwards. The cut-point of 1 January 2006 might have been (slightly)
different for the different states or types of populations, or there might have been more
trends. However, the two periods used seem to fit data well, and including further
differentiation in trends would have reduced the power of the statistical analyses.
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An important issue when using available surveys is how representative these are of the
whole population. Surveys will probably not be randomly distributed over the entire area
and period, which might create a non-differential bias, especially if the surveys tend to be
conducted where malnutrition prevalence or death rates are expected to be for example
high. However, the mixture of surveys included in the analysis were conducted to assess
the initial status of a population and to follow the situation, and not one-sided towards a
better or worse situation of the population. Hence, the bias has remained constant over
calendar time and, in that sense, the results (trend over time) are relatively unaffected by
this bias. Further, only four surveys in each state were conducted among the entire
affected population of the state. All other surveys were conducted by NGOs among
populations in localized areas where the NGOs had access and worked. Therefore, the
results will be biased towards areas with access and a security situation making it possible
for the NGOs to operate. The prevalence of malnutrition and death rates would be
expected to be lower in NGO surveys compared to the broader surveys. There is no
indication of this in the present survey results, but this may be due to the limited number of
broader surveys.

Contextual discussion of results

The current crisis in Darfur began with an insurrection in 2003 and a forceful counter-
offensive by GoS. The humanitarian crisis that followed was exacerbated by GoS's
decision to deny outside access to the population. Matters improved at the beginning of
2004 when the international community started to intervene. Fighting between GoS and
rebel groups continued throughout 2004 and 2005, as did attacks on civilians. At the same
time, humanitarian aid gained momentum, with the result that by the end of 2005 the
humanitarian crisis had been contained, with an overall yearly decrease of 16% in
prevalence of GAM and 28% in prevalence of SAM, and the risk of dying had decreased to
below the emergency threshold.

In 2006, security became increasingly complex as new rebel groups with various motives
entered the fray and power struggles over scarce resources continued. At the same time,
WEFP halved its food rations due to lack of funding. During these upheavals the prevalence
of malnutrition remained stable in North and South Darfur. In West Darfur, where GAM
remained mostly stable, SAM seemed to rise for IDPs, but not for residents (Figures 5 and
6). Thus, the general level of malnutrition was stable, but when a child became
malnourished her/his chance of recovery declined. Although this pattern is difficult to
interpret, it coincides with the closing of some supplementary feeding centres [DNU Issue
19]. However, there seems to have been an increase in admissions to therapeutic feeding
centres during the same period [DNU Issue 9 and 19]. The increase in SAM might also be
seen as an indication of the West Darfur population's reduced ability to cope, especially for
IDPs.

After 2005, both CDR and U5DR continued to decrease slightly in North Darfur and
remained stable in West Darfur, even though the nutritional status of the West Darfur
population deteriorated slightly. However, death is the ultimate endpoint of vulnerable
conditions and perhaps a threatening breakdown of the population’s ability to cope had not
yet translated into increasing mortality rates.

Surprisingly, CDR tends to be on the rise in South Darfur since 2006, while USDR has
remained stable. The increase in CDR might be explained by the greater violence and
armed confrontations in South Darfur from the end of 2007 and through 2008. One would
expect this to have been reflected in percentages of death due to violence. However, no
indication of an increase in deaths due to casualties seems to occur either in South Darfur
or in the other states (Figure 9). The estimated increase in death rates in South Darfur
cannot be attributed to either a deteriorating nutritional status or an increase in casualties.
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Generally, a greater proportion of IDPs in the population improved the humanitarian
situation for both IDPs and residents, probably because IDPs were more likely to be
targeted for aid. However, for residents in West Darfur, living with IDPs increased the risk
of dying, while the prevalence of malnutrition was unaffected. We do not have a clear
explanation for this. Factors that might have played a role include: the increase in SAM in
West Darfur; the increasing violence in South Darfur causing people to flee to West Darfur;
and the missing possibility of differentiating estimates in an IDP and a resident part, when
splitting surveys of mixed populations into IDPs and residents might have created an
unintended/wrong effect of proportion of IDPs in the statistical model.

In conclusion, the humanitarian crisis in Darfur was contained through 2004 and 2005.
However, even though the humanitarian situation has improved, violence, armed assaults
and banditry remain widespread, and no political solution has been reached. As of the end
of 2008, the humanitarian situation remained serious and there were emerging signs of a
breakdown of the population’s ability to cope, especially in West Darfur.
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Figure 9. Casualties, percentage of death
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RECOMMENDATIONS

There are no signs of an improvement in overall security or a decrease in the violence in
Darfur. The growing complexity of the security situation, with greater fragmentation,
additional rival factions, unclear motives and direct banditry, increases the complexity of
the political situation. Aid workers continue to be harassed and attacked, increasingly
hampering humanitarian operations. However, in spite of these difficulties, finding a
political solution should be high on the agenda.

Humanitarian aid has been able to contain the humanitarian crisis so far, but malnutrition
and mortality levels are still high and there are signs of that the situation may be
deteriorating, especially in West Darfur. Humanitarian aid operations might have to be
intensified to prevent a collapse and a new complex emergency. Given the risk of a
breakdown - exacerbated by the recent eviction of 16 NGOs - it is important to monitor the
situation closely and be prepared to intervene.

The present study analyses general trends in nutrition and mortality. However, more might
be learned about the humanitarian situation in Darfur through in-depth analyses of specific
issues such as the effect of nutritional status on mortality, as well as the effects of measles
coverage, crowding, morbidity, feeding centres, food security, access to population etc.
These further analyses might help monitor the humanitarian situation and identify issues to
be targeted.

The present study was only possible because the author had access to surveys conducted
in Darfur by different organizations and agencies. These surveys were carried out for
various purposes (obtaining information on the humanitarian situation at the location of
interest; evaluating ongoing humanitarian assistance; suggesting new or improved
operations). They have also allowed for this general evaluation of the humanitarian
situation in Darfur. To have comparable surveys, it is important that survey reports contain
detailed information on basic numbers used to estimate malnutrition prevalence and death
rates (number of deaths, number surveyed, recall period, size of survey population, etc.).
Further, the variance of the estimates - normally stated as confidence intervals - is very
important information. Confidence intervals should always be calculated taking into
account design effect, and included in the survey report.
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APPENDIX A — List of surveys

North Darfur

L L e e I i R +
| date | region | survey_area | popula~n | gam| ganm®5l | gamB5u | sam | sam®5l | samB5u | cdr | cdr95l | cdr95u | u5dr | u5dr95l | u5dr95u | recall | agency |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| mar2004 | Kut um | Kutumtown & Kassab canp | IDP/Res | 12.6 | 10.15 | 14.95 | 8 | 17 | 1.35 | | | | 2| 1.4 | 2.7 | 90 | SC- WK |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| may2004 | Mellit | El Mal ha pastoral area | Res | 33.4 | 28.9 | 37.8 | 5.4 | 3.4 | 7.5 | ] ] ] 1] .43 | 1.56 | 90 | SC WK |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| jun2004 | El Fasher | Abu Shok canmp, El Fasher | I1DP | 39 | 34.5 | 43.6 | 9.6 | 7.2 | 12.8 | 2.2 | ] .| 6.8] ] ] 30 | ACF-F |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| aug2004 | Al | IDPs in canps | 1 DP | | | | | | | 1.5 1.1 ] 1.9 2.5 1.6 | 3.9 | 62 | WHQ' Epi et |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| aug2004 | Kebkabiya | Kebkabiya town | |DP/Res | 17.5 | 14. 4 | 21 | 1] .5 | 1.8 1.2 | 7| 1.8 2.9 1.5 | 5.3 | 36 | MSF/ Epicentre |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| oct2004 | Kutum | Kutumtown & Kassab + Fata Borno canps | IDP/Res | 23.9 | 21.3 | 26.8 | 1.7 | 1] 2.8 | 1] | | 7| | | 90 | GOAL |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| oct2004 | Kebkabiya | Serif Uma | IDP/Res | 14.7 | 13 | 16.3 | 2.7 | 1.6 | 3.8 | 8 | 4 | 1.3 | 1.8 1] 3| 59 | MSF/ Epicentre |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| nov2004 | El Fasher | Abu Shok canmp, El Fasher | I1DP | 27 | 23 | 31.3 | 2.4 | 1.3 | 4.4 | 1.5 | ] 2.7 ] ] 31 | ACF-F |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| mar2005 | El Fasher | Shaddad & Shangui| Tobaya canps | IDP | 19.9 | | . ] 1.5 | . ] 8.2 6.5 | 9.8 7.1 4.2 | 10 | 67 | MBF- S |

| dec2005 | El Fasher | Shaddad & Shangui| Tobaya canps | IDP | 11.3 | 8.8 | 13.8 | .7 0
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma
| dec2005 | El Fasher | Korma area | |IDP/Res | 13.6 | 10.3 | 16.8 | 7| 1
| --------- L R [ B Foem e Foem e B Foem o
| jan2006 | El Fasher | Mellit town and canps | |DP/Res | 18 | 14.7 | 21.9 | 1.7 | 7
| --------- L R [ B Foem e Foem e B Foem o
| feb2006 | El Fasher | El Fasher | |IDP/Res | 11.9 | 9.9 | 14.1 | 4 | 1
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma
| mar2006 | El Fasher | Kaf ood | IDP | 13.9 | 10.8 | 17 | 2.1 | 8
| --------- L R [ B Foem e Foem e B Foem o
| may2006 | Kebkabiya | Serif Uma | |IDP/Res | 10.3 | 7.5 | 13| 1.7 | 9
| --------- L R [ B Foem e Foem e B Foem o
| may2006 | Kebkabiya | Kebkabiya town | |DP/Res | 21.7 | 18.1 | 25.8 | 2.1 | 1
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|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| jun2006 | El Fasher | Abu Shok and Al Sal aam canps | IDP | 22.8 | 19.1 | 27| 2.2 | 1.1 | 4.1 | 5| | | 1.1 | | 90 | ACF-F |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| jul2006 | El Fasher | Dar as Sal aam Rural Council, El Fasher | Res | 27 | 23.1 | 31.3 | 2.8 1.6 | 4.9 .5 | . 1.6 S S 91 | ACF-F |
| --------- L R [ B Foem e Foem e B Foem o Foem e e Foem e Foem e B [, [, Foem e L |
| sep2006 | El Fasher | Zanzam Canp, El Fasher | IDP | 15.1 | | ] 2.9 | | | | | | S S ] WRI |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| sep2006 | Al | Enmergency affected popul ations | |DP/Res | 16 | 12.3 | 19.8 | 2.5 | 1.3 | 3.7 | 2| 07 | 22 | 4 | 13 | 74 | 246 | WFP/j oi nt |
|=--mmmm-- R R R R LR R R R R R R SRR R R R R R R B T |
| oct2006 | Kebkabiya | Kebkabiya town | |DP/Res | 25.4 | 21.6 | 29.7 | 1.8 | 8 | 3.6 | 7| | | 1.2 | | 81 | ACF-F |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| nov2006 | Kut um | Kutumtown & Kassab canp | IDP/Res | 19.4 | 17.1 | 22 | 2.2 | 1.4 | 3.3 | 3| | | 7| | | 90 | GOAL |
|=--mmmm-- R R R R LR R R R R R R SRR R R R R R R B T |
| nov2006 | El Fasher | Abu Shok and Al Sal aam canps | IDP | 22.6 | 18.9 | 26.7 | 2.7 | 1.5 | 4.8 | 7| | | 1.8 | | 90 | ACF-F |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| jun2007 | El Fasher | Zanzam Canp, El Fasher | IDP | 18.4 | 15 | 22.3| 1.6 | 7| 3.3 | | | | | | | | WRI |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| jun2007 | El Fasher | Abu Shok and Al Sal aam canps | IDP | 30.4 | 26.3 | 34.9 | 2.8 | 1.6 | 4.9 | 6 | | | 1.1 | | 85 | ACF-F |
|=--mmmm-- R R R R LR R R R R R R SRR R R R R R R B T |
| jun2007 | Kebkabiya | Kebkabiya town | |DP/Res | 27 | 23 | 31.3 | 1.9 | 9 | 3.7 | 5| | | 1.3 | | 99 | ACF-F |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| aug2007 | El Fasher | Zanzam Canp, El Fasher | IDP | 20.4 | 16.8 | 24.5| 1.2 | 4 | 2.8 | 6 | | | 1.8 | | 91 | WRI |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| sep2007 | Al | Emergency affected populations | |DP/Res | 20.5 | 16.7 | 24.3 | 2| 9 | 3| 2| 13 | 31 | 6 | 24 | 98 | 248 | WFP/j oi nt |
|=--mmmm-- R R R R LR R R R R R R SRR R R R R R R B T |
| nov2007 | El Fasher | Abu Shok and Al Sal aam canps | IDP | 14.3 | 11.3 | 17.9 | 6 | 1] 2| 4 | | | 6 | | | 85 | ACF-F |
|-----e--- L R LR Hommo - R R +ooo - R R R +o-o - R R R R L R R R L T |
| nov2007 | Kebkabiya | Kaguro, Borey & surrounding villages | IDP/Res | 17.4 | 13.9 | 21.5| 1.5 .6 | 3.4 .4 | . 1.1 S S 108 | ACF-F |
|=--mmmm-- L L R R L Hommmm - Fommmm e Fommmm e Hemm - Fommmma Fomm e Hemm - Fommmm e Fomm e Hommmm - LR R Fommmme s T |
| dec2007 | Kutum | Kutumtown & Kassab + Fata Borno canps | |DP/Res | 16.4 | 14 | 18.9 | 9 | 2| 1.6 | 3| 13 | 43 | 1.1 | 16 | 2.42 | 90 | GOAL |
|=--mmmm-- R R R R LR R R R R R R SRR R R R R R R B T |
| feb2008 | El Fasher | Shaddad & Shanguil Tobaya canps | 1 DP | 9 | | | 0| | | | | | | S S ] ACF-F |

| nov2008 | El Fasher | Shangui | Tobaya | Res | 17 | 14.6 | 19.8 | 2.1 | 1.3 | 3.4 | ] ] | ] ] ] ] MOH UNI CEF |

| nov2008 | Mellit | El Mal ha pastoral area | Res | 16.7 | 14.1 | 19.6 | 2.6 | 1.6 | 4.1 | | | | | S ] S MOH UNI CEF |
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South Darfur

Nyal a town & Dereig, Mssey and Ctash canps
Nyal a town & Dereig, Mssey and Ctash canps
Dereig, Mdssey and Otash canps
Derei g, Mdssey and Ctash canps

u5dr95 | ub5dr95u | recall | agency |
--------- R e |
7.4 | 18.1 | 62 | WHO' Epi et |
--------- R e e |
| | 122 | IRC |
--------- R R |
| | 60 | ACF-F |
--------- R e e |
3.8 | 8 | 121 | MBF/ Epi centre |
--------- R e e |
.03 | 1.9 | 30 | MSF/ Epi centre |
--------- R R S R |
1.5 57| 30 | MBF/ Epi centre |
--------- R e e |
75 | 4.5 | 30 | MSF-H |
--------- R R |
| | 31 | ACF-F |
--------- R R |
| | 90 | ACF-F |
--------- R e e |
| | | Tearfund |
--------- R R R |
1.6 | 3.9 | 204 | WHO MOH |
--------- R R EEEE SRR |
| - | ACF-F |
--------- R e |
| | 90 | ACF-F |
--------- R R S |
| | 90 | ACF-F |
--------- B e |
| | 242 | WFP/j oint |
--------- B e |
| | 102 | VMBF/ Epi centre |
--------- R TR SR PP |
| | 90 | ACF-F |
--------- R e |
| | 122 | Tearfund |
--------- R TR SRR |
| | 90 | Tearfund |
--------- R LR EE SRR |
| | 82 | I CRC |
--------- +---------+--------+-----------------|
| | 92 | ACF-F |
--------- R LR SRR |
| - | ARC |
--------- R LR SRR |
| | 90 | ACF-F |
--------- R e |
| S | Tear fund |
--------- R R LEEEE SRRy |
| | 89 | I CRC |
--------- +---------+--------+-----------------|
.39 | 1.55 | 246 | WFP/j oint |
--------- +---------+--------+-----------------|
| | 94 | ACF-F |
--------- R R SRR PR |
| | 112 | ACF-F |
--------- +---------+--------+-----------------|
| | 97 | ACF-F |
--------- +---------+--------+-----------------|
| | | Tearfund |
--------- R LR SRR |
| | 90 | I CRC |
--------- +---------+--------+-----------------|
| S | NCA/ACT/Caritas |
--------- R LR EE SRR |
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| apr2007 | Nyala & Tulus | Nyal a- Tul us locality
Carzoor | Thaia T e e eam
2007 | haia | iela town & bereig and ossey camms
Uimyzoor | aia T Qash canp, Nyala
Uimyzoor | haia T A sal am camp
Uiwzoor |8 e Canps, Ed Daein
Uiunzoor | Tawamy T Gerei da canp
Uiwmzoor | s T T e e
I jun2007 | El Daein | Canps, Ed Daein
Uawgzoor | Thaia T e e eam
Uawgzoor | Taa T Sel eah
|=--mmm-- T L
| sep2007 | Al | Enmergency affected popul ations
senzoor | Tiaia 1 ivaia tows & Dererg and Mbssey campe
Uhovzoor | R e Canps, Ed Deein
hovzoor | aia T A sal am camp
I dec2007 | Nyal a | O ash canp, Nyal a
Uiezoos | mwamy T Gereida canp
Urmrzoos | waia T v
Uimyzoos | waiag T A Sal am canp
Uiwzoos | ks 1 T T e e
Uiwzoos | waia T Qash canp, Nyala
unzoos | waia & taus 1T Gl a T ue oeaiity
Uiwzoos | E e T Canps, Ed Daein
U unzoos | B AL Fursan | e
Uiuzoos | Tawamy T Gereida canp
sep200 | hala | ela town & Dereig and ossey camps
Usepzoos | waia T e eam
Uhovzoos | waia T Sel eah
|--------- T L
| dec2008 | Balil | Yassin
| --------- L T, T
| dec2008 | El Daein | Canps, Ed Daein
Udeczoon | waiag T Al sal am canp.
deczoos | waia T Qash canp, Nyala

| DP/ Res |

1] | |
------ N
| - |
------ R T e
2.4 | | | 104
------ B T T
2.4 | | | 92
------ N
1.6 | | | 100
------ R T LT
1.3 | |
------ B T T
1.4 | | |
------ e
4.3 | | | 86

1.1 | | |
------ o e e e
1.7 | | | 126
------ o
1.4 | | | 107
------ B T ey S
7 .29 | 1.18 | 248
------ o e e e e e
9| | | 139
------ S
1.3 | | | 90
------ B ey S
1.9 | | | 108

.6 | | | 113
------ B T
L7 | |
------ ey
1.2 | | | 82
------ o
1.3 | | | 118
------ B T
2.2 | | | 110
------ o e e e e
1.3 | | | 96
------ S
| - |
------ BT ey S
.8 | L2 1.32
------ o e e e
| - |
------ S
1.3 | | | 90
------ e
1] | | 95
------ o e e e
2| | | 102
------ B T
| - |
------ B T
| - |
------ S
L7 .08 | 1.24
------ B Ty
1.4 | | | 111
------ e e e
1.1 | | | 114
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West Darfur

U dae 1T hegien survey_area | popula-n | gam| gan9sl | gam95u | sam| samdSl | samdsu | cdr | cdr95l | cdr95u | uSdr | usdr9sl | usdroSu | recall | agency
| aprooos | wed saienamia | Vde Sal en & Mikjar provinces | IDPIRes | 205 | 1851 2381 321 19
| myeoos | zalinge | Zaiingei camps | 10P | 2341 1041 281 45| 28]
Urmvzoos | T e 1 e cam | o | 2061 1ra | 2a2l a1l a1l
UTmzoos | B e 1T T e | il zs8 | 220 el ss| a1l
| Tumzoos | Jebel wrran |GGG town | IoPiRes | 265 | 23] 01521 a3

| mar2005 | Jebel Marrah Golo, G ldu & Rokero IDP/Res | 16.2 12. 6 20.4 | 1.5 | .7
| --------- T B e g B Foemmma o
| apr2005 | Habi | a Fur Baranga IDP/Res | 8.5 | .4

|--------- B ek SR Rk ST Hemm - Fommmm
| jun2005 | Al Resi dent s Res | | |

|--------- B ek SR Rk ST Hemm - Fommmm
| jun2005 | El Genei na El Genei na IDP | 16.9 14.5 19.6 | 1.5 | .8
| --------- T B e e B Fomm o
| jun2005 | All I DPs in canps | DP | | |

|----m---- B ek S Rk S Hemm - Fommmme e
| jun2005 | Al IDPs in host popul ation I1DP | | |

|----m---- B ek S Rk S Hemm - Fommmme e
| jun2005 | Kul bus Si rba |DP/Res | 16.3 13.9 18.7 | 1.8 | .8
| --------- T B e g B Foem o
| jul 2005 | Zal i nge Zal i ngei canps IDP | 14.5 12.3 16.6 | 1.9 | 1.1
|--------- B I e Rk SR R Lk ST Hemm - Fommmm e a
| jul2005 | Kul bus Sel ei a & Kul bus IDP/Res | 16.2 13.3 19.6 | 1.9 | 1
| --------- T B e g B Fomm e o
| aug2005 | Habi | a Fur Baranga IDP/Res | 6.8 | .8

| --------- T B e g B Fomm e o
| aug2005 | Zal i nge Zal i ngei town Res | 18.1 15.8 20.5 | 2.1 | 1.2
|=-------- B e Lk SR R Lk ST Hemm - Fommmm e a
| sep2005 | Al Enmergency affected popul ations IDP/Res | 6.2 4.3 8.1 .7 0
| --------- e B e g B Fomm e o
| sep2005 | El Geneina | Azirni, Sanidadi and Um Tajouk localities |DP/Res | 18.6 16.1 21.3 | 5.6 | 4.3
| --------- e B e g B Fomm e o
| oct2005 | El Geneina Genei na town & canps IDP/Res | 12.3 | .5

|--------- B S e R R Rk SR Hemm - Fommmme s
| oct2005 | Jebel Marrah Colo, Gldu & Rokero IDP/Res | 13.5 11. 4 15.9 | .4 | .1
| --------- e B e g B Fommmma o
| feb2006 | El Genei na Mor ni e canp IDP| 6.4 5 8.2 .6 .2
|--------- B e R R Rk S Hemm - Fommmme
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| may2006 | El Geneina | Geneina town & canps | IDP/Res | 12.3 | 10.3 | 14.6 | 1.6 | .9 | 2.6 .7 S | .6 | ] S S Concern
|----me--- g g [ B Foem e Foem e S Foem e Foemmma o B Foem e Foem e B Fomm ek [, Fommmea o Fommmemmaooaooaoos
| may2006 | Habila | Beida locality | IDP/Res | 17.2 | 13.9 | 21| 3.4 | 2| 5.5 | 5| | | 7| | | | Tear f und
|=--mmmm-- R L T B R L Hommmm - Fommmme e Fommmma Hemm - Fommmme e Fommmm e Hemm - Fommmma s Fommmma Hommmm - LR LR Fommmm L LR
| sep2006 | El Geneina | Azirni, Sanidadi and Um Tajouk localities | IDP/Res | 9.2 | 7.3 | 11.1 | 9 | 2| 1.6 | 2| | | 5| | | | WRI
|=--mmmm-- R L T B R L Hommmm - Fommmme e Fommmma Hemm - Fommmme e Fommmm e Hemm - Fommmma s Fommmma Hommmm - LR LR Fommmm L LR
| sep2006 | Al | Energency affected populations | IDP/Res | 10.3 | 8 | 12.6 | 1.3 | 5| 2.1 | 5| 3| 65 | 9 | 43 | 1.48 | 246 | WFP/ j oi nt
|-----e--- e U [ S —— B Foem e Foemmma o B Foem e Foem e B Foem e o Foemmma o B [, [ S, Foem e Fommmemmaooaoiaaos
| nov2006 | Zal i nge | Unshalaya | IDP/Res | 13.1 | 11.3 | 15.2 | 6 | 2| 1.3 | 9 | 46 | 1.32 | 2.1 91 | 3.27 | 98 | Concern
| --------- R R L ] +e-ema L L +e---- L L +e---- L L +eeeme L L +eeemeea L
| dec2006 | Habi | a | Beida locality | |IDP/Res | 11.4 | 8.4 | 14.8 | 1.3 | 5| 2.9 | 4 | 062 | 8 | 4 | 095 | 99 | | Tear fund
| --------- R R L ] +e-ema L L +e---- L L +e---- L L +eeeme L L +eeemeea L
| feb2007 | Habil a | Fur Baranga | IDP/Res | 7.9 | 6.2 | 9.9 .6 | 2| 1.4 1.2 | 57 | 1.85| 1.5 | 43 | 2.51 | | SC-US
| --------- R i R i I I R +---- - R e +--- - - e R +--- - - R R +---- - R R R R
| jun2007 | Habi | a | Beida locality | IDP/Res | 19.5 | 16.5 | 23| 3.7 | 2.4 | 5.6 | 5| 25 | 66 | 8 | 17 | 1.35 | | Tear fund

| sep2007 | El Geneina | Azirni, Sanidadi and Um Tajouk localities | |IDP/Res | 15.7 | 12.9 | 17.7 | 3.6 | 2.4 | 4.8 | 3| | | 5| | | | WRI
|-----e--- Fmemmemaaoaoooooioaos U o [ B Foem e Foemmma o B Foemmma o Foemmma o B Foemmma o Fomm e B [ Fomm e s Foem e Fommmemmaooooooaos
| sep2007 | Al | Energency affected populations | IDP/Res | 12.2 | 9.7 | 14.7 | 2.3 | 1.3 ] 3.2 | 4 | 21 | 54 | 9 | 66 | 1.12 | 248 | WFP/ j oi nt
|-----e--- Fmemmemaaoaoooooioaos U o [ B Foem e Foemmma o B Foemmma o Foemmma o B Foemmma o Fomm e B [ Fomm e s Foem e Fommmemmaooooooaos
| nov2007 | Zal i nge | Umshalaya | |DP/Res | 11.6 | 8.8 | 15 | 6 | 1] 2| 4 | | | 9 | | | 91 | Concern
|=---mm--- R L TR B L Fomm e Hommmm - Fommmmea s Fommmme e Hemm - Fommmme e Fommmme Hemm - Fomm e Fommmme e Hommmm - R R Fommmm e L L R
| mar2008 | Habi |l a | Beida locality | |DP/Res | 9 | 6.6 | 12.1 | 1.4 | 5| 3| 5| 1897 | 8034 | 4 | 049 | 8196 | | Tear fund
|--------- Feemmemmaaaoooooooooon L [ S —— B Foem e Foem e B Foemmma o Foemmma o B Foemmma o Foemmma o B Fomm e s [ Foemmma o .
| jun2008 | Mukj ar | Um Dukhun | IDP/Res | 8.6 | 6.2 | 11 | 1] 3| 1.6 | 3| 07 | 47 | 6 | | | 90 | IMC |
|--------- Feemmemmaaaoooooooooon L [ S —— B Foem e Foem e B Foemmma o Foemmma o B Foemmma o Foemmma o B Fomm e s [ Foemmma o .
| jul2008 | El Geneina | Mornie canp | IDP | 14.9 | 11.8 | 18.6 | 1.1 | 4 | 2.7 | 3| | | 7| | | 91 | Concern
|--------- R L TR B Fomm e Fommmm - Fommmme e Fommmm e Hemm - Fommmme Fommmmea Hemm - Fommmm e Fommmme e Hommmm - LR LR Fommmmea s LR
| aug2008 | El Geneina | Geneina town & canps | |DP/Res | 12 | 9.3 | 15.5 | 1.1 | 4 | 2.6 | 5| | | 7| | | 90 | Concern

=}
o
<
N
o
<]
@
=3
»
w
o)
o
Y
o
o
L
=
<

IDP/Res | 10.5 | 8] 13.8| 1.6 | 7 3.3 .5 14 | 84| .3 .27 | 1.06 | 90 | Tear f und
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APPENDIX B — Formulas

Point estimates of both malnutrition prevalences and risks of dying have been calculated
as risk rates i.e. number of events divided by number at risk. The confidence intervals of
the point estimates in nearly all of the survey reports have been estimated assuming
normal distribution of the point estimate based on a binomial estimation of the variance, as
shown below, i.e. 95% confidence intervals = point estimate + 1.96 * \/Vsamme

Malnutrition prevalence (%)

prevalence =100 *n /N

Vsample(prevalence) = DE * (prevalence * (100 — prevalence) / N) * (1- N/Npop)
Vrandom(prevalence) = (prevalence * (100 — prevalence) / N) * (1- N/Npop)

where Vy is variance, n is number of children fulfilling the criteria for GAM or SAM, N is the
number of children surveyed/measured, DE is the Design Effect and Ny, is the size of the
total (sub)population surveyed.

Death rate (death per day per 10,000)
death rate (dr) = 10000 * d / (“mid-recall population” * recall)
= 10000 * d / ((N-d/2) * recall)
Vsample(dr) = DE * ((dr * (10000 — dr) / (N-d/2) * recall)) ) * (1- (N-d/2)/Npop)
Viandom(dr) = ( (dr * (10000 — dr) / (N-d/2) * recall)) ) * (1- (N-d/2)/Npop)

where Vy is variance, recall is the recall period (in days), d is number of death during the
recall period either total or under-5, N is the size of the surveyed/measured population at
date of the survey. DE is the Design Effect and Ny is the size of the total (sub)population
surveyed.

The mid-recall-period population was in the formula only adjusted for death during recall.
However, if information on birth (b), arrivals (a) and/or leavings (I) during recall is known,
then this should be included in the formula:

N-d/2 should be: N - (d+b+a+l)/2
presupposing half-recall for all changes in the survey population.

Note: Vsample / Viandom = DE, and Viandom Can be calculated without knowledge of the
sampling design. Hence, DE might be determined, if Vsampie IS known. If Vsampe iS not
known then DE might be set to for example 4 to penalise for the missing sample-variance
or unknown DE.

Splitting over the recall period

A death rate dr estimates over m months, covers these m months, and must be
considered constant over these m months, unless information for profiling over the recall
period is available.

* In acluster design DE is normally expected to be around 2

1
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When splitting a death rate in the m months corresponding to the recall period and
containing the death rate constant (the death rate for the whole recall period = dr) implies
increased variance for each for the equal monthly death rates (dr).

Vuhole recal(dr) = DE * ( (dr * (10000 — dr) / ((N-d/2) * recall)) ) * (1- (N-d/2)/Npop)
Vihole recan(dr) = DE * ( (dr * (10000 — dr) / ((N-d/2) * m*mdays)) ) * (1- (N-d/2)/Npop)

where mday is number of days in a months; recall = m*mdays. The variance for one month
will be:

V1 montn(dr) = DE * ( (dr * (10000 — dr) / (N-d/2) * mdays)) ) * (1- (N-0/2)/Npop)
which divided by Vinole recar(dr) will be:

V1 month(dr) ! Vwhole recall(dr) =m
Hence: V1 month(dr) = m * Viynote recan(dr), when the recall period cover m months.



