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INTRODUCTION




Little attention hag been given to the study of climate variability in the
Owa_mbo—Otavi area, This project seeks to improve the understanding of

The study area where much of the grain and agricultural produce of
Namibia is derived is centred on 19°S, 17°E. A number of rainfall stations are
used to formulate ap index of late summer rainfall. Aspects of the temporal
variability are studieq and the evolution of flood and drought scenarios is

analysed,

DATA AND METHODS

Correlations were then performed.



computer every 5° of latitude/longitude over the Atlantic/A frica/Indjan Ocean
region in the period 1968-1988. ‘ '

Washington, USA.
In addition, daily weather maps from ECMWE Reading, England provide

information gt various atmospheric levelg every 2.5° latitude/longitude in the
period Decempber to March 1986-1994. The range of parameters is considerable
and includes Pressure, wind, temperature, moisture and derivative products.
These are usually grouped into wet and dry phases within past summers, to



RESULTS
1993/1994 forecast verification :

Before discussing progress, it is useful to assess the performance of the

 summer rainfall forecast issued in October 1993. It should be noted that the

 forecast applies to the whole of southern Africa; no distinction is made for
various regions. A downward trend was anticipated with overall amounts near
normal. Early planting of crops was recommended.

Figure 3 compares the forecasted and actual rainfall in the Otavi valley
area. The forecast went well in all months except January, where rainfall values
were considerably higher than forecast. This lead to an accumulated monthly
error of 76% and a mean seasonal error of +15 %. The anticipated drying out in
the late summer materialised as expected, and March rainfall was particulcarly
pocr. '

In retrospect, the 1993 forecast error is unacceptable for agricultural
management purposes. This fact spurned further research efforts and a post-
mortem suggested that a new forecast index could be utilised.

Previously identified predictors

In previous work with Namibian rainfall three key forecast indicators
were identified. These involved OLR (cloud depth) and surface cyclonic wind
flows "downstream" in the South Indian Ocean, sea surface temperatures (SST)
in the South Atlantic and upper level winds over the equatorial Atlantic. The
respective correlation maps are shown in figure 4. Some work was done on SST
to show that a large portion of variability in the South Atlantic is contributed by
inputs from the Benguela Current. However this predictor does not appear to
offer reliable guidance sufficiently far enough in advance. OLR (cloud depth)
was re-examined, but subsequent work could not confirm the usefulness of
signals in the South Indian Ocean,

The Atlantic wind index .
Attention was turned to the Atlantic winds and promising results soon
began to emerge. The equatorial Atlantic upper wind anomaly is extracted from
global weather products in the area 5 °N-10°S, 35°W-5°W. This zone is well
observed from Meteosat, frequent aircraft reports and Ascension Island profiles.
Correlations with the Otavi-Owambo rainfall index for various months and
seasons were.com.puted (figure 5). Using monthly wind and rainfall, the closest




relationship is between the September wind index and the'h_following January
rainfall. If seasonal values of the wind and rainfall indices are used, the
relationships are useless for early summer rains. A most significant finding is
that late season rainfall (Jan-Mar) can be reliably forecasted using the Atlantic
wind index as far in advance as the previous winter (May-July), This represents
an 8 month lead time, although correlations are most reliable for the September-
November period. :

The wind index is closely related with northern Namibian rainfall in the
late summer (-0.73) using the spring (SON) index value, which means that over
half of the variance is explained. The wind index is also well correlated with
South African summer rainfall, particularly in the northern Cape (-0.83). Iis
linear relationship with Namibian rainfall (Figure 6) suggests that the index
works equally well in drought and flood scenarios. From a forecaster's
perspective, the "miss” rate is estimated as 2~in-10. _

With the prospect of improved summer rainfall forecasts, research on
climate impacts was conducted. Maize yields near Gaborone, Botswana were
obtained and correlations with the Atlantic wind index were better than for
rainfall. Further statistical tests need to confirm similar relationships for northern
Namibia. The index appears well suited to assist efforts towards food security.

Based on current knowledge, it is hypothesised that the Atlantic wind flow
foretells the strength of the westerly subtropical jet stream which interacts with
the Botswana high pressure cell. When the wind is from the west, a feature
common to global El Nino events, the high pressure is intensified and dry spells
are long-lived. The opposite holds true, when the Atlantic wind is more from the
east, moist unstable air invades southern Africa resulting in extended wet spells.
It is useful to note that this Atlantic wind index is in-phase with SST in the
eastern Pacific and leads the southern oscillation index (SOI) by a month or so.

Further work on this index and the mechanisms underlying cause and
effect are in progress. In tests against the other known predictors of Namibian
summer rainfall such as OLR and SST, the wind index performs consistently
better with correlations 30% higher at lead times 3-4 months in. advance. This
index will be added to the "mix" of statistical predictors used in managing
increased climate variability and its impacts on food and water resources.



Year-to-year rainfall fluctuations

At the outset of this project a re-analysis of year—to;-year rainfall
- variability was conducted. Figure 7 illustrates Owambo rainfall departures which

- were subsequently used to- group wet and dry summers for averaging. The
fluctuations for various months between the two areas were inter-compared, and
high correlations were found for November, January and February-(ﬁéure 8).
Time series for early and late summer rains using the combined Owambo-Qtavi
rainfall indices are shown in figures 9 and 10. Prominent in the early summer
are 5-6 year cycles, and in the late summer 2.3 and 19 year cycles. The
probability of rainfall in different categories is shown in figure 11. This indicates
that mild droughts are common and that floods occasionally arise.

Convective forcing of drought and flood

Using OLR data for cloud depth, the unfolding of drought and flood
scenarios and antecedent patterns was assessed by candidate Beyers. The dry
summers include 1981, 1982 and 1983; the wet 1976 and 1978, and to a lesser
extent 1985. Drought is represented by subtracting the mean from the 1981-1983
JEM values as shown in figure 12. Largest departures in the preceding
winter/spring (July-September) occur over the Atlantic Ocean 5-20°N, 20-
40°W, and refer to increased cloud depth there prior to Namibian drought.
During the October-December period, OLR shows that drought builds up over
northern Namibia and that increased clouds occur over the central Indian Ocean. .
During the Jan-Mar season the ocean areas to the east and west experience above
normal clouds while the north Indian Ocean is dry. Drought over northern
Namibia occurs in sympathy with that over South Africa according to the OLR

map,

Wet summer evolution is shown in figure 13. It is interesting that the
preceding winter experiences -OLR departures over northern Namibia while the
eastern Indian Ocean shows reduced cloudiness. The area of reduced clouds
spreads westward to central Africa in the Oct-Dec season and retreats to the
Mauritius sector in late summer. Coincidently cloud depths (-OLR) increase
dramatically over northern Namibia as expected in a flood scenario.

Evolution of circulation in wet and dry summers
Drought evolution 1s illustrated within the circulation patterns shown in
figures 14 and 15 for upper and lower levels. This work was performed by MSc




graduate Mr K Levey. In the preceding winter upper westerlies cover the
- Atlantic and easterlies flow over the west tropical Indian Ocean. These flow |
" anomalies from the east persist in the Oct-Dec season. By late summer the
intrusion of northern hemisphere westerlies into the equatorial Atlantic is a key
feature of drought, B
. In'the lower level the drought scenario is dominated by the South Atlantic
anticyclone, Southeasterly winds are particularly strong to the NW of Angola in
the Oct-Dec season. Another low level signal is a cyclonic anomaly off Kenya
which is strong in July-Sept and again in the late summer. Together these low
level circulations deprive weather systems over northern Namibia of rain-
producing potential,

The flood circulation for upper and lower levels is shown in figures 16
and 17. A persistent upper level signal is seen in west winds over the tropical
Indian Ocean. Other upper level features are more variable from winter to
summer. In the lower level eésterly winds are evident over the equatorial
western Indian Ocean, while over the tropical Atlantic westerly wind anomalies
in the Oct-Dec season precede late summer floods in northern Namibia.

It should be noted that some of the patterns for dry and wet summers are
not opposing and therefore offer ambiguous forecasting signals. Also these maps
are constructed on the basis of two wet summers in the 1970s and two dry
summers in the 1980s, on the assumption that they will foretell common features

of future dron ght.

In-season rainfall variations )
Seasonal distributions are strongly "pulsed” by wet spells of 5-10 day
duration preceded and followed by dry spells of similar duration as illustrated in
the catalogue of rainfall departures in figures 18-20. The results indicate that
using monthly data sets, whether for rainfall or weather maps, does nat capture
the isolated nature of the rainfall and causative mechanisms. The mean structure
of the seasonal rainfall distribution in northern Namibia is a gradual rise to mid-
January, a sudden increase to a peak in early February and a gradual decline
after mid-March. Maximum deviations also occur as rainfall increases (figure
21). The cycles of rainfall are commonly around 25 days (5 pentads), although a
significant number of wet spélls occur at intervals of monthly or longer. |
. Changes in the seasonal distribution are noted in Figure 22. In the mid-
1970s major peaks occurred in January. However in ‘the 1980s rainfall was




generally below the mean and wet spells were of a limited nature. Differences
between the seasonal distribution in wet and dry summers are also illustrated. It

is clear that November and December do not participate in major changes from

 year-to-year or 'decade-to-decade. Of critical importance - to agriculture
productivity and water resources is the mid-January onset of heavy rains, which
then tail off into February and March. In the case of wet years chosen for
analysis, a clear oscillation is evident; whereas in the wettest years (ie 1974)
heavy rainfall is sustained through the late summer. Early summer rains do not
offer an indication of late summer potential and should be discounted for

forecasting purposes.

Comparison of 1990 and 1992

Considering the more recent ECMWF data sets which offer greater
insights to processes underlying wet and dry spells, it was decided to study the
wet summer of January-March 1990 in relation "to the disasterous drought of
1992. Differences between the background conditions of the two seasons are
listed for 20°S, 17.5°E: . o a
T80 UT0 V70 U20 V20 W50 Dv85 Dv20 Ves00 Td700 Td500
90 222 3.1 -1.5 49 09 -11 -3.6 74 25 1.3 -16.6
92 252 26 -1.0 58 -23 +.01 27 -9 63 1.1 -172
where T850 =surface temperature

U70 =low level zonal wind .

V70 =low level meridional wind

U20 =upper level zonal wind

V20 =upper level meridional wind

W50 =mid-level vertical motion

Dv85 =surface divergence

Dv20 =upper divergence

Vr500 =mid-level vorticity

Td700 =low-level dewpoint temp

Td500 = mid-level dewpoint
Largest differences are noted for:
- upper level divergence (greater in 1990)
- mid-level vorticity (more anticyclonic in 1992)
- upper meridional winds (more northerly in 1992)
- vertical uplift (greater in 1990).
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| Surprisingly, some of the smallest differences are in the low level
moisture and wind flow patterns. Dewpoint temperatures at 3 km are only 0.2°C

- lower during the 1992 drought. It is therefore surmised that the metcorologlcal S

scenario for extended wet and dry spells depends more on the properties of the
circulation in the levels above 5 km, than on the near surface moisture supply.
These features are illustrated in figure 23. Largest differences from 1990°to 1992
occur over the SE Atlantic, where in the dry summer the NW wind flow is
considerably stronger. In wet summers links between northern and southern

hemisphere westerlies are absent.

SUMMARY AND RECOMMENDATIONS
The discovery of a new wind index for the forecasting of summer rainfall

in northern Namibia is one of the major findings presented in this report. The
Atlantic upper wind index provides useful insights to the coming season's
January to March rainfall up to 8 months in advance. It is also likely to control
some of the changes in the soil moisture which occur through evaporation and
surface temperature conditions. : :

Further studies are recommended to determine the importance of
downstream blocking in the south Indian Ocean, of changes in sea surface
temperatures in the South Atlantic and of convective/circulation evolutlon

leading to extended dry and wet spells.
Climate impacts should be assessed through crop yield and water balance

studies, including the predictability of temperature.
As most of the rainfall is contributed by wet spells with a duration

considerably shorter than the monthly time scale, attention should be shifted to

meteorological controls of pentad rainfall variability.
Another project scientist/ MSc candidate with stronger motivation and

potential should be sought to continue with the project work.
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1993/94 FORECAST VERIFICATION
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Fig 21 - Pentag historical mean rainfall distribution for 2 Dec-25 Mar
season (top), standard deviationg (midddle) and rainfall - cycles
determined from seasonal pentad rainfall over the 1969-1993 period
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(bottom). Wet spells with a minimum deviation of 25 mm are counted. -
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- Conclusion

Table 9.2: Total land reform cost over the proposed 15 years from 2006-2020, based
B - ona projected level of investment of N$130 million peryear

Unit
Cost over 15 Nr of
Intervention/Cost [tem years (2006- cost/hectare | Total hectares Beneficiary
2020) for GRN (Ha) Families

{N$/ha)
Total Freehold Acquisition 450,000,000 250 1,800,000 3,150
Total AALS 750,000,000 80 9,375,000 1,705
Total Non-Freehold Development 450,000,000 160 2,812,500 11,250
Total Cost PSSS for Resettiement | 300,000,000 14,400
Total National Cost (N§) 1,950,000,000 13,987,500 16,105

This amount (N$1.95 bilion) falls short of the total cost of land
reform over 15 years as envisaged in the Action Plan, which is
expected to be in the region of N$3.72 billion, but demonstrates
that significant resources are aiready available to government
to implement the proposed action plan in the shori-term. It may
well be possible to increase the level of investment through
addditional appropriafion as macro-economic circumstances
dictate, as well as to obtain additional support from
development partners or through concessionary loans,

These targets could be strengthened even further if the
Nafional Land Reform Programme were linked with other on-
going initiatives in differeni ministries. Examples of such initiatives
include the MAWRD Green Scheme, MET's CBNRM programme
and the joint sustainable land management programmes of
the MET, MLRR, MRLGH and MAWRD. The aquaculiure
development projects of the Ministry of Fisheries and Marine
Resources, MRLGH's village development projects, MAWRD's
German-funded waier basin management programme and
the EU-funded Rural Poverty Reduction Programme
coordinated by the NPCS are also of note.

Although not directly related fo land reform per se, all would
have a positive effect on land reform: both in quantitative and
gualitative terms. Funds dllocated to such initiatives could
indirectly contribute to the achievement of land reform targets.




Section Two: Indicative Action Plan
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