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Abstract

This paper deals with predicting discharge at uggdwcatchments, the case of Omo-Gibe river
basin, using the WATBAL conceptual lumped rainfalhoff model. Parameters calibrated with
the model are extrapolated from gauged catchmenisgauged catchments of similar physical
characteristics with Regionalization technique. the Omo-Gibe river basin, most of the
catchments are ungauged. Hydro-meteorological foata twenty four metrological and twenty
two hydrological gauging stations of the basin ased to calibrate and validate the model
parameters. Sizes of gauged catchments whose @atssed vary from about 40 to 3242 %m
Key model parameters considered consist of sulasarfunoff coefficientd), surface runoff
coefficient €), and maximum water holding capacity of catchmé8ts,). These parameters are
calibrated using an automatic optimizing routinetled WATBAL model and through routine
iteration; Saxis found to vary from 3403mm to 466mmfrom 64mm/day to 0.26mm/day and
from 9.6 to 2.6. Some more model parameters, nardelgct runoff coefficientf), subsurface
runoff coefficient {), and base flow (§ are calibrated manually. The hydrograph charesties

of observed and simulated events are compared wsingus evaluation criteria consisting of
Nash-Sutcliffe coefficient (NS) greater than 0.@lative volume error (RVE) between -10 and
10%, and coefficient of determinatiorf)(greater than 0.7. Among the catchments of thenbas
that are used in the modeling work, 73% fulfilléx tcriteria. Based on availability of required
data, six physical catchment characteristics (P@@s)yelected among those commonly used in
many regionalization studies. These are catchnreat anean annual precipitation, mean annual
evapotranspiration, average catchment slope, loffigespath and mean catchment elevation. In
addition to the PCCs, input data including preeigan, observed flow, temperature, relative
humidity and sunshine are used in the WATBAL rdinfanoff model. Four parameter
regionalization methods (multiple regression, spgiroximity, area ratio and sub-basin mean)

were applied to transfer model parameter values tiee gauged to the ungauged catchments.
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CHAPTER ONE

1. Introduction

1.1. Background

Sustainable water resources planning and managaemuites data to enable quantification of
water quality and quantity. Information is requirex the rates of transfers and storage of water
within a catchment. Lack of adequate hydrologiahdntroduces uncertainty in both the design
and management of water resources systems. Anehedsf information about the quantity and

guality of water resources arises from poorly deped hydrological networks.

Hydrological data are indispensable for assessmEmtater resources. Information on water
level in rivers and lakes, discharge, sediment aater quality is necessary for a range of
projects, in some of which, information on timeisgr maxima or minima of the variable may be
needed. Among examples of areas for which hydroddgnformation is essential, are: water
supply planning and water engineering works likmsareservoirs, spillways, canals, diversions,
hydropower, etc. Moreover, availability of hydrologl data in real time is needed for
management of water resources, reservoir operagiod,in particular, flood forecasting and
control. Without adequate knowledge of water resesir uninformed decisions are likely to be
made, which are not adequate to the rising watessbn the “thirsty planet”.

It is likely that most catchments of the world aregauged or poorly gauged. Therefostiable
estimation of continuous stream flow time-seriesmgauged catchments has remained a largely
unsolved problem. Although significant insight h&gen gained in recent years, the
establishment of the Prediction in Ungauged Basiiative by the International Associations of
Hydrological Science (IAHS) shows that much hall &iibe done in this area (Wagener and
Wheater, 2006). Several ways of obtaining the meguinformation are addressed in literature.
Analyzing the methods that has been attemptedtimate the runoff from unguaged catchment
from the previous studies, regionalization of mogarameters, which is the process of
transferring model parameter from comparable cagetinto catchments of interest, was the

common approach. It is possible to acquire necgssdéormation in order to reduce model




parameter uncertainty and uncertainty in predistiosf discharge regimes in ungauged

catchments.
1.2. Statement of the problem

A better understanding of the hydrological chanasties of different watersheds of Omo- Gibe
River Basin is of considerable importance becadgbeocountry’s interest in the utilization of
its water resources, the need to improve and augdeelopment and management activities of

these resources, and the potential danger fronmtimegapacts of climate change in the future.

In Ethiopia most river basins have less coveradgydfo-meteorological gauging stations. Omo-
Gibe basin is one of these river basins. Howewercountry is on the way of exploiting its water
resource potential. Full exploitation of the aviaiéawater resource potential requires knowledge
of the basin water balance. This in turn requiraswedge of the contribution of ungauged
catchments of the basin. Since, in the Omo-Gibenpds/drometric network is not evenly
distributed, large areas lack gauging stationsanyg few gauging stations have long years of
data. Consequently, there is a need to developtlaoehéor predicting flow at the ungauged sites.
Thus in this study, an attempt is made to estimateff in gauged and ungauged catchment to
understand the temporal and spatial variabilityafer yield since it has a great bearing on local

developments and downstream users.
1.3. Scopeof the study

Rainfall-runoff models are often used to prediceat flow in space and time domain for

operational and scientific investigations. Extraioin and regionalization processes enable us to
simulate response of catchments for which timeesesre not available. Due to the presence of
several factors, prediction of discharge regimesingauged and gauged catchments involves
some degree of uncertainty. In predicting gaugéchoaents, the factors that cause uncertaininty
include different model structures representing & world differently, inadequacy of data

required by the models and the model calibratioraupater. For better water management these
predictions should be done accurately by redudieguincertainties. Since observed data are not
available or not sufficient for model calibratiaio, predict the model parameters in ungauged
catchments depends on other sources of informaliais. introduces high degree of uncertainity

in discharge prediction of ungauged catchmentkenhat of gauged catchments.




The problem with developing even the simplest m®dies primarily in data availability. Most
established hydrological models are data inten&ivethe Omo-Gibe river basin has limited rain
gauge coverage, very short records of long termpésature, wind, relative humidity and
evapotranpiration, a few gauged-catchments, angl searce daily data. The basin is large and
has complex characteristic which, together withlt#uk of data, creates severe constraint to the

application of sophisticated hydrological models.

Application of physically based models is praclicatot feasible for ungauged catchments
because of their need for a variety of high qualifgnsive data. Instead, conceptual models
which have fewer parameters are applied, and for bsearch a lumped conceptual water
balance model called WATBAL is selected.

For the Omo-Gibe basin, hydrological data for twemio well gauged catchments is available
from the Ministry of Water & Energy and twenty fooreteorological stations from the National
Meteorological Agency (NMA). By using well gaugeditd and establishing relationships
between conceptual model parameters and physitethroant characteristics, parameters for
WATBAL model can be determined for poorly gaugedclkments. This reduces parameter

uncertainty and ensures reliable prediction offtasge regimes.

1.4. Objectivesof the study

1.4.1. General objective

The general objective of this study is to apply ydrblogical model and regionalization

technique and simulate runoff for ungauged catchsneinOmo-Gibe river basin.

1.42. Specific objectives

» To determine WATBAL model parameters required tdineste monthly flow for
ungauged watersheds

* To identify catchment characteristics that can bedufor predicting flow for ungauged
catchments.

* To determine the possibility for regionalizing paeters of selected lumped rainfall-
runoff models on the basis of catchment chara¢tesjsand using these to estimate flow
of ungauged catchments.




1.5. Research questions

* What are effective and efficient WATBAL model pareters to relate to physical
catchment characteristics?

 Which physical catchment characteristics are abkElaand suitable to relate to
WATBAL model parameters?

* What appropriate regionalization methods can bd tsextend the observed hydrologic

regimes to ungauged basins?
1.6. Outlineof thethesis

In this study a method of regionalization is apglie predict discharges at ungauged catchments.
Chapter 2 describes the literature review relatdthie objectives of this study. Next, a
description of the hydrological cycle and rainfalkoff processes are given and an overview of
rainfall-runoff models is discussed. Further masieection criteria and the selected model are
described. A description of the study area is givechapter 3.The main characteristics of the
catchment are presented in this portion. To rebehobjective of this study, the data collected
from different national organization should be @m®sed. This is explained in chapter 4. In
chapter 5 the applied methodology with respect dolehcalibration and validation is described.
In more detail, the model parameters used in cdldm, the approach of calibration and in what
way model calibration is evaluated are expoundecthiapter 6 a detailed discussion is raised
against the results of model calibration and vélisaand Regionalization processés chapter

7 conclusions on the stated objective are presemtedddition, some recommendations are

made.




CHAPTER TWO

2. Literature Revie\

2.1. Hydrological process

The processes occurring in and above a catchnrent, formation of rainfall to generation «
stream flow that leaves the catchment through arriare many and complex. The m
important ones, with respect to rain-runoff transformation, are described here. Thid l\sad
to a better understanding of rainfallrunoff processes conceptualized by the WATE

model.

Catchment modeling requires a clear understandmtie hydrologic cycle at catchmescale.
The catchment hydrologic cycle involves many processemy hydrologist: investigated this
cycle by a number dftudies. A summary of the cycle is given by Chowl. (1988) and a brief

description illustrated inigure 2..
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Figure 2.1: Hydrological cycle

The basis of generating rain-runoff processes lies in the hydrological cyclee Ttydrologica
cycle can be explained by the interdependence anetment of all forms of water on earth
usually is described in terms of six major compdsenhich ar precipitation, infiltration

evaporation, transpiration, surface runoff and gowater fow. This is shown iIFigure 2.1.




While the driving force of this circulation is deed from the radiant energy received from the
sun, evaporation can be stated as the start otybke. Therefore, the ocean is the earth’s
principal reservoir; it stores over 97 percenthd terrestrial water. Water evaporates into water
vapor, where it contributes to clouds formatiorthe atmosphere. Here it condensates and may
give rise to precipitation (e.g. rainfall or snoWfaln the terrestrial portion of the cycle not af

this precipitation reaches the ground surface mraame is intercepted by the vegetation cover
or by the surfaces of buildings and other strustuasmd respectively transpires and evaporates
back into the atmosphere. The precipitation reachire ground surface may then collect in
order to form surface runoff, it may infiltrate inthe ground or it evaporates back up into the
sky (Ward and Robinson, 1990). After infiltratio e precipitation into the soil, the flow
process becomes very unpredictable since the catghmnoff behavior is closely related to the
subsurface physiographic, geometry and geologys Hsipect (i.e. these flow processes) is
expounded in the following section. In addition,otirer dominating process arising from

catchment precipitation which contributes to rdinfanoff generation is described.

2.2. Rainfall-runoff components at catchment scale

Catchment precipitation lies on the basis of rurggherating. Through four aggregated flow

processes, precipitation can arrive at the outlettpf the catchment. These are through:

» direct precipitation onto the water surface;
* overland flow;
» through flow;

* Groundwater flow.

These terms are used widely and relatively unanthigly in the literature. However, based on
the conditions of the soil which the precipitatibears, the last three flow processes each can
embrace several distinctive flow processes. ThaitBned below and is illustrated in Figure 2.1

above.
a) Direct precipitation onto the water surface

Not all of the four addressed flow processes areqofal importance in contributing to the total
channel discharge. For example, the contributiodiract precipitation onto the water surface is

normally small simply because the perennial chasystiem occupies only a small percentage of

6



catchment areas. However, where catchments coatdamge area of lakes or swamps, open
channel precipitation may be persistently import@iiard and Robinson, 1990). Furthermore,

this flow process is unambiguous.
b) Overland flow

Precipitation falling on the surface, resultingaifiow of water over the land surface by means of
a thin water layer sheet flow is called overlanowil Two types of overland flows can be
distinguished based on the conditions of the sdiictv the precipitation bears. These are the

Hortonian overland flow and the saturation excessland flow.

* The Hortonian overland flow occurs when the intgnsif the rainfall is greater than the
infiltration capacity of the soil and when the faih causes storage of water at the land
surface. This happens when rainfall events areyhaat where mountainous slopes are bare
or covered by thin vegetation.

* The saturation excess overland flow occurs wherstilebecomes saturated due to the rise
of the phreatic groundwater level up to the landame. Since the infiltration capacity
becomes zero, the precipitation cannot infiltratgnaore and will runoff on top of the land
surface. It is mostly generated at the bottom érhill slopes with shallow phreatic
groundwater levels.

c) Through flow

Water that does infiltrate into the soil and theaves laterally through the upper soil horizons
towards the stream channel is called through flohis through flow takes place above the
phreatic groundwater level. The water above thesgic groundwater level occurs in two

distinct forms, which are in unsaturated form aatusated form. Three types of through flow

can be distinguished, which are the unsaturatesistdre flow, the perched subsurface flow and
the macro pore flow.

* Unsaturated subsurface flow arises from infiltrgtimater entering the subsurface and
mostly has a vertical flow direction. This movemehtvater takes place due to suction
head gradients.

» Perched subsurface flow occurs where lateral cdilycin the surface horizons of the

soil is substantially greater than the overall ieatthydraulic conductivity through the




soil profile. When for instance an impermeable rdeker underlies a top layer,
subsurface water will be discharged on top of thek layer.

» Water moving through macro pores and / or smallinahtpipes is called macro pore
flow. Water flow exhibits as ‘free’ flow and, asdy is not controlled by suction head
gradients. It can occur either in the saturatedelbas the unsaturated form.

d) Groundwater flow

The groundwater flow is the flow of water in thewated zone. Since water commonly only
moves very slowly through the ground, the outflolmgooundwater into the channel may lag
behind the occurrence of precipitation by sevesgisdweeks or even years. It tends to be very
regular since the saturated zone acts as a laogagst zone of percolated water. In general,
groundwater flow represents the long-term comporantotal runoff and is particularly
important during dry spells when precipitation, daed flow and through flow are absent. In
addition, the groundwater flow contribution canrbpid or delayed (Ward and Robinson, 1990).

2.3. Classification of hydrological models

Hydrological models are commonly divided into twaim categories; physical models and
abstract models. Physical models include scale ma@ileh as hydraulic models of a spillway,
and analog models which use another physical sybtanmg properties similar to those of the

real system.

Abstract models represent the system in mathenhdtioa. The system operation is described
by a set of equations linking the input and thepautvariables. These variables may be functions
of space and time, and they may also be probabibstrandom variables which do not have a
fixed value at a particular point in space and time instead are described by probability

distributions.
Abstract models are classified according to threeruariteria:

* Randomness (deterministic or stochastic)
» Spatial variation (lumped or distributed)

* Temporal variation (time-dependent, time-indepetden




A number of different abstract models as givenigufe 2.2 are available. The simplest type of
model will be a deterministic lumped time-indepemd®aodel, and the most complex type would
be a stochastic model with space variation in tllieeensions and with time variation (Chow et
al. 1988).

| System _ Model
" f(randomness, space, time) g accounts for
Input Output
Deterministic Stochastic Randomness?
Lumped Distributed Space Space Spatial
. o
independe correlated variation
Steady Unsteady Steady Unsteady Time Time Time Time Temporal
flow flow flow flow indepe correl. indepe correl. variation?

Figure 2.2: Classification of hydrological models

Among all hydrological models, some have many pesapplications (with varying degree of
availability) while others concentrate only on aretwo applicationsSomemake approximate
estimates from limited information, but others nega great deal of descriptive data, detailed

computation, and large amount of computer time.
2.4. Model selection

The above model classifications must be considetezh selecting the appropriate hydrological
model in order to contribute to the stated objedivAt first sight, physically-based models are
the most appropriate in modeling rainfall-runofbpess while it is the most elaborate way of
modeling the rainfall-runoff processes. By the dapnprovement of computational power, the
physically-based models became practically applecab the nineties. There has been
considerable discussion regarding the pros and cons of this type of model by Beven (1989).

In general it is concluded that physically basestrdiuted hydrological modelling has clear




limitations. Further, these models suffer from exte data demand, scale-related problems (e.g.
the measurement scales differ from the processnaodel scales) and over-parameterization.
Therefore, in order to predict rainfall-runoff imgged and ungauged catchments these models

mostly are not practically applicable.

On the contrary, conceptual models normally perfatrieast as well as physically-based models
in predicting discharge regimes and furthermorey tde not require huge complexity as

physically-based models do. Conceptual models cancdnsidered as a nice compromise
between the need for simplicity on the one handthedneed for a firm physical basis on the
other hand. This is due to the fact that these tsaasually are able to capture the dominating
hydrological processes at the appropriate scalb actompanying formulations and therefore

are very suitable when used in the process of nadjmation.

There are numerous criteria which can be usedhioosing the suitable hydrologic model (Juraj
M, 2003). These criteria are always project-depatdgnce every project has its own specific
requirements and needs. Furthermore, some craegialso user-dependent and subjective. The
following criteria are most commonly applied forngparison and selection of an appropriate
hydrological model:

a) Temporal scale: The time step used in the moded [mi-), hr (+/-), day (+/-), month (+/),
flexible] (where “+” means given and larger timestand “-” means given and shorter
time step).Rank: [0-2]; models with flexible time step receithee highest rank 2, models
with limited time step but at least partially agplble in the project get 1, and models with
time steps that cannot be applied in the projec0daot used).Weighting factor(25%).

b) Spatial scale: For what basin size is the modekldged or recommended to be used
[small (urban areas), medium (up to 1000°knarge (>1000 kr), flexible size]. Rank:
[0-2]; 2 for flexible size, 1 for models with patiy applicable spatial scale, and O for
inapplicable models (not used). Weighting factéb)5

c) Cost: Price of the model. Rank: [0-2]; O for expeasnodels, 1 for models with medium
cost and 2 for models in public domain. Expensésted to technical support are also
considered here. Weighting factor (30%).

d) Set-up time: Approximate time needed to set the ehadto operational use [short,
medium, long]. Rank: [0-2]; 1-low, 2-medium, andhigh. Weighting factor (5%).
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e)

Q)

h)

)
K)

Expertise: What scientific expertise is requiredise the model adequately [low, medium,
high]. Rank: [0-2]; 1-low, 2-medium, and 0-high. \Yeting factor (5%).

Technical support: Support available for to sefipcate and use the moddRank: [0-2]; O

if no support is available, 1 for limited supportda2 for full support. Weighting factor
(5%).

Documentation: What documentation is availableualbloe model, such as user’'s guides,
reference manuals, web pages, newsletters, etcad|[ tnedium, good]. Rank: [0-2]; O
bad, 1-medium, and 2-good. Weighting factor (10%).

Ease-of-use: Describes computer-related user-fiireess of the model, taking into
account GUI, input-output (I/O) operations, andueiszation options [easy, medium,
difficult]. Rank: [0-2]; 2-easy, 1-medium, and Cfaiult. Weighting factor (10%).
Operating System: Computer operation system redjdimethe model [UNIX, DOS, Mac,
Win 95, 98, Me, 2000, XP]. Rank: [0-2]; 2 for Wind® based applications, 1 for DOS
applications, and O for other operation systemsgimg factor (5%).

Advantages and disadvantages: Summarizes prosoasta given model. Rank: [-].

References: Lists the key reference(s) to the miodék literature. Rank: [-].

The total score gives the sum of all ranked catg¢€i-100%] and not known items received

during the ranking process the median value, irotd minimize any potential errors resulting

from misclassification.

An attempt is made to select hydrological modet #uresses the stated objectives of the study

based on the above criterion and is shown in Talle
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Table 2.1: Comparison and selection of hydrologisatiel

Model / criterion WATBAL Pitman model abcd Model NB PRMS
Temporal scale Day+ Day+ Day+ Day- Day-
Spatial scale Flexible Flexible Flexible Flexible lekible
Cost Public Domain Not known Not known Not known bReiDomain
Set-up time[Short/Medium/Long]  Short Short Short dilen Long
Expertise[Low/Medium/High] Low Medium Low Medium bin
Technical support Limited support Limited support imlted support Full support No support
Documentation .
[Bad/Medium/Good] Good Not known Not known Medium Not known
Ease of . . -
use[Easy/Medium/Difficul] Easy Medium Easy Medium Difficult
. Win 95+ MS Excel Win 95+ MS Excel Win 95+ MS Excel .
OS (operating system) 5 0+Add-in 5 0+ Add-in 5.0+ Add-in Win 95, NT DOS, UNIX
Easy to use, Easy to use, Low Easy to use, All hydrologic Eatri?nTzeatt?(;n and
Advantages Low data requirements, | data requirements Low data requirements processes modeled sgnsitivit
9 Both event and Both event and Both event and Fairly low data analvsis y
continuous simulations | continuous simulation$ continuous simulations requirements ysIS
capabilities
Designed for daily DOS 1/0
time step operations No
No event simulations Limited information | *Simplified soil P

Disadvantages

Empirical parameters

Limited information
available

available

moisture dynamics
Limited information
available

support Limited
available
information

Lindstrom et

Leavesley et al.

References Yates, 1994 Pitman , 1973 Alley, 1984 al.(1997) SHMI
(1983)
(2003)
Total score [0-100%] 92.5 70 72.5 47.5 40
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As shown in Table 2.1, the HBV-96 and PRMS mode&sdndaily time step data and are not
compatible with the available data. Further theugetime and expertise required is high with no
documentation available. The Pitman model and boel anodel can be applicable for the stated

objective of the study except with their limitatiamth documentation and accessibility.

Thus, the lumped conceptual model selected forimghis study is WATBAL. It is chosen
because it suites the objectives of the study, aagéability and it is recommended for giving

good results in predicting MPs that are used tones¢ flow of ungauged catchments.

The main drawback related to WATBAL model is thedme of the model parameters are
usually calibrated (optimized) manually by trialdaarror method which sometimes leads to
subjective judgment of the model parameter vallresrder to reduce the subjective judgment,
crosschecking of the optimized model parameters prior range of previously done studies can
be carried out.

2.5. WATBAL model

David Yates of the Stockholm Environment Instit(8&1) in the USA developed thR&/ ATBAL
model. It is a model that simulates changes in smisture and runoff. It i®ssentially an
accounting scheme based on a conceptualized, ammdional bucket thatmps both the root
and upper soil layer. The model comprises two etesd he first is avater balance component
that describes water movement into and out of aegtualizedbasin (See Figure 2.3). The
simplified representation of soil moisture dynamics has bdews to adequately represent
runoff changes due to climate fluctuations (Yates andefak, 1994). The second is the
estimation of potential evapotranspiration, for evhithere are three possible alternatives,
depending on data availability.

a) Theory

The uniqueness of the lumped water balance modgl iss use of continuous functions of
relative storage to represent hydrological processethe form of a differential equation
(Kaczmarek 1993; Yates 1996). Water enters thensoisture store through precipitation and is
removed either by evapotranspiration or direct fiyrsurface runoff, subsurface runoff or base

flow (See Figure 2.3). The water balance compomérthe model comprises six parameters
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related to direct runofff}), surface runoffd), sub-surface runoffu(andy), maximum catchment
water-holding capacity (2, baseflow (B).

Evapotraingtion Effective Precipitation

A

»

Direct runoff -

Surfacq runoff

Relative depth (z)

[
|

Sub- Surface runoff

v

Baseflow

Figure2.3: Conceptualization of the WATBAL model water bate

The monthly soil moisture balance is written as:

Smw% =P, ()1~ B) - R.(zt) - R (z.t) - E,(Pet,z,t) =R, ........... (2.2)

Where:
Pest effective precipitation (mm/day)
Rs surface runoff (mm/day)
Rss sub-surface runoff (mm/day)
Ev evapotransipiration (mm/day)
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Pet potential evapotranspiration (mm/day)

Rp base flow (mm/day)
Sax maximum storage capacity (mm)
z relative storage (unitless) {0z< 1)

Shax the maximum water holding capacity of a catchnrefiects the relative importance of
water storage on the hydrological regime of a catmfit. It is dependent primarily on the nature
of catchment geology and soils. The storage vajahlis given as the relative storage state and
is a value between 0 and 1. Consequently, whgri$ multiplied by z, it gives the volume of

water stored in the catchment at any given time.

Surface runofRs is described in terms of the storage stgtand the effective precipitatione#
A calibration parametes, allows for surface runoff to vary both linearlgdanon-linearly with
storage (Yates, 1996).
Z(P; -R) for Py >R,
R(zPt)=4 =% 7 (22)

0 for Py <

Sub-Surface runoff & is a function of the relative storage state, ipliétd by a coefficierd. In

most cases the value pfs 2, but for some basins may be different.

Direct runoff (Ry) is a function of the effective precipitatiof.is the proportion of effective

precipitation that becomes direct runoff.

The base flow (B must be determined by the user and entered h@artodel as a constant

value. Total runoff for each time step is the surthe four runoff components:

Riotai= Rs+ Rss+ Ry + Ry............ (25)

In most places in Africa and thus in Ethiopia snomelt is not a concern. Potential
evapotranspiration is computed using one of thioviehg three methods: i) Penman-Monteith
(Penman, 1948; Monteith, 1965); ii) Priestley Tayl®riestley and Taylor, 1972) or iii)
Thornwaite (Thornwaite, 1984 he version of WATBAL available in 1996, only hadheo
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option, the Priestley Taylor method. A non-linealationship (based on Kaczmarek, 1993) is

used to compute actual evapotranspiration fromntiaeevapotranspiration.
_ 2
E, (2 Pet,t) = Pet(%j ................ (26)

b) Calibration and Validation of WATBAL Model Paramete

In WATBAL, hydrological processes are simulated, described above, on the basis of a
conceptual approximation. Consequently it is nengst® adjust or optimise parameters until the
model output becomes an acceptable estimate afbtberved runoff regime. This necessitates to
have observed runoff data against which parametaes are calibrated. Ideally, a split sample test
should be performed in which observed runoff redgsrgplit into two segments that are used for
calibration and validation of the model. If thetstiical values derived from the calibration and

validation procedure are above threshold valuem the fitted model parameters are deemed
acceptable.

Model parameters are found through empirical amalyt monthly and annual runoff data. Key
model parameters arg € and Sax Within the model, an automatic optimising routicen be
utilised to calibrate the above three parametdegisBcal relationship is used to reduce the error
between the observed and simulated runoff. Optmualel parameters are rarely found on the first
attempt of automatic calibration. Consequently,newhen using such a method, it is best to
combine it with an element of manual adjustmenparameters. The other model parameters can
be calibrated, but this has to be done manually.

Smax has units of mm. Regions with higher runoff cagéints (i.e. average annual rainfall
(mm)/average annual precipitation (mm)) generaflyehlarger S.x and vice-versda has units of
mm/day and is directly related to soil water stetaBegions with higher runoff coefficients
generally have higher values of alpha (i.e., bofests and tropical rain forests) while regions
with lower runoff coefficients generally have lowealues for alpha (i.e., deserts and dry forests).
€ is unit less and defines the functional form afate runoff, which depends on the magnitude of
the precipitation event and the relative storage (&uation 2.2). Smaller valuessokpresent an
increase in the contribution of surface runoff;réfere, smaller is generally associated with

smaller soil moisture capacities and greater sarfaooff (e.g. tundra and chaparral). Regions
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with larger baseflows and flatter runoff hydrogragenerally have a higher contribution of runoff

from sub-surface flow. Higher valuesafend to reduce the contribution from surface rtinof
c) Model Environment and use

WATBAL consists of two Dialog boxes (along with twelp screens) within an Excel95
worksheet. The model is written in Visual Basic Apgtion. When WATBAL is loaded it is run
from a button (runoff) on the Excel toolbar. Thigtton gives access to both Dialog boxes.
Below is a description of how to load the modeladl as descriptions of the Dialog boxes.

The water balance component of WATBAL has the cdipabo run on any time step (seasonal,
monthly, daily, hourly); however the potential estanspiration model has been developed to
work only on a monthly time-step. If other time lesaother than monthly are required, then a
separate potential evapotranspiration model shbeldleveloped. If run in daily mode, it is
recommended not to use more than 5 years of dadatiate (approximately 1850 rows in an
Excel worksheet). Five years of daily data shduddadequate for calibration, so if there are
more than five years of data available, this sesiesuld be broken into five-year increments.
There is no limitation on the number of years wherforming analysis on a monthly time scale

or longer
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CHAPTER THREE

3. Description of the Study Area

3.1. Location of study area

The Omo-Gibe river basin is one of the major ribesins in Ethiopia and is situated in the

southern part of the country. It lies betwee®@IN & 9°22'N latitude and between 344°E &
38°24’E longitude and covers an area of some 79,000 With a length of 550 km and an
average width of 140 km.

It is an enclosed river basin that flows in to take Turkana in Kenya which forms its southern

boundary. The western watershed is the range Isfdnld mountains that separate the Omo-Gibe
Basin from the Baro-Akobo Basin. To the north andmwvest the basin is bounded by the Blue-

Nile Basin with small area in the northeast bomigthe Awash Basin. The whole of the eastern
side borders the Rift Valley Lakes Basin (Richardddiroofe and Associates, 1996).

35°0'0"E 36°0'0"E 37°0'0"E 38°0'0"E
L 1 L L

Legend
—— river network
] omo basin boundary

>z
9"0!0'N

T
8°0'0"N

T
7°0'0"N

T
6°0'0"N

Figure3.1: Study are

T
5°0'0"N

J\{ 0 25 50 100 Kilometers
—_ )

T T
37°00"E 38°00'E

18



3.2. Climate
3.2.1. Rainfall

In terms of rainfall the Basin can be split in ¢af regions, three of them having a unimodal and
one is a bimodal rainfall regime. The northern péthe basin, including Bako, Weliso, Welkite
and south to just north of Jima, has rainfall fooat seven months, from March to September
with a range of 1100-1800 mm per annum. The smaalkrare from March to May and the main

from June to September with a marked increaselynahd august.

The north-center area, including bonga, jima andoStias a more even distribution of rainfall
over March to September without any peak in Julg angust. The region generally receives

more than 1200mm, rising to 2000 mm on the wedtarges north of Bonga.

The southern-center area, including Maji, Jinka 8ad/la, has a prolonged rainy season of nine
months. The amount varies from 600 mm in the lowadleys to about 1800 mm in the hilly

areas around Maji and in the west. Field obseraatend local experience indicate that around
Sawia, at least, the rainfall pattern is differemthe north with the major rains in February and
March rather than later in the year. The evidemceHis prolonged rainy season was confirmed

by field experience with wet conditions experienfredn March through November.

Generally according to the isohyetal map of the GGNhe rainfall ranges from over 1900
mm/year in the northern and western part of thénb&s about 300 mm/year in the lower part of

the basin near Lake Turkana.
3.2.2. Temperature

The mean annual temperature in the Basin varies 16’ C in the highlands to the north to over
29°C to the south, reflecting the correlation betwéemperature and elevation. There is little
variation in the minimum temperature (around 106€ rost of the year) but the maximum
drops markedly during July and August to 20°C comg@do a maximum of 27°C.Wishwish, to
the west of the Basin shows this pattern with sljgklower values and less variation in the
maximum. Jinka, to the south of the basin, hashigbest average temperatures and shows

increased variability in the period November to tamwhen rainfall is the lowest.
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3.2.3. Relative humidity

The highest relative humidity occurs when the in$ the highest, reaching an average of over
80% in the high ground to the west of the Basin.ti® south of the basin the average value

drops below 65%.The seasonal variation in humiditpws a similar pattern to the rainfall.
3.2.4. Sunshine

As the major factor affecting the average dailyrsaf sunshine on the Basin is the cloud factor,
with relatively little effect due to the seasonabvament of the earth. Thus there are relatively
low sunshine levels in the west highlands to thetwé the basin. There are marked minima for
all stations in June and September. Jinka hasotigebt hour of sunshine, with a minimum in

August, but this is less marked than for otheltat
3.3.  Topography and slope

The topography of the Omo-Gibe basin as a wholeharacterized by its physical variation,
especially the difference between the northernttvirals which has mountainous to hilly terrain
cut by the deeply incised gorges of the Omo, Gajath Gilgel Gibe rivers and the southern one

third which is alluvial Plain punctuated by hillyeas.

The northern watershed Bako is characterized bly iguntains 2800 m with steep slopes and
rolling upland Plateaus and basins with most slapeater than 15%. The north-west boundary
is marked by mountains with altitudes of 2000-250@&nd rolling dissected upland basins with
areas by depressions with drainage deficienciet) as the Bako Plain at an attitude of 15-30%
the north-Eastemmost border of the Basin is charaetd by severe dissection of the upper

reaches of the Wabe River.

This pattern continues south from Hosaina towarmigoSvith rolling dissected upland plateau
forming the highland which is being eroded intothg Omo and Gibe gorges exposing the
underlying basalts. Between these highlands andgtirge itself the landform is one of an
undulating to rolling plain often exhibiting seveeeosion, cut by deeply incised rivers. Most
solpes are Greter than 10% and the altitude ran#)650-1850 m.

The central part of the Basin, north and west ef @mo gorge, south of the Gibe Gorge and

around Jima, Bonga, Chida, Waka and south to Bemahis composed primarily of high relief
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hills and mountains of 2000-3300 m. North of thgeboRiver the upland areas are relatively
undissected but to the south the Kulo Konta hille aeverely dissected. These hills are
interspersed with relatively narrow undulating ugldasins with altitudes of 1800-2000m along

the Gilgel Gibe east of Jima and on the upper Gajett of Jima.

East of the Omo River the area towards the easteumdary is almost a basin, with range
topography, mountains forming the interfluves betwdlat to undulating valley floors. The
mountainous areas are at altitudes of 2600-2800itin s@me crests reaching 3500 m and the
valley floors at 1000-1500 m. south to Jinka thiefdlattens out to low hills developed on
basalt and basement complex granites and gneissdtiiades of 500-1400m with most slopes
10-15% but steeper in places, this continues toBagin’'s southern boundary with the Rift

Valley.

This landform, an undulation and dissected hillopkgin with slopes of up to 10%, also forms
the Omo-Gibe Basin’s south-western boundary wighBaro-Akobo Basin in the Tirma Tid area
at altitudes of 1000-1200m. North to Maji, reliefdaaltitude increase to 2500 m and most slopes

of 30% or more.

The lower Omo Basin lies at 400-600 m and is corapasf gently sloping alluvial-colluvial
plains in the North and alluvial plains and fansvafuing degrees of dissections in the south.
These alluvial-colluvial plains extend far into tHelo Konta hills at their northern extent and
are among the most inaccessible areas of the agither south, occasional low relief hills and
severely dissected vocanic cones and lava flow ouwpof the alluvial plain to attitudes of
1000m or so.

The lower Omo plain is characterized by the faet this a relatively recent feature formed by
successive movements of Lake Turkana and, thoughrglatively flat, it contains numerous
beach ridges and depressions. The Omo delta, isotlth of the Basin and at the northern end of
Lake Turkana has aggraded to such an extent imrgears only some 25Knof the lake is in

Ethiopia.
3.4, Land cover and land use

In very broad terms, most of the northern catchnmenhder extensive cultivation with increased

land pressure meaning the expansion of cultivatedsainto increasingly marginal lands at the
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expense of woodlands. Forested areas are now ednfmareas too steep and inaccessible to
farm, such as west of Shenen, Botor Becho anddeet Limu Genet and Jima where a forest

often has an understory of coffee.

The Basin boundary west of jima and in the Bongzadras extensive tracts of high forest,

though even in this relatively inaccessible are@chment is noticeable.

The flatter poorer drained bottomlands of the nemthcatchment are usually not cultivated but
are used for dry season grazing and, if suitabteek bmaking. They are also favored for

eucalyptus plantations.

The Gibe, Gojeb and Omo gorges are relatively unjawsed and support a cover of open
woodland and bush land with grasses though in atilesareas, such as where the Addis Ababa

to Jima road crosses the Gibe Gorge, woodlandseang cleared for charcoal.

The eastern catchment boundary has some of thedensely populated and intensively farmed
areas in the country, let alone the Basin. The Griegea in the North and welayita sodo in the
south is dominated by a farming system based oet.ens

South of Sodo towards Sawla the landscape is oimggbf mountains with broad valleys which

are less intensively cultivated.

The south of the Basin, generally south of a lireenf Bonga to Chida and on to Waka in the
west and east of the Omo River, is more sparsgbylpted with a greater proportion of natural

vegetation, though even here the high forest eafhgts being decimated at an alarming rate.

In the south-west, open combreturm woodland withiek grass cover dominates the lowland
with remnants of high forest and encroaching catton on higher ground. To the east of the
Omo River the vegetation is mainly open acacia dasd with a very thin grass cover. These
areas are populated by pastoralists who also gome scrops on the flood retreat of the Omo

and on stored soil moisture in other low lying area

The south most part of the Basin, the Omo dettaalygsaded greatly in recent years but is still
predominantly wetland and marsh with some areagasfsland. Again there is some cropping on
the retreating flood.
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3.5. Geology and soil type
3.5.1. Geology

The geology of the Omo-Gibe Basin can be dividadtat#vely in to five groups of rocks

according to their age relationships. These greues

* The pre-Cambrian crystalline basement rocks

* The early 'flood basalts’ of late Eocene to earlypbdé&ne age

« A transitional series of intercalated basaltic deldic volcanic of late Oligocene to
early Miocene age

» A series of felsic volcanics ranging from early kkoe to late Miocene in age

* The post-rift sediments and volcanics, of Poliocane Quaternary age

Approximately 11% of the Omo-gibe Basin is underlay Pre-cambrian metamorphic gneisses
consisting of felsic meta-sediments and mafic nvelaanics that represent the older ‘cratonic’
granite-gneiss terrain to the west and a youngeednic’ to the east. The younger oceanic
‘greenstones’ have been overthrust to the west ihet@lder craton.The main thrust zone, in the

Sharma region west of the lower Omo River is markgdntense shearing and cataclasis.

Approximately 80% of Omo-Gibe Basin is underlainrtiary volcanic rocks. Also the Basin

occupies the combined Omo and Usno rift valleysciiare failed north extension of the lake
Turkana-Ethiopian Rift system. In the north parttbé Basin, the rives have exploited the
extensive fault zones to cut deep gorges. The drouerial has been deposited in the lower

part of the Basin as a thick sequence of Quateralaryial deposits.
3.5.2. Sail type

The soils in the Omo-Gibe Basin are for the most parmeable and well drained. In the upper
and middle parts of the basin this is true of wakéopes near the catchment divide while the
valley bottoms have significant areas of less pabteesoils with impeded drainage. In the lower

Omo, the sedimentary floodplain is mostly charapger by poor drainage.

24



CHAPTER FOUR

4. Data Collection, Assembling and Gap-filling

41. Genera

According to the theories discussed in chapter thee basic data sets are necessary for the
modeling work. These are the meteorological daaf@ll, temperature, relative humidity and
sunshine hours), the hydrological (stream flow)adand the other data called catchment

physiographic data.

The WATBAL model requires meteorological and hydgital input data in a monthly time step
including rainfall, temperature, relative humidigynshine hours and monthly flow data at the
sub-basin outlet. Monthly cumulative rainfall, mearaximum and minimum temperatures,
mean relative humidity and mean sunshine hourswata compiled for all available stations in
the basin. Most of the meteorological stationsvitnich data were collected are located inside
the basin and some are located around it. Recagits of these stations vary from a few years

to more than 25 years.

Taking into account the length of record, contipat data, concurrent period of observation and
the distribution of stations in the sub-basin, ttyeflour meteorological stations are selected for
the study. The distribution of these stations wattie sub-basin is not even. Hence, the Thiessen
Polygon method was used to estimate the arealathamid minimize the error introduced by
spatial variability. The method is also used toineste temperature, relative humidity and
sunshine hours.

4.2. Hydrological data

Hydrological data were the leading data set inrgsearch work. Other sets of data were all

collected depending on the availability and sultabof data from the hydrological stations.
The hydrological data made available comes frofeiht source of area.

* From Ministries of water resource (MOWR), HydroloQgpartment, monthly flow data of

twenty two stations from 20 to 39 years have bedlected.
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» From different project reports which have been don€éOmo-Gibe river basin like Omo-

Gibe river basin integrated development master.plan

Even though more than 45 hydrometric stations aued in the basin, only 22 gauging stations
data were accessible from MoWR, Hydrology Departméor this study. The hydrometric
discharge data were available in each station ngnfyjom 20 to 39 years records. Summary of

hydrological data is shown in Table 4.1.
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Table4.1: Summary of Hydrological Da

)

S.no River Station(site) Reference castléﬁm @rrﬁg X-Coordinate| Y-Coordinate M'S?;g data Remark

1 Sokie Nr. Areka 92009 Sokie 103 358656.84 790827. | 23.86 filled & extendec
2 Ajancho Nr. Areka 92010 Sokie 306 358650.7 788H5 | 19.32 filled & extended
3 Great GHB | Nr. Abelt. 91001 Gibe 15746 343590.65 910002.34 0 filled

4 Wabi Nr. Wolki 91004 Wabe 1866 364528.81 912194.5| 21.59 filled

5 Megacha @ Gubre 91005 Gorombo 286 367810.29 %0239 | 26.89 filled

6 Gojeb Nr. Endber | 91007 Gorombo 109 378803.42 885y 4.55 filled

7 Gilgel G. Nr. Asen. 91008 Gilgel Gibe 2966 299284 857090.12 7.58 filled

8 Walga Nr. Wolki. 91010 Walga 1792 345832.95 924103 25.38 filled

9 Gojeb Nr. Shebe 91011 Gojeb 3577 210786.67 822833 | 10.61 filled

10 Seka Nr. Seka 91017 Gilgel Gibe 294 251754.16 0732.56 6.06 filled

11 Bidru Awa Nr. Sokuru | 91019 Gilgel Gibe 41 323/24 875793.14 11.36 filled & extende
12 Ghibie Nr. Baco 91020 Gibe 288.1 285699.27 10085 4.17 filled

13 Amara Nr.Shebak., 91021 Amara 68.8 294471.29 2702 10.61 filled

14 Werabesa Nr. Tolie 91022 Werabessa 234 329354.9932173.96 25 filled & extende
15 Kito Nr. Jimma 91023 Gilgel Gibe 85 260640.66/ 1B%0.16 21.59 filled

16 Awaitu @ Jimma 91024 Gilgel Gibe 72 260629.44 9F¥.62 16.67 filled

17 Woshi Nr. Dimbra | 91025 Sherma 47.5 170940.73  283M4 4.55 filled

18 Kulti Nr.Tedel. 91026 Walga 350 353580.09 932084 | 35.61 filled

19 Darghe Nr. Tedel. 91027 Walga 457.5 337050.66 8822.4 42.8 filled & extended
20 Bulbule Nr. Serbo 91032 Gilgel Gibe 526 288163.2 | 837228.89 29.17 filled & extended
21 Guma Nr. Andra. 92004 Guma 231.2 196243.91 123 1.89 filled

22 Dincha @ Bong 92005 Guma 443.7 199592.89 798852.| 4.55 Filled
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As shown in Figure 4.1 the distribution of the gaggstations within the basin is dense in the
northern part of the basin and on the other hardstuth western parts of the basin have very

low density.

Legend
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Figure4.1: Omc-Gibe River Gauging statio
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Most of the time, long term data for the design ptahning of water resource projects are not
always available. The only means is either to ektére short term data somehow or else to

generate the data with the properties of the hcgtbdata records.
4.2.1. Flow datainfilling and records extension

A number of stations in the basin have incomplet®ords. In order to make use of the partially
record data missing values need to be filled irusage. To fill the missing recorded stream flow
gauging data various methods are available. Theingissalues were filled with multiple station

correlation.

There are also some periods with missed and shagegrecords, and efforts were made to fill
the missed records and extend the short one foguke data for further analysis. In this report,
filling and extension of missed records were cdro@t by developing correlation between the
station with missed data and any of the nearbyosist which ever gives good correlation for
common data periodlable 4.2 shows regression equation used indilbh missed data and

extension of short record length of stations.

Table4.2:Regression equations used for filliand extension cmissed hydrological de

Missed River stations(Y) Nearby River Stations (X) | Correlation

cgefficient Equation Remark
r
River Name Id River Name Id )
Ajancho 92010 Sokie 92009 0.79 Y=0.498% filled &
extended
) . B filled &
Sokie 92009 Ajancho 92010 0.789 v=1.8£8% extended
Amara 91021 Ghibe Nr. Baco 91020 0.73 Y=1.121X+6.95Filled
Ghibe Nr. Baco 91020 Amara 91021 0.73 Y=0.654X-5.07 Filled
Awaitu @ Jimma 91024 Ghibe-Seka 91017 0.7 Y=0.186X Filled
Bidru awana Nr. | 91919 | Gojeb Nr. Endeber 91007 0.6 v=0.22x+0.228"€d &
Sekoru extended
G.gibe _ filled &
Bulbule 91032 | N cendabo 91008 | 0.9 Y=0.200X-0.256 | o
i 3 filled &
Darge 91027 Megech 91005 0.71 Y=0.515X+0.23
extended
Dincha 92005 Woshi 91025 0.74 Y=3.526X Filled
Woshi 91025 Dincha 92005 0.74 Y=0.268%X Filled

29



G.gibe

G.gibe @ Abelti 91001 | | “A<cendabo 91008 | 0.86 Y=3.645% Filled

G.gibe 91008 | G.gibe @ Abelti 91001 0.86 Y=0.524% Filled

Nr.Assendabo ) I ) )

GhibeSeka 91017  &:gibe 91008 | 0.82 Y=0.234%%° Filled
Nr.Assendabo

Gogeb Nr. Endeber 91007 Wabi 91004 0.86 Y=0.066X Filled

. G.gibe _ .

Gojeb shebe 91011 91008 | 0.74 Y=1.245X+11.71 Filled
Nr.Assendabo

Gumma 92004 Dincha 92005 0.74 Y=1.038% Filled

Kitto 91023 Awaitu @ Jimma 91024 0.76 Y=0.627X+@B68 Filled

Kulit 91026 Wabi 91004, 0.75 Y=0.227X* Filled

Megech 91005 Wabi 91004 0.92 Y=0.16FX Filled

Wabi 91004 Megech 91005 0.92 Y=8.127% Filled

Walga 91010 Wabi 91004 0.76 Y=0.093X Filled

Werabessa 91022 Walga 91010 0.6 Y:O.179X+2.0‘;ﬂled &

extended

4.3. Meteorological data

The second most important time series data nege$sarthis research is rainfall data. The
source of raw metrological data in Ethiopia is tNational Metrological Service Agency
(NMSA). A request for monthly rainfall data of 3@ars of period in addition monthly mean
temperature, relative humidity and sunshine houratthn data was made to the agency.
Following the approval of the agency’s higher affic monthly data of up to 25 years period
including many more stations that are not exactlgduin the model work were collected. Out of
the entire available automatic recording stationes¢ which are in or proximate to the
watersheds considered for the research work weeetsd. Accordingly a total of twenty four
rainfall stations were selected for use in theasdework. The location of these rainfall stations
is shown in Figure 4.2.
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Legend
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Figured.2: Locations of Rainfall Gauging static

The rainfall records that obtained from NMSA covee length of years from 1985 to 2006
depending on the available stream flow recordsiqudatr to catchment being considered. The
collected data stretched over these years to obidéguate match between the rainfall events
and the resulting stream flow records. A summaryhef rainfall stations with years of record
used in the thesis is given in Table 4.3.
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According to NMSA, the metrological parameters sashmonthly mean relative humidity (%)
are taken every six hours at 0600, 1200 and 1800 .GR&ximum and minimum air temperature

( C) and sunshine duration (Hr) are taken as an obdénput data for the model works.

Table4.3:Summary of the rainfall statio

S.no Station Name I('Sg;gg) I('Sgg:zge Elevation (m) E()g?azsu(s)g d :\j/l;ase(;] ) Remark
1 Sawula 6.32 36.88 1500.00 1985-2006 31.06 filled
2 Abelti 8.17 37.53 2050.00 1985-2006 6.44 filled
3 Assendabo 7.77 37.23 2400.00 1985-2006 6.82 dfille
4 Atnago 8.32 36.93 1850.00 1985-2006 7.95 filled
5 Babu 7.12 36.67 1880.00 1985-2006 6.44 filled
6 Bonga 7.22 36.23 1650.00 1985-2006 7.20 filled
7 Jimma 7.67 36.83 1725.00 1985-2006 5.30 filled
8 Kumbi 8.12 37.47 1980.00 1985-2006 9.85 filled
9 Meteso 7.43 36.88 2270.00 1985-2006 14.77 filled
10 Saja School 7.97 37.40 2100.00 1985-2006 15.15 illed f

11 Sekoru 7.92 37.40 2100.00 1985-2006 15.15 filled
12 Shebe 7.52 36.52 1635.00 1985-2006 11.74 filled
13 Wushwush 7.33 36.17 1950.00 1985-2006 4.17 dfille
14 Dilela 8.62 38.05 2400.00 1985-2006 2.27 filled
15 Ejaji 9.00 37.32 1900.00 1985-2006 4.17 filled
16 Gedo 9.05 37.43 2500.00 1985-2006 9.09 filled
17 Gibe Farm 8.23 37.58 1110.00 1985-2006 0.38 edfill
18 Hosana 7.55 37.87 2200.00 1985-2006 4.55 filled
19 Tibe 9.03 37.22 1680.00 1985-2006 4,17 filled
20 Wolkite 8.27 37.75 1550.00 1985-2006 14.02 dille
21 Bele 7.08 37.58 1200.00 1985-2006 2.27 filled
22 Wolaita 6.85 37.75 0.00 1985-2006 2.27 filled
23 Tikur Enchini = 8.78 37.63 2450.00 1985-2006 4.17 filled

24 Chencha 6.25 37.57 2680.00 1985-2006 31.82 dfille
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4.3.1. Homogeneity of recording stations
In order to fill the missed rainfall data, and telest representative meteorological stations,

checking homogeneity of group stations is essenfiaé homogeneity of the selected gauging
stations monthly rainfall records have been caroigicby non.dimensionalizing using equation:

(4.1)

"% 100

~l| oI

Pi=

Where:-
P;=Non dimensional Value of PP for the month i

P,=Over years averaged monthly precipitation fordtaion i

P =the over years average yearly precipitation efdtation
and plotted to compare the stations included inctiraputation of area rainfall with each other

as shown in Figure 4.3.
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Figure4.3: Homogeneit Test for areal rainfall statio

4.3.2. Consistency of recording stations

If the conditions relevant to the recording of anrgauge station have undergone a significant
change during the period of record, inconsistenould arise in the rainfall data of that station.
This inconsistency would be felt from the time ggnificant change took place. The checking

for inconsistency of a record is done by doublesmasve technique (Subramanya.K, 1998).

The accumulated totals of the gauge in questior@mgpared with the corresponding totals for a
representative group of nearby gauge. If a decaf@shge in the regime of the curve is observed
it should be corrected. However, as all the setestations in this study were consistent, there is
no need of further correction.
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Figure4.4: Consistency test graph for all the stat
The above graphs showed all points set on or fripnost the straight lines, which was plotted

for checking of consistency of rainfall, all statgwere consistence. Therefore, the stations did

not need further adjustment.
4.3.3. Rainfall data gap-filling

Before using the rainfall records of a stationsihecessary to first check the data for continuity
and consistency. The continuity of a record maybbeken with missing data due to many
reasons such as damage or fault in a rain gaugagdar period. The missing data can be
estimated by using the data of the neighboringostst

A number of methods have been proposed for estimaitsing rainfall data (Richard
H.McCuen, 1989).The station average method is itmplest method. The normal- ratio and
guadrant methods provide a weighted mean, withfadhmer basing the weights on the mean
annual rainfall at each gauge and the latter hawieights that depend on the distance between

the gauges where recorded data are available arbtht where a value is required.
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The station average method for filling missing detaconceptually the same as the station
average method for estimating a mean precipitafibic method may not be accurate when the
total annual rainfall at any of the n region gaud#ters from the annual rainfall at the point of
interest by more than 10%.

The normal-ratio method is conceptually simplediffers from the station-average method of
that the average annual rainfall is used in degivireights. If the total annual rainfall at any of
the m region gauges differs from the annual rdirgathe point of interest by more than 10%,
the normal- ratio method is preferable. Becauss thethod is more advanced than station
average method and simple, | considered this mdthrdiling missed rainfall data in this study.
The general formula for computing P is

_ Ny P, P, P, P
P=—(tttt+—  +- 1) (4.2)
MN; N, N3~ Np

Where:

Nx=Average annual precipitation at the missing data.

N1, N2, N3... Nn=Average annual precipitation at the adjacent site.

The selected, available and missed rainfall daiassts are shown in the Table 4.3.
4.4. Estimation of model input areal data

The areal input data for WATBAL model are rainfaiy temperature, relative humidity and
duration of sunshine hours. This section presdmssteps followed to calculate these areal data

sets taking the rainfall data as an example amdsalsnmarizes the result obtained.

A rain gauge records the rainfall at a single poliis point rainfall record has to be converted
to aerial rainfall. The average depth of precimtaiover the area under the area of consideration
is one of the most important parameter in hydraalganalysis.

The computation of average areal model input datg Ioe done by the following methods:

» Arithmetic average method:-When the rainfall isfarmly distributed over the area, the

average rainfall may be taken as the arithmeticameeof the recorded rainfall.
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» Thiessen polygon method: - Rainfall varies in istghand duration from place to place.
Hence the rainfall recorded by each rain gaugéstahould be weighted according to the
area it is assumed to represent.

* Isohytal method: - isohyets are a line joining pR®f equal rainfall intensities on a
rainfall map of the basin. An Isohytal map représean accurate picture of the rainfall
distribution over the basin. If the net work raihfstations within the storm area are
sufficiently dense, the Isohytal map will give aasenably accurate indication of the

rainfall distribution zones.

The sub-catchments in the basin considered for ttigsis work have one or more than one
rainfall-gauging stations within or in the vicinityf the boundary of their watershed. For
catchments having rainfall gauges more than onejssbn polygon method has been used to

compute the areal rainfall.
The method weighs each gauge in direct proportidhe area it represents of the total basin.

The area of influence of each gauge is obtainecblgtructing polygons determined by drawing

perpendicular bisectors to lines connecting theggaly using Arc view GIS soft ware.

By taking two sub-catchments, the Theissen gaugghtgedeveloped for sub-catchments with
more than one rainfall gauging stations are preseimt Table 4:4 and Figure 4.5 while the rest

are attached in appendix A.

Table 4.4 Theissen gauge weights for Gilgel-Gila: \Walga sub-catchments

Gilgei Gibe Sub-catchment Walga Sub-catchment
Rainfall Area Weight | Gauge Rainfall Area Weight | Gauge
S.no = stations (km?) Weight (%) S.no stations (km?) Weight (%)
Tikur
1 Jimma 951.76 33.88 1 Enchini 100.36 5.33
2 Assendabo | 774.06 27.55 2 Wolkite 688.80 36.55
3 Shebe 312.7 11.13 3 Gibe Farm | 21.53 1.14
4 Meteso 770.7 27.43 4 Dilela 1073.63 56.98
Total 2809.3 Total 1884.32
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CHAPTER FIVE

5. Methodology

This research work makes use of a hydrological madd regionalization to simulate runoff
from gauged and ungauged catchment of Omo-Gibe besin. The methods used include
review of previous studies on the basin, data cbiie from institutions such as Ministry of
water resource, National Meteorological Agency ata After collecting the necessary data for
the research, filling of missed data and qualitgadting have been made. Theissen polygon is
drawn at different sub catchments to determineatie@al model input data by using Arc view
GIS.

The approach of regionalization is applied to eaterthe flow of ungauged catchments. First;
the WATBAL model is calibrated against the obserdetharge to determine well performing
parameter sets of gauged catchments. Next, aoreip is made between the model parameters
(MPs) and physical catchment characteristics (P@&sptablish the regional model that serves
to estimate model parameters for ungauged catclsm&hen the WATBAL model is used to

simulate the discharges for ungauged catchments.
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Figure 5.1: Simplified flow chart of the methodojogidopted in the research
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5.1. Material Used
The materials used for this research are:-

Arc view GIS to obtain hydrological and physicatgmaeters and spatial information.
SWAT software to delineate the basin and sub bafsiine study area.

DEM data is used as an input data for SWAT sofwar

Hydrological data (stream flow data).

Meteorological data (Rainfall, Temperature, RHn&une hours).

WATBAL model.

LocClim model to extract temperature and sunshog data.

-~ o a0 oo

= @

SPSS statistical package for developing multipledr regression between model
parameters and physical catchment characteristics.

i. SWAT base flow filter model to separate base ffowm stream flow hydograph.
5.2.  Modd calibration

Any hydrological model must be proven for its rbllay, accuracy and predictive ability. At the
initial run the model probably will not give saastory result as the input data do not reflect the
real world with enough accuracy. Hence every hydroldgimadel requires adjustment of the
model parameter values, hydrological influences and st®s$n order to tune the model. The
reliability of the model can be improved by fine-tuning termeddeiocalibration’ or simply
‘calibration’.

The process of model calibration in order to idgntiie optimum model parameter set is done
either by manually or by computer-based automaticgdures. In manual calibration, the user
adjusts the parameters interactively in successivdel simulations. As this approach mainly
depends on the user’'s experience, only intelliggaps will be made through the parameter
space that will be an advantage. Some previousestymfoved that this method demonstrated
good model performance (Liden and Harlin, 2000)wkleer manual calibration is subjective
and the parameter derived may be prone to be bsodinvolvement of user’s experience. Also
the process is very time-consuming and it doeshao® clear point at which the calibration
process can be said to be completed. To overcoese tisadvantages, automatic calibration has

been pursued. In automatic calibration model patars@are adjusted automatically according to
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a specific search algorithm or optimization aldurit that considers numerical performance
measures for the goodness of fit. Further, autangtlibration is fast with respect to manual

calibration and the confidence of the model simafatan be explicitly stated.

Calibration of model parameters is done in thiglgtly combining manual trial-and-error and
automatic optimization methods through empiricadlgsis of monthly and annual runoff data.
The key model parameters are optimized with anmaatic optimising routine of the model

while the other model parameters are optimized ranuby trial and error. Statistical

relationship is used to reduce the error betweenotbserved and simulated runoff. Optimal
model parameters are rarely found on the firstngiteof automatic calibration. Consequently,
even when using such a method, it is best to comibiwvith an element of manual adjustment of

parameters.
5.3. Objectivefunctions

In model calibration, the model parameters haveetadjusted until the observed natural system
output and the simulated model output show an @abéplevel of agreement. The goodness of
fit is always evaluated through an objective fumetwhich is selected based on several criteria.
These criteria should be selected properly to ealdifferent aspects of the hydrograph. In this

study the criteria that were considered in selgdire objective function are as follows:

a) A good agreement between the average simulatedizsetved catchment runoff volume

(i.e. a good water balance);

?=1(Qsim,i - Qobs,i)

?:1 QObS,i

RVE = ( * 100%) (5.1)

Where:

RVE =average monthly error between the predictetanserved flow (mm/day),
Qsin=is the simulated flow,

Qobs =is the observed flow,

i =is the time step and

n =is the total number of time steps used durinidpiEion.

This objective function can vary betweenand -« but performs best when a value of O is
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generated since no difference between simulatedoasdrved discharge occurs. The relative
volume error between +5% and -5% indicate that rtiteelel performed well while relative
volume error between +5% and +10% or between -580-20% indicate that model perform
reasonably. However, at the same time the distabubf the discharge throughout the
calibration period can be completely wrong. Themefdhis criterion should always be used in

combination with another criterion that considérs dverall shape agreement.
b) A good overall agreement of the shape of the hyaag (The Nash-Sutcliffe coefficient)

The Nash-Sutcliffe coefficient (NS) is used to exé the overall agreement of the shape of the
simulated and observed hydrograph. NS measuresfticeency of the model by relating the
goodness of fit of the simulated data to the vaeaof the measured data. NS coefficient can be

defined according to the following equation:

?:1(Qsim,i - Qobs,i)2
Z?ﬂ(Qobs,i - Qobs,l)z

NS =1- (5.2)
Where:

NS= the Nash-Sutcliffe coefficient,

Qsin=is the simulated flow,

Qobs =is the observed flow,

I =is the time step and

n =is the total number of time steps used durinidpiion.

This objective function can vary between 1 amdand performs best when a value of 1 is
generated. Besides, due to frequent use of thiscobg function, it is known that when values

between 0.6 and 0.8 are generated, the model pesfimasonably well. Values between 0.8 and
0.9 indicate that the model performs very well amatles between 0.9 and 1 indicate that the

model performs extremely well.

c) The correlation coefficient (coefficient of determation), i.e., 7, describes the proportion of
the total variance in the observed data that caexpkined by the model. It ranges from 0.0

(poor model) to 1.0 (perfect model) and is given by
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2 _Cov@,0,)

050,

(5.3)

Where:
Cov (Q,Q) = the covariance of the observed and simulatedéheal) monthly flow,
os = the standard deviations of simulated(modeled)thig flow and
oo = the standard deviations of the observed morikbiy
54. Model validation

Calibrated model parameters can result in simulatithat satisfy goodness-of fit criteria, but
parameter values may not have any hydrological mgaalues of model parameters will be a
result of curve fitting. This is also reflected having different sets of parameters values
producing simulations which satisfy these critettais necessary to test if parameter values
reflect the underlying hydrological processes, aralnot a result of curve fitting. This is called
model. Use is made of the split-sample test inshusly. The split-sample test involves splitting
the available time series into two parts. One [aused to calibrate the model, and the second
part is used for testing (validating) if calibratpdrameters can produce simulations which
satisfy goodness-of-fit tests. In this study datafiom 1985 to 1996 is used for calibration while

data set from 1997 to 2006 is used for validation.
5.5. Processof regionalization

All rainfall-runoff models currently in use meredye approximations of real world hydrological
processes taking place at the catchment scale @mel of them are able to completely describe
these actual processes, which is also the casthdoWWATBAL model. However, in order to
simulate the rainfall-runoff transformation processvalues for WATBAL model parameters
have to be defined in some way. Since for the WATBAodel it is not possible to directly
determine the model parameter values, these vaieesiormally estimated through a model
calibration process by trying to fit the modmitput with observed discharge détlundecha,
2004). However, not at every catchment well obsdischarge data are available. Calibration
of the model is therefore difficult and predictioh discharge regimes must be associated with

some degree of uncertainty. Regionalization teaicpuld be applied to reduce the parameter
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uncertainty in predicting discharge regimes in waugal catchments. Several definitions of
regionalization are used in the literature, butemeggic definition as stated in Bloschl and
Sivapalan (1995) is used most often. Regionalimaigothe process of transferring information

from comparable catchments to the catchment ofaste

5.5.1. Approaches of regionalization

The choice of catchments from which informatiotrasferred is usually based on some sort of
similarity. A number of methods have been appliedniodeling ungauged basins such as

similarity of spatial proximity and similarity ofatchment characteristics (Deckers D, 2006).
a) Similarity of spatial proximity

Regarding the similarity of spatial proximity, thimethod is based on the rationale that
catchments that are close to each other will likelye a similar runoff regime since climate and
catchment conditions will often only vary margiyalh space. So the assumption is made that
catchments are highly homogeneous with respectopmgraphic and climatic properties.

Therefore a particular model approach and accompgmgalibrated model parameter values
from gauged catchments can be derived and appti¢deaungauged catchments in order to

predict the discharge regime because of this apprparameter uncertainty is reduced.
b) Similarity of catchment characteristics

With regard to the similarity of catchment charastes, the classical approach of
regionalization consists of three steps. The fitsp implies calibration of the chosen model
structure for a large number of catchments for Whsgufficiently long and informative
observations of discharge regimes are availables @dn be done using several criteria which
are to be established. Secondly, an attempt is raderive regression equations, which is the
most commonly used method, which predicts the mgdebhmeter values using one or a
combination of physical catchment characteristRS{s). Commonly for each model parameter
a separate equation is derived. Finally, paramedéres for the ungauged catchment can be
estimated using the regional model, which comprdbeti the established relationships between
PCCs and model parameters merged in the hydrologiodel, and a runoff prediction can be

made.
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So far the study has considered estimation of nipritbws of ungauged catchments. This is
relevant for most water resources planning and gemant problems. A common approach for
estimating time series of flows at ungauged siteshe extrapolation of flow records from

gauged sites. Catchments for which flow time semes to be estimated may not have
comparable gauged catchments hence prohibitingagotation. For such cases the use of a
rainfall-runoff model with regionalized parametenay be a feasible option. So, in this chapter
an attempt is made to develop relationship betwdenMPs and selected PCCs and other

techniques of regionalizing MPs is also explored.
5.6. Sdection of physical catchment characteristics

Problems occur in selecting catchment charactesistir descriptors for use in developing
methods to estimate flow characteristics of ungduggichments. A reasonable number of well
gauged catchments with good quality data of climbj@rology, physiographic, lithology and
geology should be available to derive PCCs (Mazvirba 2003). However prior to selection of
PCCs for regionalization, evaluation has to be damé¢here may be inter-dependency or inter-
correlation between different PCCs. Therefore dimpneary list of PCCs should be composed
based on the available data and the physical mgariithe model parameters. Then statistical
analysis should be performed to identify the higbbyrelated PCCs. This study took into
account that selected catchment characteristicslgtoe derived from sources that are readily
available to practicing hydrologists, i.e., majeHite imagery, and national databases. Selected

catchment characteristics are given Table 5.1.

Table 5.1: Catchment characteristics Selectedde in the study

Catchment Characteristic Description and Data Sourc

Means of monthly and annual rainfall Estimated fr@mm gauge data

Means of monthly and annual potential Derived from other meteorological data

evaporation

'V'ax'm“m’ average, and minimum CaU[Chmerf)erived from a digital elevation model(DEM
elevation

Longest flow path of the watershed Derived fromgaatal elevation model(DEM)
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Slope Derived from a digital elevation model(DEM

Proportions of the catchment with different

. ; Derived from GIS department of MOWRE
lithologies

Proportions of the catchment with different

Derived from GIS department of MOWRE
land cover types

Proportions of the catchment with different

. Derived from GIS department of MOWRE
Solil types

5.7. Regression analysis

The relation between WATBAL model parameters andC®@llows us to understand and
perhaps quantitatively predict how a change in glayproperties of a catchment will affect its
hydrological response. In order to set up a rediomadel to predict the model parameters in
ungauged catchments, a statistically significamt bydrologically meaning full relation should
be established between PCCs and calibrated MPsr A&termining the MPs through model
calibration and selection of physical catchmentratiristics, a method for establishing the
relationship is applied (Perera U, 2009). The mestnmonly used approach is through

regression analysis and this approach is usedsrstidy as well.

A regression analysis is the application of a stigil procedure for determining a relationship
between variables (Haan, 2002). In this procedure wariable is expressed as a function of
other variables. The variable to be determine@iisméd as the dependent variable while others
are called the independent variables. In this st@s were taken as dependent variable and

PCCs were taken as independent variables.

With respect to regionalization two type of regressmethods are applied. One is simple
regression method, which tries to determine aiogiahip between one independent variable and
a dependent variable. The other type is calledipleltegression method, which tries to assess
multiple independent variables to explain the dejpenh variable. This approach is used in this
study.

The model for a simple regression reads:

Y ' =Bo+p1 X1 (5.4)
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The model for a multiple regression reads:

Y'=Bo+B1X1+p2X2+B3 X st n Xy (5.5)
Where:
B1, B2, B3 ---Bn regression coefficients
X1, X2, X3 ...Xn Independent variables (catchment charactes)sti
Y’ Dependent variables (model parameters)
Bo Intercept of the regression line

A problem in this study is the limited number ofadable gauged catchments. In principle
increasing the number of catchment will increagerdtiability and the efficiency of the regional
model. It is noted that in this study gauged cathi®: with RVE in between +10% and -10%,

NS value greater than 0.6 arfd/alue greater than 0.7 are used to establistetfiemal model.
5.7.1. Test significance and strength

When determining the regression equation, a hygsithtest has to be applied in order to
determine if the equation is significant. Severgbdthesis tests are possible, but for each test,
assumptions have to be made. Multiple regressiomsésl to predict model parameters from
several independent catchment characteristicsnmqatiion of catchment characteristics will be
by avoiding catchment characteristics that areljighrrelated. The Ris not the only measure
to rely on but also significance of the relatiorshia be tested. In this study, significance of

multiple regression equations is tested by a tesverall significance of regression questions.

A test of the overall significance of regressionocamts to testing the hypothesis that all the true
regression coefficients are zero and that, theeefoone of the independent variables helps
explain the variation of the dependant one. Ovesalhificance of correlation coefficient is
established with the help of F-test.

Y'=Bo+BiX1+B2X2+B3 X3+ ..BnXn (5.6)
Ho: B1=0, B 2 =0, B3=0... = 0 all the regression coefficients of model paramseand physical

catchment characteristics is zero (null hypothesis)

Hi: B1# 0,B2# 0, B3 # 0 ... By # O all the regression coefficients of model pararseand
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physical catchment chrematistics are not zero (Bpdxypothesis reject the null hypothesis).

If Fer > FRa the null hypothesis is accepted (parameter is associated with catchment

characteristics in the population)

If Fer < Rea nUll hypothesis is rejected (parameter is assediatth catchment characteristics in

the population)
Where:

Fer is critical T-value determined from F-table (Kohld994) depending on the denominator,

degree of freedom (n-m-1 where n number of sarmgidsm number independent variables).
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CHAPTER SIX

6. Results and Discussion

6.1. Comparison of modeled and observed monthly flows

Since it is difficult to estimate values of modargmeters from the field measurements, all the
model ranging from parsimonious lumped to complestridbuted physically based need to be
calibrated. The WATBAL model was calibrated agaitis# observed discharge and model
parameters are found through analysis of monthhoffu Within the model an automatic
optimizing routine can be utilized to calibrategfrmodel parameters and the models use a
statistical relationship to reduce the error betwée observed and simulated runoff. In this
paper the calibrated model parameters deemed émd®ptable if it fulfills the criteria listed in
section 5.3 (i.e., Nash-Sutcliffe coefficient, N&ater or equal to 0.6, relative volume error,
RVE between -10% and +10% and coefficient of deieation, f greater than 0.7).There are 16
catchments that fulfilled these criteria duringilwation period (Appendix C). The rest 6
catchments generate poor model efficiencies ducagration and are left in the modeling
work. The calibrated model parameters, the modaieficies and model parameters fixed for
all model runs during calibration and validatiorripds are shown in Table 6.1, Table 6.2 and

Table 6.3 respectively.

Table 6.1: Calibrated model parameters for gaugéthments, period (1985-2006)

. SSRC .
Sub- Area Alpha,a Epsilon, ! Base flow _ Latitude
Catchments = (Km?) Sma(M) (mm/day) ¢ gamma, Beta,p (mm/day) Zi (deg, north)
Amara 68.80 78531  9.5218 49370 2.0 0.0030  0.0213 0 9.118
Nr.Shebako

?I"ﬁ]tg at 7200 604.46  2.7168 8.6326 2.0 0.0010  0.0019 0 7.730
Bidru

Awana Nr. | 39.72 1115.88  4.4640 45850 2.0 0.0020  0.0195 C 7.88
Sokuru

gg'rz‘é'e NI 95268 713.02 10.4316 7.2568 2.0 0.0020  0.0017 ( 7.462
g'onncgh; al 93476  1299.08  64.0326 26066 2.0 0.0020 0.1374 5 ( 7.227
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Gilgel ghibie

N 2809.28 866.14  1.5574 5.6526 2.0 0.0030  0.0158 ¢ 7.623
Assendabo
ggé%e NI o844 212628  0.9667 47489 2.0 0.0020  0.0243 € 9.200
SQI'(ZQ Nl 28040 126141  1.4680 50410 2.0 00010  0.0222 ( 7.599
Gogeb Nr. o5 g 97521  9.8434 3.0770 2.0 0.0150  0.0239 0 7.994
Endeber
Gojeb Shebe 3241.68 1208.14 2.6731 5.5996 2.0 0.0010.0037 0.45 7.545
GummanNr. 2.9 gy 63912 1.3490 53930 2.0 0.0032  0.0307 C 7.274
Andaracha
Kulti Nr. |

350.00 = 899.15  2.4501 44396 2.0 0.0020  0.0034 ¢ 9.118
Wolkete
Megech Nr. - o500 2650.36  0.5492 5.4878 2.0 0.1600  0.0353 ( 8.088
Gubere
Wabi Nr. 1567.40 465.98  8.1920 26610 2.0 0.0100  0.0292 (¢ 8.299
Wolkite
Walga Nr. g5/ 35 176036  0.2600 47142 20 0.0020 0.0001 5 ( 8.507
Walkite
}(}’f?gﬁ:sa 240.88 = 3426.09 0.4713 05878 2.0 0.1200  0.0006 (€ 8.621

Table 6.2: Model Efficiencies during calibrationdavalidation period

Calibration Validation

Sub-Catchments

RVE NS r? RVE NS r?
Amara Nr.Shebak -0.9C 0.6z 0.7¢ -5.74 0.71 0.7:
Awaitu at Jimm 4.6¢ 0.64 0.8( 1.07 0.6¢ 0.6¢
Bidru Awana Nr. Sokuru 2.53 0.70 0.83 0.12 0.64 50.6
Bulbule Nr. Serb -4 5¢ 0.62 0.8( -7.91 0.7t 0.7t
Dincha at Bong 2.3¢ 0.6¢ 0.8t 1.0z 0.82 0.77
Gilgel ghibie Nr. Assendabo 4.13 0.81 0.90 -9.22 0.87 0.84
Ghibe Nr. Bac 5.0¢ 0.61 0.7¢ -9.8¢ 0.7¢ 0.71
Ghibe Nr. Sek 4.8¢ 0.6t 0.8( -8.9¢ 0.7¢ 0.72
Gogeb Nr. Endeb 9.5¢ 0.67 0.81 -4.3¢t 0.7t 0.82
Gojeb Shek 7.3t 0.6¢ 0.8( -8.3( 0.7¢ 0.7¢
Gumma Nr. Andaracha 1.92 0.60 0.77 -5.86 0.67 0.65
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Kulti Nr. Wolkete 8.7¢ 0.7t 0.8¢ 8.07 0.77 0.81
Megech Nr. Gubere 2.62 0.60 0.77 -5.76 0.65 0.70
Wabi Nr. Wolkite -8.4% 0.7¢ 0.87 3.71 0.77 0.82
Walga Nr. Walkit: 4.8¢ 0.71 0.8¢ 5.21 0.6¢€ 0.7t
Werabessa Nr. Tolie 9.87 0.63 0.79 -4.31 0.78 0.67

The WATBAL model preserved the seasonal and intewsal variation of flows. There are some

peak flows that are not correctly simulated for sgyears by WATBAL model. This may cause

of thunderstorms, the total monthly rainfall canche to a few storms within a month that are

not captured by spare rain gauge networks. Hereak flows are not always correctly due to

inaccurate estimation of catchment rainfall. Thedelsimulated relatively accurately high dry

season flows (See Figure 6.1). By taking three catbhments, the monthly observed and

simulated flow hydrograph and scatter plot of aalilton are presented in Figure 6.1 and Figure

6.2 respectively while the rest are attached inelalix B1 and Appendix B3.
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Figure 6.1 Observed and simulated monthly flowrbgdaph of gauged catchments, calibration period

(1985-1996)
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In this study, the calibrated model is run for dation using the time series of hydro-
meteorological data that were not used for calibnatAll catchments that fulfilled the objective

function during calibration resulted similar figsreluring validation period (See Table 6.2
above). The model validation period runs from 19672006. The monthly observed and
simulated flow hydrograph and scatter plot are gme=d in Figure 6.3 and Figure 6.4 below
respectively for selected three sub-catchmentsdbdation period while the rest are attached in
Appendix B2 and Appendix B3.
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Figure 6.4: Scatter plot of observed and simuldisdharge for gauged catchments, validation Period
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6.2.  Senditivity of model parameters

To get a clear understanding of the model behawithn respect to the model outcome (i.e.
model hydrograph) a sensitivity analysis is perfedmEach of the six model parameters
contribute to conceptualizing the rainfall-runofbpesses which all together result in simulating
the hydrograph. Therefore if we change one of thdehparameters the hydrograph will change.
But every parameter does not contribute equal atafurhange to the hydrograph. When trying
to establish relationships between model paramatedsPCCs, it is most effective to investigate

the most sensitive model parameters. Furthermors, useful to understand the influence of
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change in model parameter values on the hydrogndpn evaluating the relationships. These
parameters are analyzed within +50% to -50% obhtenum value for three randomly selected
representative sub-catchments (Gilge Ghibie NreAdabo,Wabi and Walga) and are shown in

Figure 6.5.

As shown for selected three sub-catchments in EBigub, Haxis the most sensitive model
parameter and it varies non-linearly with respect\tS, RVE and 7 .The second sensitive
parameter is epsilon which also varies non-lineadlipha varies linearly and is the third
sensitive parameter while the rest model parametersless sensitive. In the regionalization

process the first three most sensitive parametersedected for this study.
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Walga sub-catchment
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Figure 6.5: Sensitivity analysis of Gilgel Ghibie.Mssendabo, Walga and Bidru Awana sub-catchments

6.3. Resultsof regionalization

6.3.1. Multipleregression

The following generalized equations were develdpeah watershed characteristics and their
rainfall-runoff models’ parameters for the constime of regional equation. The equations
relate three parameters of the rainfall- runoff gldd other measurable physical catchment

characteristics given in Table 5.1. The generahfof the equations is;

Simax = AAPPCPET?S¢LTE19 (6.1)
a = hA'P/PET*S'L™EI" (6.2)
£ = 0APPIPET"S°L'EI" (6.3)
Where:

Smax Maximum water holding capacity of a catchments jmm

a Sub-surface runoff coefficients (mm/day)

€ Surface runoff coefficients (unitless)

A Watershed drainage area (Rm

P Mean annual precipitation (mm)

PET Potential evapo-transpiration (mm)
S Slope (%)
Lon Longest flow path (m)
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El Mean watershed elevation (m)

And a to u are coefficients to be derived by mistiggression techniques

Table 6.3: PCCs and MPs used in the multiple raegyas

Sub-

Catchments Area
Amara

Nr.Shebako 68.800
Awaituat 2, 5
Jimma

Bidru

Awana Nr. 39.720
Sokuru

Bulbule Nr.

Serbo 252.680
Dincha at 234760
Bonga

Gilgel

ghibie Nr.  2809.280
Assendabo

S;"C%e Nr- 282 440
Sgli(ge Nr- 280.400
SN 67200
Soeh 3241.680
U 77300
W s
2;”5822‘ NF 286.000
wﬁﬁ!it'\e”' 1567.400
wz:gﬁ‘e'\"' 1884.320
m??(z?essa 240.880

P

1232.091

1502.07¢

1319.94¢

1663.901

1759.987

1471.02¢

1232.091

1526.43¢

1353.847

1643.36¢

1680.48(

1232.091

1353.84:

1219.25

1240.69¢

1619.15¢

PET

961.593

1530.674

1572.010

1665.954

1664.477

1504.362

1517.550

1550.743

1355.513

1481.697

1682.553

1233.611

1355.513

1220.755

1242.227

1621.152

Slope

10.869

8.467

11.531

8.502

9.925

6.654

6.796

5.310

3.059

8.056

7.816

10.869

4.218

7.080

3.800

4.758

Lon

13650.967

11029.646

11290.762

10212.578

18505.382

10105.766

9825.031

10341.233

14683.725

10185.494

9047.699

14650.967

13577.419

13973.443

12560.846

10759.106

El

1809.000

2060.000

2070.333

2043.222

2183.429

1955.524

2179.000

2029.391

2080.333

2015.638

1845.923

1809.000

2479.320

1959.027

2247.511

2680.273

e

785.315

604.462

1115.876

713.019

1299.076

866.140

2126.284

1261.405

975.207

1208.143

639.116

899.145

2659.361

465.981

1760.356

3426.094

Alpha = Epsilon

9.522 374.9

2.717 338.6

4.4645854

10.432577.

64.038072

1.557 535.6

0.967 494.7

1.4680415.

9.843 773.0

2.6736005.

1.349 35.39

2.4504404.

0.5494885.

8.192 612.6

0.2607144.

0.4715889.
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From relations in Equation 6.1 to 6.3 we obsenat the numbers of independent parameters are
six while the number of observations of the depahdeariable in our case is twenty one.
According to Haan (1977), the number of observatishould be more than 3 to 4 times the
number of independent parameters. Hence the dateawesis well within this recommendation,

and we can proceed in the regression analyses.

The regional models for predicting the hydrologicatiables were developed by multiple linear
regressions using the standard statistical pacB&®S enter method in which all variables in the

block are entered into the equation as a group éAgix E).

A logarithmic transformation was used for both degent and independent variables, since this
improved the linear association between them. diesin the multiple regression analysis were
included according to standard statistical textaa(t] 1977). The coefficient of determinatieh

is used as a measure of the association of thables. The regional regression equations
developed for each of the model parameters arengiwethe following along with the
corresponding coefficient of determinatiBA The independent variables finally used and given
in each of the following regression equations heevariables which play significant role (at the

95% confidence level) in explaining the spatialia@on in the associated dependent variable.

The regression equations for model parameters foyride above mentioned method are:

Smax = 2.96 % 107104%010 0404 p 0413 g0.112) ~0302 5489 ity R = 0,72 (6.4)
@ =137 x 10144702 p3618pp 165360505 4718 py-6449  \yith B = (.76 (6.5)
e =7096 % A—0.063P1.391PET—1.63850.226L—1.725Ell.998 ’ with ﬁ: 0.76 (66)

These equations contain six PCCs and their expsniewlicate that, aax increases with
increasing A, S and El but decreases with incrgasinP, PET and L. Alpha increases with
increasing in P, PET, E and L and decreases witleasing A and El. The last parameter epsilon
increases with increasing in P, S and El but dee®awith increasing in A, PET and L.
However the last three PCCs in Table 6.1 are excluded in the regionalization process due to
poor data quality. The developed regional equations show values efjial to 0.72, 0.76 and
0.76 for Shax a and € respectively while values of k, equal to 3.93, 4.66 and 4.84 for.g o

and € respectively from the ANOVA table (Appendix E). But value ofF. from F-table is 3.37
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which is less than allcf values The above equations together with Table 6.1, th&te model

parameter, form regional rainfall runoff model ain® Gibe river basin.

6.3.2. Validation of regional model

Since the purpose of regionalization is to estinmadelel parameters of ungauged catchments the
performance of the regional model should be asddsgeomparing the predicted and observed
responses from gauged test catchments. In thiy stalitiation of the regional model is done
using the validation period 1997 to 2006 of simedagjauged catchments.

The established regional model was used to estithatenodel parameters of gauged catchment
using their PCCs. Next the discharge was simulbtesid on the estimated parameter and the
model performance with respect to NS, RVE afAdwas evaluated. Table 6.4 shows the
parameters derived from the regional model andrtbdel performances and it indicates that the

model performs reasonably with respect to RVE a8d N

Table 6.4: Validation of the regional model of gadgatchments from1997 t02006

Sub-Catchments RVE NS F

Amara Nr.Shebako -3.13 0.66 0.73
Awaitu at Jimma 8.56 0.75 0.7
Bidru Awana Nr. Sokuru -9.07 0.63 0.65
Bulbule Nr. Serbo -33.72 0.64 0.69
Dincha at Bonga -1.16 0.82 0.77
Gilgel ghibie Nr. Assendabo -8.3 0.87 0.85
Ghibe Nr. Baco -9.46 0.55 0.64
Ghibe Nr. Seka 0.28 0.8 0.75
Gogeb Nr. Endeber -21.58 0.7 0.82
Gojeb Shebe 5.86 0.66 0.75
Gumma Nr. Andaracha 6.51 0.69 0.66
Kulti Nr. Wolkete 8.16 0.31 0.8
Megech Nr. Gubere 4.67 0.65 0.7
Wabi Nr. Wolkite -33.32 0.63 0.83
Walga Nr. Walkite 25.21 0.66 0.76
Werabessa Nr. Tolie -1.46 0.78 0.67
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6.3.3. Spatial proximity

The regression method is the most widely used nedjization technique but alternative methods
are in use. The choice of catchments from whicbrimftion is to be transferred is usually based
on some sort of similarity measure, i.e. one tetmdshoose those catchments that are most
similar to the site of interest. One common sinitjyameasure is spatial proximity, based on the
rationale that catchments that are close to edwdr @till have a similar runoff regime as climate
and catchment conditions will only vary smoothlysipace. In this approach the complete set of
model parameters is usually transferred from onemore gauged catchments to ungauged
catchments, while in the regression the parametersregionalized independently from each
other. In this study parameter values derived fanggd catchment in upstream areas were
transferred to downstream areas of ungauged catth@iso catchments which are not gauged
or failed to be simulated were given parametemhfeoneighboring catchment. Figure 6.6 shows

the catchment relation layout based on the spattedimity method.
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Figure 6.6: Catchments relation layout in spatialkimity method
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6.3.4. Arearatio

This method considers only catchment areas by asguimt the catchment area is the dominant
factor that controls the volume of water as produlog rainfall. The simulated annual average

runoff in gauged catchments showed correlation \Withof 86.8% for catchment area (Figure

6.7).

y =0.014x + 0.082
R?=0.868

70

Q (m3/s)

0 500 1000 1500 2000 2500 3000 3500
Area (km2)

Figure 6.7: Annual average runoff with respectatchment area for gauged catchment from 1985 t6 200

Hence parameter sets of gauged catchments wersfen@d to ungauged catchments of
comparable area. Figure 6.8 shows the catchmeaiiarelayout based on the area ratio.
6.3.5. Sub-basin mean

The sub-basin mean represents the arithmetic m@amgnd Kaluarachchi, 2008) of calibrated

parameter set of 16 catchments to simulate thefilom ungauged catchments.
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6.3.6. Performance of regionalization methods

The performance of the regionalization methods rssgnted in terms of their cumulative

distribution functions (CDFs) where the NS values the 16 catchments are summarized
(Figure 6.9). The scatter plots in Figure 6.10 atempare the NS values between various
regionalization methods and show the number ofhcagnts where one regionalization method
is significantly better than the other. The regi@aion results are generally poorer than other
similar studies, most likely because of the higieenporal and spatial variability in dataset used
here.

The median NS values for the four regionalizatioethmds show that multiple regression
method (MR) performs best among the other reginaatin methods. The area ratio method
(AR) generally performs slightly better than thé-asin mean (SM) while the spatial proximity
method (SP) performs the least (Figure 6.9 andrEiguL0).

1.0 T T T T T T
I I |
0.9 B R
| | |
0.8 L R
| | |
0.7 I Y
0.6 MR
9 0.5 == ——gp
0.4 AR
03
—SM
0.2 N
| —cC
0.1
0.0

Percentage of catchments where NS exceeded

Figure 6.9: Accumulation curves summarizing thetN8stcliffe Efficiency (NSE) for regionalization

(MR is multiple regression method, SP is spatiakjmity method, AR is area ratio method, SM is-sub
basin mean method, C is calibration)
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CHAPTER SEVEN

7. Conclusion and Recommendation

7.1. Conclusion

In this research, attempt is made to determine MBdeameters required for estimating monthly
flow for gauged and ungauged watersheds in Omo-@imx basin. Besides, efforts are also
made to develop regional model which would enabléouelate some of the parameters to basin
characteristics using regression analysis. A walatiip between gauged and ungauged

catchments is also made using the methods of spabiemity, area-ratio and sub-basin mean

Thus, based on the applied methodology and resbilisined, the following conclusions are

drawn:

» During model calibration and validation period, argdhe available 22 sub-catchments that
are considered for the purpose of rainfall-runoffdaling, 16 sub-catchments fulfilled the set
objective functions (See Sec. 5.2), but 6 sub-cagstts failed. Thus, the model efficiency is
reliable for 73% of the total sub-catchments coasd in the study.

* The failure of some of the sub-catchments is exjukedb be due to quality of hydro-
metrological and physiographic data in additioedaifinality problem.

* The sensitivity analysis of the model parametedicates that maximum water holding
capacity ($ax, sub-surface runoff parameter)(and surface runoff parametes) @re the
most sensitive parameters.

« The developed regional equations show values’@fjRal to 0.72, 0.76, 0.76 and values of
Fearequal to 3.93, 4.66, 4.84 fof,5 o and € respectively but value of Fr is 3.37 which is
less than all & values Thus the strength and overall significance of the regjogsequations
are good.

* The validation of regional equation indicates tiat model performs reasonably with respect
to RVE and NS.

* The comparisons of the regionalization methodscetei that MR performs the best among

other methods. The AR performs slightly better ttrenSM while SP performs the least.
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In conclusion, the WATBAL model is found to be sédctory for estimation monthly flow of

ungauged catchments.

7.2.

Recommendation

The following recommendations are made on the basighe foregoing conclusion and

discussion:

In order to deal with the problem of equifinality other attempts of regionalizing the
WATBAL model, the concept of a unique best-fit mbdeuld be abandoned.

One must take close observation to the similarityhe watershed to those used in the
research work. As this research has been condustedatershed sizes ranging from
39.7knfto 3241.68km it is also recommended that the model be usdumthis range.
The sub catchments used in the modeling work as@dan the northern and north
western parts of the basin; however, there areepoesentative sub-catchments in the
southern and south western part of the basin yethér, there is considerable variation
in PCCs from northwards to southwards. Hence, lec@mmended that the developed
regional equation be used in northern and northemeparts.

In order to determine which aspect of the hydrogrdqge WATBAL model has difficulty
with in appropriately simulating, it is recommendeedcalibrate the WATBAL model
separately for each objective functions.

A study of more advanced automatic model calibretezhniques could be useful.
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Appendices

Appendix A Thiessen Polygon Developed for Selected Sub Catotsme

Dincha Sub-catchment Bulbul Sub-catchment
Area
Rainfall Weight Gauge Rainfall Area Weight Gauge
S.no  stations (km2) Weight (%) S.no | stations (km2) Weight (%)
1 Bonga 36.26 18.266 1 Assendabo 1.476 0.584243699
2 Wushwush | 198.50 84.555 2 Meteso 251.204 99.4157563
Total 234.8 Total 252.7
®
Assendabo!
® Rainfall Sta.dbf
e Rainfall Sta.dbf Gauge weight
Gauge Weight M Il Assendabo o
mm Babu A Il Meteso A
mm Bonga
Bon
o]

Babu|
]

0255 10Kilometers

{ S A}

Developed Thiessen Polygon for Dincha sub-catchment

Meteso
[ ]

0L’-Ei_a—ﬁzsu%(iIc:m‘:-zters

Developed Thiessen Polygon for Bulbul sub-catchment
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Gojeb-shebe Sub-
Gibe-Seka Sub-catchment catchment
Rainfall Area Weight Gauge Rainfall Area Weight | Gauge
S.no | stations (km2) Weight (%) S.no stations (km2) Weight (%)
1 Jimma 130.48 34.253 1 Wushwush = 1977.07 60.989
2 Shebe 250.44 65.747 2 Shebe 1264.61 39.011
Total 380.9 Total 3241.7

@ Rainfall Sta.dbf

Gauge weight N "
== Jimma A o Rainfall Sta.dbf A
I Shebe Gauge weight

B Shebe

I Wushwush

Jimma
®

Wushwush
.Shebe ®

0:4:81&2%(ilometers
Ao i3 1?<ilometers

Developed Thiessen polygon for Gibe-seka sub catchment Developed Thiessen Polygon for Gojeb-shebe sub-catchment
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Wabi Sub-catchment

Werabessa Sub-catchment

Gauge
Rainfall Area Weight Gauge Rainfall Area Weight Weight
Sno  stations (km?) Weight (%) Sno  stations (km?) (%)
Tikur
1 Wolkite 640.79 40.882 Enchini 201.14 83.50
2 Dilela 926.61 59.118 Gibe Farm | 39.74 16.50
Total 1567.4 Total 240.9
N Tikur Enchini
°
@ Rainfall Sta.dbf ) A @ Rainfall Sta.dbf
Gauge weight .Dllela Gauge weight
N
B Dilela I Gibe Farm A
W \Wolkite I Tikur Enchini

M?(ilometers

Developed Thiessen Polygon for Wabi sub-catchment

C.!.;3-E?—.E':?.J%(l’lometers Gibe Farm
®

Developed Thiessen Polygon for Werabessa sub-catchment
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Gumma Sub-catchment

Rainfall Area Weight Gauge Weight
S.no | stations (km2) (%)
1 Babu 36.26 4.70
2 Bonga 507.50 65.76
3 Wushwush | 228.0 29.55
Total 771.8

o Rainfall Sta.dbf

mm Babu

[ Bonga
mm Wushwush

C2:‘—821ﬂ?(ilometers

Developed Thiessen Polygon for Gumma sub-catchment
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Appendix Bl Observed and simulated monthly flow hydrographafged catchments, calibration

1996)

period (1985

——observed

——Modeled

Amara Nr shebako

(s/gw) youny

96-unr

S6-Inr

v6-Inr

€6-3ny

88-1°0

L8-NON

98-AON

§8-2°d

¥8-9°d

——Observed

——Modeled

Awaitu at Jimma

(s/gw) gouny

96-unr

se-Inr

v6-Inf

€6-3ny

88-10

L8-NON

98-AON

§8-2°d

¥8-9°d

——Observed

——Modeled

Bulbule Nr. Serbo

(s/gw) yyouny

96-unr

se-Inr

v6-Inf

€6-3ny

88-10

L8-NON

98-AON

§8-2°d

¥8-5°d

——Observed

——Modeled

Dincha at Bonga

(s/gw) youny

96-unf

se-Inr

ve-Inr

€6-Sny

88-1°0

L8-N\ON

98-AON

§8-2°d

¥8-2°d

76



——observed

——Modeled

Ghibe Nr. Baco

(s/gw) youny

96-unf

S6-Inr

v6-Inr

€6-3ny

76-8ny

16-das

06-das

68-1°0

88-1°0

L8-NON

98-AON

§8-22d

¥8-92d

Month

ael
()
>
—
S Loy
1%}
o)
o
o
- ——
()
©
o
> |
_
L__1
_
p _
x _
wit-
r- _
= |
e N“_
o T
< | |
(G] [ _
| |
T T
o wn o
o — i
(s/¢w) yyouny

96-unf

S6-Inr

ve-Inr

€6-Sny

88-10

L8-N\ON

98-AON

§8-233d

¥8-9°d

——observed

in
"\

\\\\\\\ S «

A

——Modeled
T
|
|
|
|
|
Al
AN AN A
A A

I\

Qo L |
S W
< §

wv

o0 A |

2 _

S —

U] J
o o o o o
o o o o
< on o i

(s/gw) yyouny

96-unf
s6-Inf
v6-Inf
€6-3ny
¢6-8ny
16-das
S
06-d3s §
68-10
88-100
L8-NON
98-NON
§8-02@

¥8-9°d

——observed

——Modeled

Gumma Nr. Andaracha

[ [

[
s e S - S

[ [ ,

| | |

[ [ [

, |
L e

[ | [

[ | [

[ [ [

| | |
Lo = _

|

[ [ ,

[ [ [

| | ,

[ |
S S .

[ ,

[ |

[ | [

[ | |
Lo p—

[ | |

[ |

[ | |

[ [ [

, | ,
I S S £

[

[ [

[ [ ,

| | |
I G N

|

[ ,

[ |

[ | |

[ | [
R JUN S

[

[

[ [ [

[ [ [
Lo L

[ ,

[ | [

, | ,
F-—a———t—————

| |

[

[ | [

[ [ [
L d L

| [ |

[ [

| |

[ [ ,

, | ,
e e it b

[

| |

[ |

[ | [

| I |

T T

(s/gw) ygouny

96-unf

se-Inr

v6-Inr

€6-3ny

76-8ny

16-das

06-das

68-10

88-R0

L8-NON

98-AON

§8-23d

¥8-9°d

Month

77



——observed

——Modeled

Kulti Nr. Wolkete

(s/gw) youny

96-unr

S6-Inr

v6-Inf

€6-3ny

76-8ny

16-das

onth

06-das

M

68-1°0

88-10

L8-NON

98-AON

§8-233

¥8-9°d

——observed

——Modeled

Megech Nr. Gubere

(s/gw) youny

96-unf

se-Inr

v6-Inf

€6-3ny

76-8ny

16-das

h

06-das

Mont

68-10

88-10

L8-NON

98-AON

§8-2°2d

¥8-9°d

ﬁ
,
=
,
,
o] |
) ,
> [
G
8
s
_ |
I —
,
[
-1
Q
[ e
bl
o I
s [ T
[ T
[ T
_ s s it
[
,
[
!
I
L
o
[
R
[
[
[
[
e e
[
[
[
[
) I
e e
=\
@] I
=
o
=2
©
oo
=
o
o
—
(s/gw) yyouny

90-Inr

S0-Sny

¥0-8ny

€0-das

go-dss

T0-10O

00-30

66-"ON

86-NON

£6-9°d

96-9°d

Month

[
,
W
2 , I
g , I
£l =
2 | , I
2 | , I ,
| [ I ,
[ =
| o | =
L
| , I ,
T A
IR
8 | [ I
S Lo~
| [
| | | ,
; | , I
| [ I ,
I
| | |
| , | |
| [ I [
I N
[ e :
| I T
| , I ,
| , I ,
IR
| [ I
| | |
| , | ,
| [ I [
N R
| , I
.
L , I ,
o |
il [ I ,
o | |
=
@© | , I
v | I |
%_ I |
o
o
(]
| , I
= [ I ,
| | | |
| | | |
g m g w o
(s/gw) youny

96-unr

S6-Inr

v6-Inr

€6-8ny

76-8ny

16-das

onth

06-das

M

68-10

88-1°0

L8-NON

98-AON

§8-2°d

¥8-5°d

78



Appendix B2:0Observed and simulated monthly flow hydrographaxfged catchments, validation
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Appendix B3 Scatter plots of observed and simulated dischanggduged catchments, calibration

Period (1985-1996)
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Appendix B4 Scatter plots of observed and simulated dischanggeuged catchments, validation
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Appendix C:Main Sub basins of Omo-Gibe and selected sub-cantsin the modeling work
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Appendix D:Prepared Input Data for WATBAL model (Stream fldRainfall, Temperature,

Station Name: Amara Nr.Shebako

Station Number: 091021

Sunshine Hrs and Relative Humidity)

Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.124 | 0.070 | 0.049 | 0.076 | 0.493 | 1.627 | 5.714 | 7.357 | 6.489 | 1.863 | 0.820 | 0.220
1986 | 0.198 | 0.162 | 0.203 | 0.213 | 0.181 | 1.548 | 3.559 | 3.976 | 5.029 | 2.583 | 0.979 | 0.683
1987 | 0.439 | 0.264 | 0.290 | 0.217 | 0.437 | 0.772 | 1.661 | 4.004 | 2.708 | 2.110 | 0.951 | 0.605
1988 | 0.465 | 0.325 | 0.136 | 0.100 | 0.158 | 0.635 | 1.481 | 3.515 | 3.082 | 2.291 | 0.642 | 0.635
1989 | 0.862 | 0.592 | 0.468 | 0.474 | 0.439 | 0.764 | 2.530 | 4910 | 4.429 | 2.125 | 1.025 | 0.815
1990 | 0.518 | 0.408 | 0.513 | 0.368 | 0.382 | 1.219 | 5.190 | 11.740 | 4.493 | 2.130 | 1.001 | 0.686
1991 | 0.511 | 0.433 | 0.430 | 0.260 | 0.417 | 0.770 | 2.896 | 5.598 | 4.750 | 1.450 | 0.846 | 0.640
1992 | 0.535 | 0.488 | 0.360 | 0.457 | 0.496 | 0.727 | 2.385 | 11.951 | 5.976 | 5.173 | 1.874 | 1.113
1993 | 0.798 | 0.325 | 0.556 | 1.006 | 1.544 | 2.756 | 5.849 | 14.150 | 9.922 | 2.664 | 1.624 | 0.634
1994 | 0.903 | 0.657 | 0.671 | 0.580 | 0.832 | 0.745 | 5963 | 9.813 | 9.121 | 2.184 | 1.211 | 0.865
1995 | 0.903 | 0.555 | 0.497 | 0.628 | 0.740 | 0.797 | 1.574 | 7.486 | 4.079 | 1.726 | 1.139 | 0.887
1996 | 0.866 | 0.704 | 0.744 | 0.604 | 1.203 | 2.212 | 4.937 | 7.253 | 3.716 | 2.194 | 1.260 | 0.900
1997 | 0.139 | 0.081 | 0.065 | 0.061 | 0.776 | 0.586 | 5.894 | 7.810 | 8.773 | 5.215 | 1.171 | 0.629
1998 | 0.247 | 0.156 | 0.127 | 0.061 | 0.315 | 0.937 | 8.109 | 7.011 | 9.951 | 4.892 | 1.368 | 0.461
1999 | 0.609 | 0.364 | 0.252 | 0.190 | 0.320 | 0.583 | 1.565 | 7.134 | 6.816 | 6.909 | 1.775 | 0.910
2000 | 0.583 | 0.350 | 0.246 | 0.401 | 0.403 | 0.879 | 1.557 | 9.002 | 9.457 | 5.166 | 2.157 | 0.915
2001 | 0.574 | 0.498 | 0.620 | 0.474 | 0.331 | 1.079 | 4.685 | 8.146 | 8.298 | 2.033 | 1.168 | 0.931
2002 | 0.543 | 0.290 | 0.271 | 0.339 | 0.182 | 0.668 | 2.131 | 4.668 | 8.143 | 3.746 | 1.871 | 0.526
2003 | 0.201 | 0.133 | 0.226 | 0.111 | 0.021 | 0.514 | 1.179 | 3.060 | 7.851 | 2.245 | 0.722 | 0.335
2004 | 0.465 | 0.313 | 0.137 | 0.099 | 0.157 | 0.635 | 4.525 | 6.770 | 7.361 | 7.019 | 1.968 | 0.948
2005 | 0.201 | 0.273 | 0.103 | 0.088 | 0.165 | 0.242 | 2.061 | 3.143 | 2.601 | 3.705 | 0.885 | 0.424
2006 | 0.141 | 0.388 | 0.391 | 0.102 | 0.064 | 0.132 | 1.149 | 4.713 | 7.204 | 5.342 | 2.127 | 0.888
Avg. 0.492 0356 0.334 0.314 0457 0947 3482 6964 6375 3398 1299 0.711
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG SEP OCT NOV | DEC
1985 | 0.329 | 0.000 | 0.599 | 2.576 | 7.105 | 5.878 | 7.046 | 7.385 | 7.697 | 1.622 | 0.066 | 0.099
1986 | 0.000 | 0.266 | 2.125 | 2.536 | 1.132 | 10.819 | 7.977 | 5.365 | 4.954 | 1.901 | 0.253 | 0.250
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1987 | 0.339 | 0.457 | 1.885 | 2.947 | 5.289 | 8.428 | 6.487 | 8980 | 8.760 | 3.188 | 0.181 | 0.510
1988 | 0.595 | 1.391 | 0.697 | 1.250 | 3.184 | 6.405 | 6.569 | 5.286 | 4.753 | 3.980 | 0.214 | 0.072
1989 | 0.188 | 0.250 | 4.332 | 1.434 | 2.500 | 5.842 | 7.612 | 14.612 | 0.664 | 4.030 | 0.000 | 3.151
1990 | 0.112 | 1.007 | 3.135 | 2.786 | 4.095 | 8184 | 0.000 | 8.204 | 3.365 | 0.668 | 0.799 | 0.000
1991 | 0.803 | 1.319 | 2.299 | 0.000 | 2.132 | 8952 | 8.879 | 7.761 | 3.828 | 0.469 | 0.048 | 0.148
1992 | 1.082 | 2.350 | 1.497 | 3.132 | 2.612 | 6.010 | 8155 | 11.105 | 4.289 | 2.322 | 0.842 | 0.000
1993 | 0.082 | 1.099 | 1.589 | 7.405 | 6.214 | 5970 | 5.648 | 13.809 | 5.780 | 3.993 | 0.066 | 0.000
1994 | 0.457 | 0.000 | 1.878 | 2.207 | 4.803 | 2.632 | 11.204 | 9.799 | 3.707 | 0.164 | 0.039 | 0.000
1995 | 0.000 | 0.000 | 2.503 | 4.724 | 2.664 | 5.013 | 7.868 | 10.016 | 2.753 | 0.444 | 0.516 | 0.546
1996 | 1.477 | 0.000 | 3.201 | 3.280 | 5.829 | 5.668 | 9.109 | 5.855 | 6.888 | 0.000 | 0.789 | 0.497
1997 | 0.908 | 0.000 | 0.447 | 3.586 | 3.112 | 7.316 | 8375 | 6.237 | 5.227 | 3.789 | 2.602 | 0.227
1998 | 0.211 | 0.000 | 0.618 | 0.980 | 5.461 | 9.280 | 11.276 | 8.224 | 6.559 | 6.641 | 0.000 | 0.000
1999 | 0.000 | 0.000 | 0.000 | 2.352 | 5.151 | 7.086 | 6.964 | 3.813 | 6.898 | 6.924 | 0.072 | 0.000
2000 | 0.000 | 0.000 | 0.000 | 5.247 | 3.556 | 7.112 | 7.207 | 10.477 | 3.359 | 3.951 | 0.743 | 0.115
2001 | 0.000 | 0.993 | 1.431 | 1.513 | 4.470 | 9.980 | 10.664 | 9.053 | 5951 | 5.391 | 0.928 | 0.000
2002 | 0.865 | 0.095 | 2.526 | 2.553 | 0.941 | 7.359 | 5.865 | 5.836 | 2.421 | 0.181 | 0.000 | 0.954
2003 | 0.000 | 0.819 | 1.641 | 1.829 | 0.063 | 6.194 | 9.490 | 8.704 | 4.556 | 0.628 | 0.000 | 0.480
2004 | 0.237 | 0.309 | 0.602 | 1.352 | 1.026 | 7.507 | 9.497 | 6.026 | 5385 | 1.543 | 0.164 | 0.474
2005 | 0.000 | 0.000 | 2.579 | 1.168 | 2.273 | 8.684 | 6.092 | 6.859 | 5.230 | 1.211 | 2.217 | 0.000
2006 | 0.000 | 0.148 | 1.691 | 2.316 | 4.115 | 8.438 | 7.595 | 13.546 | 6.770 | 3.023 | 0.730 | 1.342
Avg. 0.349 0478 1.694 2599 3533 7.216 7.708 8498 4991 2.548 0.512 0.403
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
Avg. 19.30 | 21.10 | 21.70 | 22.10 | 21.00 | 19.60 | 18.50 | 18.50 | 18.90 | 19.00 | 19.20 | 19.10
Relative Humidity (%)
YEAR JAN | FEB | MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
0.56 | 0.62 | 0.59 0.59 0.72 0.80 0.85 0.87 0.86 0.88 0.65 0.62
Sunshine Hours (Hrs)
YEAR JAN | FEB | MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
8.52 | 888 | 6.36 7.68 5.64 5.88 | 4.80 3.72 5.64 6.96 8.40 9.00
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Station Name: Awaitu at Jimma

Station Number: 091024

Runoff (mm/day)
Year | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.012 | 0.013 | 0.007 | 0.045 | 0.062 | 0.658 | 1.768 | 1.758 | 0.964 | 1.254 | 0.266 | 0.077
1986 | 0.004 | 0.028 | 0.028 | 0.054 | 0.075 | 1.935 | 4.574 | 2.146 | 4.954 | 0.883 | 0.278 | 0.146
1987 | 0.030 | 0.025 | 0.128 | 0.070 | 0.180 | 1.222 | 2.540 | 2.854 | 5.347 | 1.075 | 0.782 | 0.419
1988 | 0.181 | 0.176 | 0.121 | 0.081 | 0.147 | 1.264 | 4.283 | 5.650 | 5.537 | 2.326 | 0.415 | 0.228
1989 | 0.122 | 0.018 | 0.134 | 0.133 | 0.681 | 0.852 | 1.819 | 1.008 | 0.986 | 0.839 | 0.342 | 0.708
1990 | 0.146 | 0.090 | 0.168 | 0.075 | 0.659 | 3.083 | 8.490 | 8.938 | 7.292 | 1.644 | 0.296 | 0.247
1991 | 0.263 | 0.255 | 0.235 | 0.228 | 0.233 | 0.245 | 1.622 | 2.110 | 1.922 | 0.549 | 0.242 | 0.213
1992 | 0.039 | 0.002 | 0.120 | 0.152 | 0.435 | 0.505 | 4.435 | 4.353 | 2.605 | 2.995 | 0.497 | 0.235
1993 | 0.129 | 0.037 | 0.119 | 0.072 | 0.807 | 1.414 | 3.003 | 2.747 | 2.622 | 2.380 | 0.503 | 0.209
1994 | 0.032 | 0.052 | 0.112 | 0.088 | 0.311 | 1.700 | 3.060 | 4.966 | 3.445 | 0.819 | 0.198 | 0.220
1995 | 0.073 | 0.061 | 0.058 | 0.309 | 0.416 | 1.464 | 1.592 | 1.485 | 1.475 | 0.889 | 0.595 | 0.107
1996 | 0.793 | 0.793 | 0.452 | 0.407 | 0.761 | 1.912 | 1.577 | 1.868 | 2.122 | 0.850 | 0.373 | 0.491
1997 | 0.726 | 0.492 | 0.473 | 0.769 | 1.226 | 2.593 | 3.337 | 2.428 | 2.281 | 3.210 | 3.052 | 0.332
1998 | 1.080 | 0.781 | 0.878 | 0.719 | 1.226 | 1.271 | 3.023 | 3.950 | 3.075 | 3.791 | 1.452 | 1.703
1999 | 0.728 | 0.568 | 0.626 | 0.545 | 0.880 | 1.117 | 1.880 | 2.436 | 1.871 | 3.080 | 1.116 | 0.900
2000 | 0.678 | 0.554 | 0.526 | 0.658 | 1.036 | 1.365 | 1.681 | 2.558 | 2.840 | 1.825 | 1.372 | 0.917
2001 | 0.487 | 0.341 | 0.341 | 0.394 | 0.506 | 1.129 | 2.944 | 2.014 | 1.694 | 1.501 | 0.588 | 0.819
2002 | 0.268 | 0.176 | 0.193 | 0.187 | 0.148 | 0.490 | 1.926 | 5.792 | 1.949 | 0.450 | 0.239 | 0.220
2003 | 0.216 | 0.158 | 0.205 | 0.338 | 0.158 | 0.533 | 1.445 | 1.402 | 1.249 | 0.661 | 0.178 | 0.184
2004 | 0.175 | 0.158 | 0.140 | 0.617 | 0.562 | 0.373 | 1.091 | 1.778 | 1.170 | 0.446 | 0.277 | 0.225
2005 | 0.252 | 0.157 | 0.157 | 0.356 | 2.245 | 0.891 | 2.468 | 3.717 | 6.667 | 2.138 | 0.346 | 0.191
2006 | 0.209 | 0.148 | 0.376 | 1.138 | 0.549 | 1.178 | 3.244 | 4.284 | 2.969 | 1.604 | 1.000 | 0.826
Precipitation (mm /day)
Year | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.826 | 0.641 | 2.546 | 4.842 | 6.688 | 4951 | 8.803 | 5533 |4.197 | 2.076 | 1.641 | 0.391
1986 | 0.000 | 1.586 | 2.688 | 3.776 | 4957 | 8.424 | 7.648 | 4.401 | 5365 | 2914 | 0.457 | 1.559
1987 | 0.868 | 2.911 | 5.188 | 1.967 | 6.174 | 0.000 | 6.102 | 5.921 | 4.467 | 3.829 | 1.500 | 1.707
1988 | 2.674 | 1.941 | 1.016 | 2.865 | 5980 | 5431 | 6.072 | 9.671 | 9.602 | 5.655 | 0.049 | 0.000
1989 | 0.914 | 1.539 | 4.546 | 5.885 | 3.362 | 5.875 | 7.632 | 7.016 | 6.714 | 3.513 | 0.931 | 5.306
1990 | 0.809 | 1.513 | 4.372 | 1.842 | 6.368 | 10.530 | 9.197 | 9.217 | 8.046 | 0.753 | 3.043 | 0.615
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1991 | 2.612 | 2.661 | 2.036 | 5.559 | 5.615 | 4.500 | 6.569 | 8.036 | 4.589 | 1.668 | 0.257 | 2.569
1992 | 0.934 | 1.855 | 1.839 | 5.319 | 4.720 | 9.441 | 6.980 | 11.711 | 5.763 | 5.921 | 2.293 | 1.171
1993 | 2.589 | 2.658 | 3.938 | 7.786 | 7.799 | 7.391 | 6.207 | 8.638 | 5.625 | 5.727 | 0.099 | 0.010
1994 | 0.030 | 0.928 | 3.174 | 5.046 | 6.990 | 9.026 | 8.401 | 5.237 | 5.826 | 0.365 | 0.595 | 0.345
1995 | 0.270 | 0.566 | 2.434 | 6.342 | 3.789 | 5368 | 5954 | 7.118 | 4.641 | 1.595 | 0.987 | 4.148
1996 | 1.342 | 0.770 | 4.457 | 6.681 | 5.750 6.464 7.615 2.993 8.161 | 0.786 3.063 | 1.329
1997 | 2.171 | 0.000 | 2.260 | 5.855 | 9.033 7.793 4.026 8.421 4872 | 11.076 | 8.000 | 1.188
1998 | 3.372 | 0.737 | 3.174 | 3.066 | 6.039 | 7.322 | 8.171 | 10.089 | 6.576 | 6.602 | 1.530 | 0.046
1999 | 0.980 | 0.023 | 2.711 | 2.362 | 7.030 | 5.757 | 4.477 | 3.365 | 4.306 | 6.507 | 0.043 | 0.066
2000 | 0.000 | 0.033 | 1.293 | 6.405 | 7.819 | 5.056 | 8.747 |5.220 | 8.395 | 8.026 | 1.539 | 0.819
2001 | 0.533 | 0.424 | 2.826 | 3.842 | 11.224 | 9.849 | 10.273 | 5.289 | 6.033 | 5.359 | 2.493 | 0.125
2002 | 2.266 | 0.164 | 3.000 | 2.951 | 4.516 | 7.947 | 4.924 | 7.727 |5.438 | 2.618 | 0.266 | 4.553
2003 | 0.944 | 2.016 | 2.859 | 3.661 | 0.401 | 8954 | 6.141 |4.964 | 7.859 | 3.016 | 0.984 | 0.480
2004 | 1.678 | 0.934 | 1.516 | 4.306 | 5.326 4.224 7.115 7.217 6.612 | 4.382 2.214 | 0.000
2005 | 1.464 | 0.016 | 6.375 | 4.651 | 5.717 5.829 8.997 7.493 4.720 | 1.237 0.197 | 0.000
2006 | 0.105 | 0.000 | 5.980 | 3.628 | 6.957 5.354 7.434 7.901 3.720 | 3.360 0.986 | 0.352
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 18.30 | 18.95 | 20.60 | 20.40 | 19.90 | 19.05 | 18.10 | 18.20 | 19.05 | 18.30 | 17.95 | 17.20
1986 | 17.75 | 20.50 | 19.20 | 19.95 | 20.40 | 19.15 | 18.75 | 18.85 | 18.85 | 18.40 | 17.85 | 17.80
1987 | 18.05 | 19.00 | 20.35 | 20.35 | 20.10 | 19.85 | 19.50 | 19.30 | 19.45 | 19.60 | 18.40 | 17.60
1988 | 18.60 | 20.35 | 20.10 | 20.40 | 21.00 | 19.75 | 18.75 | 19.20 | 19.45 | 19.15 | 16.75 | 16.40
1989 | 17.65 | 18.50 | 19.70 | 19.85 | 19.70 | 19.15 | 18.75 | 19.25 | 19.25 | 18.65 | 17.75 | 18.80
1990 | 17.45 | 19.40 | 20.05 | 20.40 | 20.00 | 19.65 | 18.80 | 19.15 | 19.40 | 18.50 | 18.35 | 17.05
1991 19.10 | 19.60 | 20.10 | 20.40 | 20.69 | 19.85 | 18.75 | 18.60 | 19.25 | 18.15 | 17.35 | 16.95
1992 18.20 | 20.05 | 20.45 | 20.45 | 20.40 | 19.80 | 18.50 | 19.00 | 19.40 | 19.40 | 17.70 | 18.50
1993 18.70 | 19.50 | 19.75 | 20.80 | 20.40 | 19.90 | 18.85 | 19.15 | 19.40 | 19.45 | 18.10 | 17.05
1994 17.85 | 20.15 | 21.60 | 20.70 | 20.20 | 19.60 | 18.60 | 19.25 | 19.35 | 18.70 | 19.00 | 17.50
1995 18.50 | 20.35 | 21.15 | 21.55 | 21.00 | 20.30 | 19.25 | 19.70 | 19.80 | 19.50 | 18.90 | 19.35
1996 19.05 | 20.00 | 21.10 | 21.05 | 20.55 | 19.95 | 19.10 | 1945 | 19.90 | 19.05 | 17.90 | 17.65
1997 19.35 | 18.45 | 21.55 | 20.70 | 20.30 | 20.35 | 19.60 | 19.95 | 20.60 | 20.40 | 20.35 | 19.55
1998 | 20.40 | 20.85 | 21.90 | 22.55 | 21.75 | 20.55 | 19.70 | 19.95 | 20.50 | 20.60 | 17.85 | 16.65
1999 | 18.15 | 18.80 | 21.05 | 21.35 | 20.70 | 20.05 | 19.05 | 19.05 | 20.30 | 19.95 | 17.55 | 17.75
2000 | 17.85 | 19.00 | 21.30 | 21.60 | 21.20 | 19.85 | 19.30 | 19.45 | 20.40 | 20.35 | 19.10 | 18.10
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2001 19.05 | 20.15 | 2090 | 21.45 | 21.20 | 20.15 | 19.40 | 19.80 | 20.40 | 20.60 | 19.20 | 18.85
2002 19.15 | 19.55 | 21.55 | 21.00 | 21.40 | 20.00 | 20.00 | 19.80 | 20.25 | 19.80 | 18.75 | 19.75
2003 18.20 | 20.30 | 21.15 | 2090 | 21.45 | 20.35 | 19.40 | 19.85 | 20.15 | 19.45 | 19.25 | 18.00
2004 19.95 | 20.05 | 21.00 | 21.55 | 21.25 | 20.05 | 19.35 | 19.75 | 20.00 | 19.20 | 18.85 | 17.20
2005 18.40 | 19.55 | 21.35 | 21.25 | 20.70 | 19.75 | 19.65 | 20.10 | 19.76 | 19.36 | 18.35 | 17.92
2006 18.56 | 19.67 | 21.55 | 21.30 | 2090 | 19.86 | 19.10 | 19.50 | 19.76 | 19.36 | 18.35 | 17.92
Relative Humidity (%)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.64 | 0.70 | 0.72 0.74 0.79 0.83 0.79 0.87 0.90 0.84 0.78 0.71
Sunshine Hours (Hrs)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
742 | 7.10 | 6.70 6.18 6.36 5.33 3.74 4.07 5.38 6.97 7.69 7.77
Station Name: Bidru Awana Nr. Sokuru
Station Number: 091019
Runoff (mm/day)
Year | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.039 | 0.524 | 0.521 | 0.574 | 0.833 | 1.024 | 1.559 | 3.565 | 2.400 | 0.478 | 0.101 | 0.569
1986 | 0.175 | 0.190 | 0.223 | 0.297 | 0.331 | 3.055 | 3.338 | 2.834 | 2.870 | 1.186 | 0.334 | 0.208
1987 | 0.026 | 0.037 | 0.099 | 0.083 | 0.318 | 1.007 | 1.567 | 3.151 | 1.939 | 1.218 | 0.474 | 0.286
1988 | 0.197 | 0.168 | 0.131 | 0.096 | 0.088 | 0.153 | 1.267 | 3.476 | 3.944 | 2.323 | 0.752 | 0.575
1989 | 0.609 | 0477 | 0.439 | 0.898 | 0.788 | 2.367 | 3.281 | 4.174 | 3.223 | 1.064 | 0.462 | 0.666
1990 | 0.439 | 0.388 | 0.400 | 0.436 | 0.541 | 0.876 | 2.262 | 3.867 | 1.195 | 0.758 | 0.258 | 0.080
1991 | 0.030 | 0.029 | 0.513 | 0.137 | 0.538 | 1.074 | 1.852 | 4.467 | 1.871 | 2.704 | 1.997 | 1.567
1992 | 0.837 | 0.728 | 0.309 | 0.504 | 0.713 | 1.931 | 4.645 | 3.443 | 2.534 | 2.209 | 0.695 | 0.610
1993 | 0.599 | 0.638 | 0.514 | 0.940 | 1.218 | 2.207 | 3.216 | 4.093 | 3.592 | 1.405 | 0.940 | 0.531
1994 | 0.739 | 0.652 | 0.771 | 0.754 | 1.169 | 1.754 | 2.534 | 5.190 | 1.829 | 0.642 | 0.512 | 0.414
1995 | 0.840 | 0.835 | 1.120 | 1.140 | 1.219 | 1.077 | 1.564 | 2.469 | 2.744 | 0.564 | 0.305 | 0.209
1996 | 0.604 | 0.527 | 0.615 | 0.688 | 1.399 | 2.574 | 2.572 | 4.274 | 4443 | 1.462 | 0.937 | 0.209
1997 | 0.668 | 0.555 | 0.567 | 0.984 | 0.873 | 2.177 | 1.707 | 1.975 | 2.842 | 3.149 | 1.836 | 0.776
1998 | 1.105 | 1.048 | 0.963 | 0.918 | 1.649 | 1.516 | 7.321 | 6.180 | 2.590 | 3.469 | 1.324 | 1.320
1999 | 0.513 | 0.355 | 0.321 | 0.258 | 0.392 | 0.906 | 2.894 | 1.992 | 0.804 | 1.051 | 0.462 | 0.914
2000 | 0.150 | 0.103 | 0.079 | 0.096 | 0.162 | 0.156 | 0.228 | 0.480 | 1.523 | 2.027 | 0.899 | 0.646
2001 | 0.579 | 0.149 | 0.138 | 0.142 | 0.391 | 0.979 | 0.607 | 0.466 | 2.019 | 0.553 | 0.227 | 0.569
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2002 | 0.102 | 0.072 | 0.074 | 0.070 | 0.063 | 0.107 | 0.207 | 1.175 | 0.907 | 0.135 | 0.083 | 0.061
2003 | 0.061 | 0.041 | 0.037 | 0.096 | 0.030 | 0.352 | 4.250 | 1.112 | 3.093 | 0.078 | 0.048 | 0.074
2004 | 0.078 | 0.061 | 0.054 | 0.109 | 0.063 | 0.080 | 0.724 | 6.154 | 2.538 | 2.308 | 0.535 | 0.400
2005 | 0.459 | 0.263 | 0.072 | 0.857 | 1.177 | 0.307 | 0.485 | 2.495 | 1.020 | 0.259 | 0.224 | 0.607
2006 | 0.604 | 0.545 | 0.560 | 0.582 | 0.603 | 0.844 | 2.050 | 4.205 | 2.296 | 0.888 | 0.609 | 0.568
Precipitation (mm /day)

YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG SEP OCT NOV | DEC
1985 | 0.957 | 0.069 | 0.934 | 4.461 | 6.059 | 4753 | 8.240 | 11.632 | 1.447 | 1.207 | 0.260 | 0.204
1986 | 0.171 | 2.352 | 2.809 | 2.589 | 5.822 | 13.115 | 7.224 | 6.316 | 9.253 | 1.451 | 0.000 | 1.563
1987 | 1.434 | 1.280 | 5.248 | 3.734 | 5.261 | 7.533 | 5.586 | 10.234 | 6.362 | 2.286 | 0.007 | 1.178
1988 | 0.661 | 3.030 | 0.793 | 3.299 | 3.049 | 6.056 | 9.086 | 8.957 | 8.280 | 4.286 | 0.451 | 0.013
1989 | 2.724 | 1.793 | 4.507 | 4.757 | 2.066 | 6.263 | 7.934 | 8454 | 4.122 | 2.141 | 1.375 | 5.770
1990 | 0.046 | 3.487 | 2.240 | 3.388 | 3.457 | 8984 | 8398 | 7.645 | 5510 | 0.401 | 0.171 | 0.099
1991 | 0.691 | 2.319 | 4.405 | 2.089 | 4.718 | 7.490 | 9.533 | 7.658 | 3.076 | 0.592 | 0.076 | 0.905
1992 | 1.734 | 2938 | 1.628 | 3.099 | 5.171 | 8707 | 8.487 | 10.293 | 4.697 | 2.974 | 0.569 | 0.454
1993 | 0.454 | 3.822 | 1.868 | 6.054 | 5.773 | 6.407 | 10.541 | 9.974 | 6.036 | 6.112 | 0.046 | 0.000
1994 | 0.000 | 0.000 | 2.297 | 2.708 | 5.297 | 5.433 | 8.007 | 7.029 | 2.601 | 0.000 | 0.000 | 0.000
1995 | 0.191 | 0.424 | 2.046 | 5.431 | 6.003 | 4.023 | 5.109 | 5.497 | 6.033 | 1.313 | 0.000 | 2.178
1996 | 2.036 | 0.161 | 6.388 | 5.668 | 7.013 | 8.046 | 10.342 | 6.875 | 4.961 | 0.637 | 0.395 | 0.079
1997 | 1.655 | 0.043 | 2.039 | 5.826 | 5.224 | 4.033 | 5984 | 6.947 | 4.329 | 9.046 | 2.091 | 0.470
1998 | 1.593 | 2.043 | 2.823 | 3.671 | 3.820 | 8452 | 11.078 | 6.839 | 6.484 | 3.668 | 0.921 | 0.000
1999 | 0.299 | 0.000 | 1.257 | 2.168 | 5.898 | 9.092 | 8.704 | 5.158 | 5.990 | 4.454 | 0.000 | 0.000
2000 | 0.000 | 0.000 | 0.612 | 4921 | 4.069 | 4355 | 4.941 | 6.171 | 5457 | 5342 | 1.132 | 0411
2001 | 0.816 | 0.059 | 3.852 | 2.493 | 6.438 | 7.303 | 7.138 | 6.408 | 7.171 | 3.378 | 0.030 | 0.010
2002 | 2957 | 0.220 | 1.418 | 1.783 | 1.941 | 5.056 | 8.836 | 6.770 | 5.010 | 0.293 | 0.000 | 1.589
2003 | 1.247 | 1.678 | 2.082 | 4.089 | 0921 | 7.635 | 7.859 | 4.852 | 4.977 | 0.411 | 2.036 | 1.605
2004 | 1.612 | 0.862 | 1.227 | 4921 | 2.076 | 4.286 | 5980 | 9.178 | 5.013 | 2.701 | 0.566 | 0.757
2005 | 1.313 | 0.046 | 3.901 | 3.178 | 7.553 | 5.776 | 7.799 | 3.822 | 4.082 | 3.362 | 1.115 | 0.000
2006 | 0.142 | 0.000 | 2.482 | 2.681 | 0.000 | 0.000 | 0.000 | 0.000 | 5.595 | 1.006 | 0.000 | 0.000
Temperature (°C)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 18.3 1895 | 20.6 20.4 19.9 19.05 | 18.1 18.2 19.05 | 18.3 1795 | 17.2
1986 | 17.75 | 20.5 19.2 19.95 | 20.4 19.15 | 18.75 | 18.85 | 1885 | 18.4 1785 | 17.8
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1987 | 18.05 19 20.35 | 20.35 | 20.1 19.85 19.5 19.3 19.45 19.6 18.4 17.6
1988 | 18.6 20.35 20.1 20.4 21 19.75 18.75 19.2 19.45 19.15 | 16.75 16.4
1989 | 17.65 18.5 19.7 19.85 | 19.7 19.15 18.75 19.25 | 19.25 18.65 | 17.75 18.8
1990 | 17.45 194 20.05 | 204 20 19.65 18.8 19.15 | 194 18.5 18.35 17.05
1991 | 19.1 19.6 20.1 20.4 204 | 19.85 18.75 18.6 19.25 18.15 | 17.35 16.95
1992 | 18.2 20.05 20.45 | 2045 | 204 19.8 18.5 19 19.4 19.4 17.7 18.5
1993 | 18.7 19.5 19.75 | 20.8 20.4 19.9 18.85 19.15 | 194 19.45 | 18.1 17.05
1994 | 17.85 20.15 21.6 20.7 20.2 19.6 18.6 19.25 | 19.35 18.7 19 17.5
1995 | 18.5 20.35 21.15 | 21.55 | 21 20.3 19.25 19.7 19.8 19.5 18.9 19.35
1996 | 19.05 20 211 21.05 | 20.55 | 19.95 19.1 19.45 | 19.9 19.05 | 17.9 17.65
1997 | 19.35 18.45 21.55 | 20.7 20.3 20.35 19.6 19.95 | 20.6 20.4 20.35 19.55
1998 | 20.4 20.85 21.9 22.55 | 21.75 | 20.55 19.7 19.95 | 20.5 20.6 17.85 16.65
1999 | 18.15 18.8 21.05 | 21.35 | 20.7 20.05 19.05 19.05 | 20.3 19.95 | 17.55 17.75
2000 | 17.85 19 21.3 21.6 21.2 19.85 19.3 19.45 | 20.4 2035 | 19.1 18.1
2001 | 19.05 20.15 209 2145 | 21.2 20.15 19.4 19.8 20.4 20.6 19.2 18.85
2002 | 19.15 19.55 2155 | 21 21.4 20 20 19.8 20.25 19.8 18.75 19.75
2003 | 18.2 20.3 21.15 | 209 21.45 | 20.35 19.4 19.85 | 20.15 19.45 | 19.25 18
2004 | 19.95 20.05 21 21.55 | 21.25 | 20.05 19.35 19.75 | 20 19.2 18.85 17.921
2005 | 184 19.55 21.35 | 21.25 | 20.7 19.75 19.65 20.1 19.758 | 19.36 | 18.345 | 17.921
2006 | 18.557 | 19.669 | 21.55 | 21.3 20.9 19.862 | 19.102 | 19.5 19.758 | 19.36 | 18.345 | 17.921
Relative Humidity (%)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0.64 | 0.70 | 0.72 0.74 0.79 0.83 0.79 0.87 0.90 0.84 0.78 0.71
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
742 | 710 | 6.70 6.18 6.36 5.33 3.74 4.07 5.38 6.97 7.69 7.77
Station Name: Bulbule Nr.Serbo
Station Number: 091032
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.093 | 0.030 | 0.247 | 0.309 | 0.828 | 5.196 | 4.900 | 7.636 6.352 2.540 | 0.816 | 0.338
1986 | 0.959 | 1.019 | 0.929 | 1.017 | 1.009 | 2.834 | 7.662 | 6.610 7.563 2.258 | 0.770 | 0.467
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1987 | 0.324 | 0.205 | 0.396 | 3.753 | 0.340 | 1.347 | 3.383 | 5.712 | 6.459 | 2.000 | 0.923 | 0.421
1988 | 0.216 | 0.204 | 0.033 | 0.002 | 0.127 | 0.439 | 3.587 | 11.090 | 10.875 | 7.805 | 1.157 | 0.433
1989 | 0.167 | 0.133 | 0.069 | 0.508 | 0.349 | 1.434 | 4471 | 6.363 | 6.646 | 1.745 | 0.558 | 0.926
1990 | 0.378 | 0.129 | 0.334 | 0.227 | 1.074 | 3.383 | 6.309 | 9.175 | 8.067 | 2.535 | 1.120 | 0.680
1991 | 0.355 | 0.285 | 0.440 | 0.238 | 0.661 | 2.387 | 4.705 | 7.961 | 6.260 | 1.089 | 0.540 | 0.267
1992 | 0.221 | 0.209 | 0.126 | 0.361 | 0.943 | 7.911 | 9.407 | 11.269 | 8.249 | 4.774 | 3.643 | 0.267
1993 | 0.500 | 0.488 | 0.317 | 0.426 | 1.563 | 4.665 | 7.945 | 8.501 | 7.250 | 4.878 | 4.783 | 1.183
1994 | 0.395 | 0.137 | 0.218 | 0.265 | 0.710 | 3.290 | 6.913 | 10.003 | 9.033 | 2.474 | 0.461 | 0.324
1995 | 0.157 | 0.190 | 0.175 | 0.700 | 1.175 | 0.724 | 1.193 | 4.543 | 5496 | 1.245 | 1.302 | 0.351
1996 | 2.511 | 2.511 | 1.236 | 1.080 | 2.382 | 6.217 | 6.127 | 8.701 | 4.363 | 1.665 | 0.595 | 1.230
1997 | 0.296 | 0.186 | 0.092 | 0.233 | 0.641 | 3.886 | 4.502 | 6.863 | 3.282 | 5.770 | 7.527 | 0.350
1998 | 0.686 | 0.434 | 0.395 | 0.256 | 0.417 | 0.460 | 1.890 | 4.324 | 2.987 | 2.177 | 0.458 | 0.701
1999 | 0.817 | 0.193 | 0.189 | 0.129 | 0.521 | 2.191 | 6.005 | 8.422 | 4.068 | 6.417 | 2.206 | 0.555
2000 | 0.270 | 0.185 | 0.132 | 0.173 | 1.037 | 3.139 | 4.561 | 7.234 | 6.961 | 4.215 | 2.413 | 0.559
2001 | 0.412 | 0.349 | 0.384 | 0.551 | 1.296 | 4.745 | 4.362 | 5.675 | 8331 | 4.745 | 1.988 | 0.628
2002 | 0.559 | 0.402 | 0.428 | 0.159 | 0.077 | 0.847 | 4.039 | 5.371 | 4.287 | 0.499 | 0.243 | 0.818
2003 | 0.156 | 0.069 | 0.124 | 0.134 | 0.047 | 0.400 | 5.697 | 5996 | 6.671 | 2.110 | 0.552 | 0.274
2004 | 0.121 | 0.089 | 0.062 | 0.116 | 5.697 | 5996 | 6.671 | 2.110 | 6.746 | 5.466 | 1.372 | 0.258
2005 | 0.566 | 0.257 | 0.646 | 0.539 | 2.818 | 2.391 | 1.802 | 3.462 | 3.362 | 1.368 | 1.319 | 0.617
2006 | 0.460 | 0.571 | 0.610 | 0.777 | 0.426 | 1.124 | 3.885 | 5439 | 3.489 | 1.646 | 0.916 | 0.721
Precipitation (mm /day)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV | DEC
1985 | 0.741 | 0.511 | 3.170 8.161 | 0.036 | 9.654 | 6.550 | 8857 | 5254 | 2994 | 1.039 | 0.603
1986 | 0.128 | 2.274 | 3.845 2941 | 3.443 |8.093 | 5850 |8090 |6.747 | 3.509 | 0.292 | 2.370
1987 | 7.853 | 5.353 | 3.144 2297 | 8718 | 6.741 | 4.289 | 7.197 | 4945 | 5885 | 0.386 | 1.091
1988 | 2.975 | 3.526 | 1.508 4203 | 3499 | 5959 |9.648 | 13.194 | 12.580 | 5.882 | 0.039 | 0.072
1989 | 1.614 | 3.145 | 3.718 5.883 | 5563 |4.877 | 7897 | 7328 |5123 |3.308 | 0.482 | 5498
1990 | 0.406 | 3.892 | 5.221 4503 | 6.183 |9.809 | 7.634 | 5968 |9.086 | 1.133 | 4.086 | 0.904
1991 | 2.244 | 3.961 | 11.558 | 5.263 | 4971 | 7.192 | 9302 | 8480 | 5301 | 1.504 | 0.744 | 2.513
1992 | 2.532 | 6.147 | 2.916 8.186 | 10.870 | 10.777 | 11.611 | 11.581 | 9.821 | 7.910 | 0.465 | 1.660
1993 | 2.737 | 2.687 | 2.819 10.892 | 0.025 | 10.297 | 15.205 | 9.719 | 10.745 | 7.539 | 0.902 | 0.088
1994 | 0.882 | 0.469 | 4.076 5119 | 8345 |8372 |9736 |7.017 | 4466 | 0.737 | 0.336 | 0.624
1995 | 0.051 | 1.815 | 0.243 9.813 | 5.104 | 6.477 | 10.585 | 8312 | 7.307 | 0.898 | 0.280 | 2.498
1996 | 2.342 | 2.506 | 8.874 6.518 | 2.503 | 6.882 | 9.864 | 5951 | 5.024 | 2.271 | 5434 | 2.943
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1997 | 3.252 | 0.131 | 2.985 3139 | 8758 | 7906 | 7943 | 10.962 | 4.864 | 12.848 | 8.168 | 1.474
1998 | 2.391 | 1.509 | 2.402 3.453 | 2.007 | 3.057 | 7302 | 4496 |3.300 |4.114 | 1.761 | 0.015
1999 | 0.410 | 0.059 | 2.479 3431 | 4706 | 0.044 | 12.876 | 8495 | 3.272 | 5.589 | 0.000 | 0.291
2000 | 1.079 | 0.193 | 1.133 7.502 | 6.297 | 5.613 | 6.223 | 8439 |3.245 | 5975 | 1.782 | 0.903
2001 | 0.712 | 1.155 | 5.190 5453 | 6.656 | 8.004 | 12.710 | 9.444 | 3.526 | 3.761 | 0.391 | 0.446
2002 | 1.273 | 1.070 | 4.131 4.413 4.299 8.468 8.673 7.516 4.049 3.645 0.547 | 4.651
2003 | 3.079 | 1.286 | 6.924 4.474 2.224 7.927 7.397 9.175 6.165 0.738 2.770 | 0.742
2004 | 1.682 | 0.533 | 1.903 4443 | 2925 | 6901 |4.920 |9.146 | 6.636 | 3.727 | 2.186 | 1.009
2005 | 0.918 | 0.062 | 4.493 4931 | 4567 |5.523 |5516 | 7381 |4.759 | 1.244 | 0.199 | 0.000
2006 | 0.106 | 0.000 | 4.524 3.448 | 4.032 | 5401 | 7.498 | 8451 |3.738 |3.387 | 0.994 | 0.357
Temperature (°C)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 18.45 | 19.37 | 20.69 | 20.57 | 19.99 | 19.15 | 18.27 | 18.32 | 18.74 | 18.39 | 17.88 | 17.40
1986 | 18.06 | 20.47 | 19.69 | 20.26 | 20.34 | 19.22 | 18.74 | 18.78 | 18.60 | 18.46 | 17.81 | 17.83
1987 | 18.27 | 19.41 | 20.51 | 20.54 | 20.13 | 19.72 | 19.27 | 19.10 | 19.03 | 19.31 | 18.20 | 17.69
1988 | 18.66 | 20.36 | 20.33 | 20.57 | 20.77 | 19.65 | 18.74 | 19.03 | 19.03 | 18.99 | 17.03 | 16.84
1989 | 17.98 | 19.05 | 20.05 | 20.18 | 19.85 | 19.22 | 18.74 | 19.06 | 18.89 | 18.64 | 17.74 | 18.54
1990 | 17.84 | 19.69 | 20.30 | 20.57 | 20.06 | 19.58 | 18.77 | 18.99 | 18.99 | 18.53 | 18.16 | 17.30
1991 | 19.01 | 19.83 | 20.33 | 20.57 | 5.88 19.72 | 18.74 | 18.60 | 18.89 | 18.28 | 17.45 | 17.23
1992 | 18.37 | 20.15 | 20.58 | 20.61 | 20.34 | 19.68 | 18,56 | 18.88 | 1899 | 19.17 | 17.70 | 18.33
1993 | 18.73 | 19.76 | 20.08 | 20.86 | 20.34 | 19.75 | 18.81 | 1899 | 1899 | 19.20 | 17.98 | 17.30
1994 | 18.13 | 20.22 | 21.40 | 20.79 | 20.20 | 19.54 | 18.63 | 19.06 | 1896 | 18.67 | 18.62 | 17.62
1995 | 18.59 | 20.36 | 21.08 | 21.39 | 20.77 | 20.04 | 19.09 | 19.38 | 19.28 | 19.24 | 18.55 | 18.93
1996 | 1898 | 20.12 | 21.04 | 21.04 | 20.45 | 19.79 | 1898 | 19.20 | 19.35 | 1892 | 17.84 | 17.72
1997 | 19.19 | 19.02 | 21.36 | 20.79 | 20.27 | 20.07 | 19.34 | 19.56 | 19.84 | 19.88 | 19.58 | 19.07
1998 | 19.93 | 20.72 | 21.61 | 22.10 | 21.30 | 20.22 | 19.41 | 19.56 | 19.77 | 20.02 | 17.81 | 17.01
1999 | 1834 | 19.27 | 21.01 | 21.25 | 20.55 | 19.86 | 18.95 | 18.92 | 19.63 | 19.56 | 17.59 | 17.79
2000 | 18.13 | 19.41 | 21.18 | 21.43 | 2091 | 19.72 | 19.13 | 19.20 | 19.70 | 19.84 | 18.69 | 18.04
2001 | 18.98 | 20.22 | 20.90 | 21.32 | 2091 | 19.93 | 19.20 | 19.45 | 19.70 | 20.02 | 18.76 | 18.57
2002 | 19.05 | 19.80 | 21.36 | 21.00 | 21.05 | 19.83 | 19.62 | 19.45 | 19.60 | 19.45 | 18.44 | 19.21
2003 | 18.37 | 20.33 | 21.08 | 20.93 | 21.09 | 20.07 | 19.20 | 19.49 | 19.52 | 19.20 | 18.80 | 17.97
2004 | 19.62 | 20.15 | 20.97 | 21.39 | 20.94 | 19.86 | 19.16 | 19.42 | 19.42 | 19.03 | 18.52 | 5.21
2005 | 18.52 | 19.80 | 21.22 | 21.18 | 20.55 | 19.65 | 19.37 | 19.66 | 5.24 5.41 5.15 5.21
2006 | 5.47 5.94 21.36 | 21.21 | 20.70 | 5.65 5.44 19.24 | 524 | 5.41 5.15 5.21
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Relative Humidity (%)
YEAR JAN FEB | MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.65 | 0.72 | 0.75 0.77 | 0.82 0.84 |0.80 |0.88 |0.90 0.85 0.80 | 0.72
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
7.53 | 699 | 6.67 | 6.23 6.32 5.21 3.56 3.97 5.28 7.00 7.68 | 7.88
Station Name: Dincha at Bonga
Station Number: 092005
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.275 | 0.238 | 0.268 | 1.029 | 3.856 | 5.830 7.425 | 9.593 7.452 | 3.729 1.134 | 0.745
1986 | 0.436 | 0.375 | 0.646 | 1.438 | 1.870 | 6.170 6.985 | 6.163 5.395 | 2.385 1.013 | 0.878
1987 | 0.489 | 0.277 | 0.378 | 0.741 | 2.859 | 3.878 3.582 | 4.868 5.101 | 1.876 1.517 | 1.504
1988 | 0.592 | 0.308 | 0.246 | 0.312 | 0.755 | 2.346 | 4.910 | 11.043 | 8.959 | 8.922 | 1.290 | 0.869
1989 | 0.450 | 0.410 | 0.464 | 2.414 | 1.220 | 3.357 | 5.242 | 6.100 | 6.164 | 4.284 | 1.206 | 0.573
1990 | 0.347 | 0.379 | 1.315 | 2.108 | 3.787 | 6.816 | 5.274 | 8357 | 7.884 | 3.938 | 1.231 | 1.351
1991 | 2905 | 4.544 | 3.952 | 0.554 | 0.499 | 1.061 | 6.837 | 7.946 | 8.045 | 2907 | 0.902 | 1.133
1992 | 1.720 | 1.924 | 0.726 | 0.673 | 3.236 | 5.105 4.648 | 6.690 7.396 | 11.065 | 2.322 | 0.722
1993 | 0.803 | 1.094 | 1.050 | 2.451 | 5.430 | 7.079 6.307 | 4.879 6.105 | 5.161 1.503 | 0.815
1994 | 0985 | 0.443 | 0.823 | 0.676 | 3.557 | 7.723 8.013 | 7.874 5.867 | 1.503 1.360 | 0.852
1995 | 0.576 | 0.509 | 0.251 | 0.756 | 1.665 | 3.291 4893 | 6.877 7.637 | 2.725 0.763 | 0.767
1996 | 1.091 | 0.591 | 1.363 | 2.735 | 5.715 | 7.986 6.144 | 7.138 8.090 | 4.424 1.013 | 0.704
1997 | 0.779 | 0.419 | 1.088 | 3.351 | 5.477 | 10.146 | 8.372 | 5.861 4.555 | 8.203 8.809 | 0.642
1998 | 2.803 | 1.647 | 1.895 | 2.252 | 8.369 | 8.412 8.435 | 15.764 | 7.344 | 12.019 | 1.691 | 3.713
1999 | 0.503 | 0.170 | 0.443 | 1.070 | 1.991 | 3.013 | 4.848 | 3.926 | 3.316 | 5381 | 1.156 | 0.600
2000 | 0.287 | 0.256 | 0.352 | 0.560 | 1.389 | 1.400 | 5.213 | 2.339 | 2.686 | 6.133 | 1.034 | 0.521
2001 | 0.334 | 0.341 | 0.399 | 0.671 | 3.389 | 7.428 | 6.092 | 7.057 | 8.751 | 4.628 | 1.360 | 0.521
2002 | 1.181 | 0.807 | 0.984 | 1.580 | 1.409 | 1.860 | 4.500 | 4.475 | 3.434 | 1.814 | 1.336 | 1.335
2003 | 1.075 | 0.880 | 0.847 | 1.613 | 1.368 | 5.482 | 6.124 | 7.565 | 7.758 | 2.254 | 1.208 | 1.071
2004 | 0972 | 0.792 | 0.743 | 1.361 | 3.476 | 4271 | 2909 | 7950 | 7.584 | 4.756 | 1.587 | 1.483
2005 | 1.050 | 0.812 | 1.152 | 1.594 | 4.694 | 4319 | 4.734 | 6.937 | 8.216 | 3.457 | 2.856 | 2.192
2006 | 1.538 | 1.238 | 1.516 | 1.763 | 3.619 | 5.677 7916 | 8.114 4.616 | 3.213 2496 | 2.273
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Precipitation (mm /day)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 1.549 | 1.462 | 3.451 | 5562 | 9972 | 6862 | 7.529 | 7469 | 5970 | 3.627 | 4.683 | 1.376
1986 | 0.310 | 3.348 | 3.625 | 4.332 | 5.785 | 6.270 | 8499 | 6.424 | 6.135 | 2.452 | 2.236 | 2.351
1987 | 1.366 | 3.303 | 4.846 | 5.183 | 7978 | 4741 | 5792 | 6.759 | 5.048 | 1.434 | 0.748 | 3.318
1988 | 2.652 | 2.943 | 1.446 | 3.531 | 5.041 | 7.493 2.614 9.878 7.581 7.623 | 0.705 | 1.174
1989 | 1.301 | 1.201 | 4.446 | 6.220 | 3.374 | 4.241 6.747 7.283 4972 4.492 | 1.181 | 4.150
1990 | 1.810 | 4.096 | 5.101 | 4.345 | 7.993 | 6.578 | 6.180 | 8739 | 7.401 | 2.449 | 2.886 | 1.813
1991 | 2.502 | 1.605 | 4.130 | 7.233 | 6.609 | 7.262 | 7.037 | 9.062 | 6.545 | 2.061 | 1.447 | 1.830
1992 | 2.790 | 2970 | 3.269 | 3.750 | 5.740 | 8371 | 7.078 | 7.190 | 5.595 | 9.236 | 2.946 | 1.742
1993 | 3.969 | 2.945 | 3.132 | 8.661 | 9.034 | 8139 | 6.304 | 4.848 | 6.936 | 6.232 | 0.462 | 0.075
1994 | 0.388 | 0.328 | 2.438 | 5.459 | 8.063 | 9.028 | 7.644 | 5138 | 4.550 | 1.529 | 3.141 | 0.679
1995 | 0.021 | 1.322 | 1.773 | 5.416 | 5.346 | 5.255 | 5.585 | 6.808 | 7.358 | 1.787 | 0.965 | 4.722
1996 | 1.528 | 1.168 | 5.284 | 6.400 | 6.403 | 5.381 5.817 5.672 6.710 2.966 | 3.150 | 0.753
1997 | 2.813 | 0.337 | 4.011 | 7.399 | 7.172 | 7.214 6.025 5.372 4.868 8.251 | 7.756 | 4.195
1998 | 3.779 | 1.400 | 2.217 | 5.490 | 7.546 | 7.091 7.066 8.489 6.692 5.834 | 0.766 | 0.000
1999 | 1.736 | 0.167 | 3.213 | 5.364 | 6.192 | 4916 5.708 4.385 4.429 6.052 | 0.663 | 0.761
2000 | 0.175 | 0.139 | 2.986 | 6.027 | 7.208 | 5.790 7.596 5.065 5.331 8.696 | 1.243 | 0.977
2001 | 0.059 | 2.065 | 3.704 | 5412 | 8.849 | 6.657 6.688 7.098 6.779 4.168 | 2.064 | 0.287
2002 | 1.383 | 0.617 | 5.586 | 4.048 | 3.981 | 8.222 5.759 5.715 5.826 4.680 | 0.937 | 4.034
2003 | 1.523 | 0944 | 1.864 | 6.663 | 1.575 | 11.329 | 14.134 | 12.933 | 10.152 | 1.013 | 1.559 | 1.601
2004 | 2909 | 0.508 | 2.836 | 6.496 | 3.627 | 3.591 | 5.330 | 10.849 | 8.654 | 3.200 | 2.336 | 3.276
2005 | 1.102 | 1.114 | 4916 | 5.083 | 9.700 | 6.780 | 5.785 | 6.563 | 6.338 | 4.563 | 2.530 | 0.000
2006 | 0.887 | 1.905 | 5.142 | 2.775 | 8133 | 6.439 |9.832 | 7463 | 6.591 | 5.019 | 3.013 | 3.087
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
19.97 | 20.60 | 20.83 | 20.65 | 20.23 | 19.28 | 18.50 | 19.03 | 18.77 | 19.33 | 19.46 | 19.66
Relative Humidity (%)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
RH 0.70 | 0.72 | 0.75 0.80 0.84 | 0.90 091 091 0.88 0.84 0.85 0.79
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
7.56 | 6.72 | 6.36 6.60 6.00 4.92 3.24 3.48 492 6.84 7.56 8.04
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Station Name: Gilgel Ghibie Nr. Assendabo
Station Number: 091008

Runoff (mm/day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.078 | 0.051 | 0.038 | 0.171 | 0.395 | 2.275 | 2.147 | 3.325 | 2.772 | 1.131 | 0.390 | 0.184
1986 | 0.065 | 0.079 | 0.125 | 0.110 | 0.134 | 1.051 | 2.280 | 2.086 | 2.642 | 1.013 | 0.315 | 0.215
1987 | 0.100 | 0.016 | 0.227 | 0.168 | 0.491 | 1.274 | 1.757 | 1.885 | 2.349 | 1.091 | 0.466 | 0.124
1988 | 0.119 | 0.132 | 0.051 | 0.044 | 0.105 | 0.329 | 1.724 | 4.782 | 3.742 | 2.914 | 0.630 | 0.226
1989 | 0.149 | 0.153 | 0.108 | 0.650 | 0.350 | 0.839 | 1.603 | 2.347 | 2.389 | 1.278 | 0.459 | 0.526
1990 | 0.250 | 0.198 | 0.295 | 0.273 | 0.501 | 1.494 | 2.797 | 2.333 | 3.691 | 0.178 | 2.846 | 0.291
1991 | 0.191 | 0.161 | 0.228 | 0.141 | 0.323 | 1.066 | 2.063 | 3.465 | 2.592 | 0.623 | 0.104 | 0.075
1992 | 0.020 | 0.044 | 0.096 | 0.099 | 0.329 | 1.298 | 2.619 | 5.744 | 3.633 | 2.292 | 0.611 | 0.237
1993 | 0.222 | 0.262 | 0.140 | 0.440 | 0.832 | 1.598 | 2.904 | 4.250 | 3.326 | 1.520 | 0.704 | 0.617
1994 | 0.179 | 0.097 | 0.132 | 0.152 | 0.657 | 2.156 | 3.888 | 5.152 | 3.819 | 0.838 | 0.347 | 0.178
1995 | 0.099 | 0.093 | 0.076 | 0.247 | 0.357 | 0.465 | 1.390 | 1.994 | 2.404 | 0.574 | 0.243 | 0.190
1996 | 1.119 | 1.119 | 0.570 | 0.503 | 1.064 | 2.714 | 2.675 | 3.783 | 2.755 | 1.410 | 0.527 | 0.503
1997 | 0.200 | 0.099 | 0.074 | 0.525 | 0.805 | 2.155 | 2.147 | 3.206 | 2.203 | 2.189 | 3.853 | 1.643
1998 | 0.874 | 0.495 | 0.500 | 0.360 | 0.633 | 0.927 | 2.605 | 2.266 | 3.050 | 2.599 | 1.050 | 0.458
1999 | 0.310 | 0.181 | 0.225 | 0.186 | 0.510 | 1.093 | 2.448 | 3.343 | 1.832 | 2.232 | 0.800 | 0.339
2000 | 0.196 | 0.118 | 0.073 | 0.224 | 0.612 | 0.916 | 1.935 | 2.546 | 2.701 | 2.321 | 1.123 | 0.339
2001 | 0.706 | 0.725 | 0.759 | 0.737 | 1.124 | 2.081 | 3.615 | 3.277 | 2.383 | 1.533 | 0.916 | 0.473
2002 | 0.301 | 0.181 | 0.222 | 0.299 | 0.219 | 0913 | 1.777 | 2.350 | 1.883 | 0.674 | 0.376 | 0.388
2003 | 0.327 | 0.162 | 0.277 | 0.308 | 0.177 | 0.747 | 2.490 | 2.619 | 2.909 | 0.947 | 0.392 | 0.304
2004 | 0.199 | 0.152 | 0.127 | 0.206 | 0.413 | 1.003 | 2.005 | 3.047 | 1.941 | 1.391 | 0.629 | 0.406
2005 | 0.282 | 0.149 | 0.316 | 0.270 | 1.251 | 1.067 | 1.091 | 2.982 | 2.867 | 1.596 | 0.606 | 0.304
2006 | 0.237 | 0.284 | 0.301 | 0.373 | 0.443 | 1.105 | 1.724 | 2.199 | 1.349 | 1.600 | 0.908 | 0.722
Precipitation (mm /day)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.682 | 0.929 | 2.722 | 5978 | 4.744 | 5.867 | 7.535 | 6.518 | 4.111 | 2.127 | 1.453 | 0.435
1986 | 0.076 | 2.084 | 3.281 | 3.394 | 4.359 | 7.889 | 6.744 | 6.445 | 5342 | 2.591 | 0.396 | 1.644
1987 | 2.850 | 3.535 | 4.164 | 1.974 | 7.502 | 4.667 | 5.067 | 6.403 | 4.126 | 3.943 | 0.718 | 1.159
1988 | 2.252 | 2.577 | 1.206 | 3.277 | 4378 | 6.268 | 7.713 | 10.518 | 10.063 | 4914 | 0.066 | 0.050
1989 | 1.110 | 2.365 | 3.935 | 5.258 | 4.391 | 5.074 | 7.754 | 7.547 | 5.467 | 3.608 | 0.865 | 4.562
1990 | 0.742 | 2998 | 4.365 | 3.184 | 4971 | 9.006 | 7.839 | 7.752 | 6.783 | 1.061 | 2.718 | 0.846
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1991 | 1.865 | 2.682 | 4.852 | 4.121 | 5.239 | 5.114 | 7.258 | 7.636 | 4.663 | 1.614 | 0.467 | 2.190
1992 | 1.359 | 2.770 | 2.551 | 5.127 | 6.835 | 8.859 | 7.351 | 11.001 | 6.146 | 5.647 | 1.304 | 1.088
1993 | 2.025 | 2.781 | 3.134 | 8.048 | 4.880 | 8.199 | 8.469 | 7.319 | 6.406 | 5979 | 0.430 | 0.064
1994 | 0.423 | 0.505 | 3.156 | 4.996 | 6.658 | 7.810 | 8.286 | 7.240 | 4918 | 0.488 | 0.860 | 0.652
1995 | 0.212 | 1.175 | 1.595 | 6.557 | 4.145 | 5.323 | 7.096 | 6.510 | 5.049 | 1.030 | 0.643 | 3.801
1996 | 1.703 | 1.622 | 6.333 | 6.949 | 4.604 | 6.463 | 7.735 | 5.033 6.162 1.125 3.044 | 1.421
1997 | 2.189 | 0.044 | 2.109 | 4940 | 7.554 | 7.735 | 6.381 | 8.516 4.551 10.599 | 7.121 | 1.292
1998 | 3.021 | 1.285 | 2.995 | 3.243 | 4416 | 6.076 | 7.675 | 7.496 | 5426 | 5397 | 1.449 | 0.020
1999 | 0.731 | 0.036 | 2.338 | 2917 | 6.135 | 4.715 | 8.432 | 5.702 | 3.423 | 5.160 | 0.112 | 0.167
2000 | 0.298 | 0.066 | 0.932 | 6.002 | 6.123 | 5.685 | 6.587 | 6.055 | 6.263 | 5.811 | 1.458 | 0.706
2001 | 0.702 | 0.785 | 3.682 | 4.787 | 8.528 | 8.876 | 9.605 | 7.306 | 4344 |4.391 | 1.168 | 0.313
2002 | 1.610 | 0.519 | 3.389 | 3.345 | 4.040 | 6.974 | 6.241 | 6.767 | 4.248 | 2.089 | 0.485 | 4.217
2003 | 1.609 | 1.925 | 5.073 | 3.740 | 1.153 | 6.014 | 6.510 | 6.112 | 5.175 | 1.641 | 1.419 | 1.011
2004 | 1.737 | 0.666 | 1.918 | 4.161 | 3.894 | 5.814 | 4.226 | 8.254 5.757 3.211 1.698 | 0.828
2005 | 1.061 | 0.053 | 4.991 | 5.182 | 5.851 | 4.801 | 6.898 | 6.373 5.256 1.366 0.599 | 0.007
2006 | 0.239 | 0.157 | 5.346 | 3.508 | 5.301 | 6.202 | 7.642 | 7.791 3.585 3.419 1.201 | 0.655
Temperature (°C)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 1795 | 1886 | 19.96 | 20.54 | 1992 | 19.14 | 18.19 | 18.28 | 18.62 | 18.46 | 18.08 | 17.77
1986 | 1847 | 20.53 | 18.37 | 1883 | 1886 | 19.21 | 18.66 | 18.71 | 18,51 | 18.51 | 18.04 | 18.03
1987 | 18.53 | 19.65 | 20.51 | 20.62 | 20.14 | 19.66 | 19.20 | 19.01 | 1890 | 19.28 | 18.32 | 18.01
1988 | 1890 | 20.52 | 20.66 | 20.69 | 20.69 | 19.64 | 18.66 | 18.87 | 18.89 | 1895 | 17.48 | 17.41
1989 | 1840 | 19.30 | 20.19 | 20.21 | 1991 | 19.20 | 18.61 | 1895 | 18.74 | 18.80 | 18.14 | 16.38
1990 | 18.32 | 19.73 | 20.28 | 20.63 | 20.14 | 19.54 | 18.73 | 18.80 | 1890 | 18.70 | 18.34 | 17.62
1991 | 19.15 | 19.98 | 20.49 | 20.62 | 8.97 19.78 | 16.61 | 16.49 | 1880 | 1840 | 17.78 | 17.66
1992 | 18.67 | 20.23 | 20.67 | 20.74 | 20.29 | 19.64 | 18.61 | 18.82 | 18.88 | 19.10 | 17.89 | 18.49
1993 | 1892 | 19.89 | 20.20 | 18.51 | 18.03 | 17.48 | 16.66 | 16.80 | 16.75 | 16.97 | 1592 | 15.41
1994 | 16.14 | 17.94 | 1892 | 1845 | 1792 | 17.32 | 16.53 | 16.86 | 16.72 | 16.55 | 16.43 | 15.66
1995 | 16.51 | 18.06 | 18.67 | 1893 | 1837 | 17.71 | 16.89 | 17.11 | 1697 | 16.99 | 16.37 | 16.69
1996 | 16.81 | 19.99 | 20.82 | 20.83 | 20.13 | 19.60 | 19.05 | 19.29 | 19.39 | 18.20 | 17.35 | 18.30
1997 | 19.52 | 19.77 | 21.61 | 20.90 | 20.38 | 20.07 | 19.35 | 19.53 | 19.77 | 19.78 | 19.46 | 19.15
1998 | 19.90 | 20.73 | 21.49 | 21.96 | 21.17 | 20.12 | 19.28 | 19.35 | 19.53 | 19.82 | 17.96 | 17.40
1999 | 18.66 | 19.72 | 21.04 | 21.16 | 20.41 | 19.70 | 18.83 | 18.84 | 19.38 | 19.06 | 17.60 | 1791
2000 | 1832 | 19.42 | 20.88 | 1896 | 1848 | 19.60 | 16.92 | 16.97 | 17.31 | 17.47 | 16.48 | 15.99
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2001 | 16.81 | 17.94 | 18.53 | 18.87 | 18.48 | 19.66 | 19.02 | 17.16 | 17.31 | 17.61 | 16.54 | 16.41
2002 | 18.84 | 19.66 | 20.80 | 20.46 | 20.38 | 19.29 | 18.53 | 18.43 | 18.59 | 18.55 | 17.72 | 18.26
2003 | 16.34 | 18.03 | 18.67 | 18.57 | 18.62 | 17.74 | 1697 | 17.19 | 17.17 | 16.97 | 16.57 | 15.93
2004 | 17.31 | 17.89 | 18.59 | 1893 | 18.50 | 17.57 | 1694 | 17.13 | 17.09 | 16.83 | 16.34 | 5.91
2005 | 1645 | 17.61 | 18.78 | 18.76 | 18.20 | 17.40 | 17.11 | 17.33 | 17.72 | 17.67 | 16.89 | 16.20
2006 | 18.04 | 19.31 | 21.19 | 21.04 | 20.60 | 19.00 | 18.07 | 18.09 | 17.72 | 17.67 | 16.89 | 16.20
Relative Humidity (%)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0.62 | 0.67 | 0.68 0.71 0.76 0.81 0.79 0.87 0.89 0.83 0.76 0.69
Sunshine Hours (Hrs)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
7.55 | 6.99 | 6.68 6.25 6.34 5.22 3.56 3.97 5.28 7.02 7.70 7.90
Station Name: Ghibie Nr. Baco
Station Number: 091020
Runoff (mm/day)
YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.081 | 0.061 | 0.053 | 0.110 | 0.522 | 1.640 | 2.672 | 3.294 | 2.437 | 1.874 | 0.340 | 0.117
1986 0.109 | 0.095 | 0.111 | 0.115 | 0.102 | 0.612 | 0.867 | 0.969 | 1.226 | 0.632 | 0.238 | 0.152
1987 0.107 | 0.064 | 0.071 | 0.053 | 0.106 | 0.188 | 0.405 | 0.965 | 0.660 | 0.515 | 0.232 | 0.166
1988 0.113 | 0.076 | 0.033 | 0.024 | 0.038 | 0.155 | 1.102 | 2.623 | 2.280 | 1.710 | 0.479 | 0.147
1989 0.211 | 0.144 | 0.114 | 0.116 | 0.107 | 0.186 | 0.617 | 1.196 | 1.079 | 0.518 | 0.250 | 0.475
1990 0.126 | 0.099 | 0.125 | 0.090 | 0.093 | 0.297 | 1.264 | 2.943 | 1.095 | 0.519 | 0.244 | 0.199
1991 0.124 | 0.106 | 0.105 | 0.063 | 0.105 | 0.188 | 0.706 | 1.364 | 1.157 | 0.353 | 0.206 | 0.167
1992 0.130 | 0.115 | 0.088 | 0.110 | 0.121 | 0.177 | 0.633 | 2910 | 1.456 | 1.266 | 0.457 | 0.156
1993 0.194 | 0.165 | 0.136 | 0.241 | 0.376 | 0.672 | 1.425 | 3.447 | 2.416 | 1.027 | 0.640 | 0.271
1994 0.221 | 0.160 | 0.164 | 0.141 | 0.203 | 0.181 | 1.453 | 2.391 | 2.222 | 0.533 | 0.295 | 0.146
1995 0.154 | 0.135 | 0.121 | 0.153 | 0.180 | 0.194 | 0.384 | 1.821 | 0.994 | 0.421 | 0.278 | 0.209
1996 0.211 | 0.166 | 0.181 | 0.147 | 0.296 | 0.539 | 1.198 | 1.767 | 0.903 | 0.550 | 0.308 | 0.216
1997 0.666 | 0.146 | 0.187 | 0.215 | 0.101 | 0.789 | 1.498 | 2.010 | 2.091 | 1.561 | 0.780 | 0.219
1998 0.191 | 0.103 | 0.108 | 0.370 | 0.068 | 1.123 | 2.158 | 2.976 | 2.240 | 2.088 | 0.168 | 0.184
1999 0.468 | 0.226 | 0.152 | 0.084 | 0.478 | 0.661 | 1.310 | 2.692 | 2.574 | 3.133 | 1.433 | 0.411
2000 1.951 | 0.064 | 0.933 | 0982 | 1.432 | 2.700 | 3.264 | 4.486 | 3.428 | 1.659 | 1.345 | 1.336
2001 1.954 | 1.814 | 1.364 | 0.561 | 0.820 | 2.301 | 2.663 | 4.218 | 4.267 | 1.835 | 1.250 | 1.136
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2002 | 1.873 | 0.778 | 0.885 | 0.385 | 0.173 | 1.585 | 2.388 | 3.092 | 1.534 | 0.715 | 0.925 | 0.861
2003 | 0.600 | 0.545 | 0.657 | 0.082 | 0.031 | 1.149 | 1.872 | 2.282 | 1.665 | 0.825 | 1.224 | 1.251
2004 | 0.835 | 0.892 | 0.194 | 0.362 | 0.664 | 1.455 | 1.987 | 2.671 | 3.391 | 2.742 | 1.093 | 0.821
2005 | 0.403 | 0.823 | 0.852 | 0.586 | 1.002 | 1.400 | 1.282 | 1.894 | 1.847 | 1.888 | 1.371 | 1.385
2006 | 1.373 | 0.791 | 1.108 | 0.886 | 1.160 | 0.575 | 0.898 | 2.008 | 1.604 | 1.071 | 0.649 | 1.112
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.329 | 0.000 | 0.599 | 2.576 | 7.105 | 5.878 7.046 7.385 7.697 | 1.622 | 0.066 | 0.099
1986 0.000 | 0.266 | 2.125 | 2.536 | 1.132 | 10.819 | 7.977 5.365 4954 | 1.901 | 0.253 | 0.250
1987 0.339 | 0.457 | 1.885 | 2.947 | 5.289 | 8.428 6.487 8.980 8.760 | 3.188 | 0.181 | 0.510
1988 0.595 | 1.391 | 0.697 | 1.250 | 3.184 | 6.405 6.569 5.286 4.753 | 3.980 | 0.214 | 0.072
1989 0.188 | 0.250 | 4.332 | 1.434 | 2.500 | 5.842 7.612 14.612 | 0.664 | 4.030 | 0.000 | 3.151
1990 0.112 | 1.007 | 3.135 | 2.786 | 4.095 | 8.184 0.000 8.204 3.365 | 0.668 | 0.799 | 0.000
1991 0.803 | 1.319 | 2.299 | 0.000 | 2.132 | 8.952 8.879 7.761 3.828 | 0.469 | 0.048 | 0.148
1992 1.082 | 2.350 | 1.497 | 3.132 | 2.612 | 6.010 8.155 11.105 | 4.289 | 2.322 | 0.842 | 0.000
1993 | 0.082 | 1.099 | 1.589 | 7.405 | 6.214 | 5970 | 5.648 | 13.809 | 5.780 | 3.993 | 0.066 | 0.000
1994 | 0.457 | 0.000 | 1.878 | 2.207 | 4.803 | 2.632 | 11.204 | 9.799 | 3.707 | 0.164 | 0.039 | 0.000
1995 | 0.000 | 0.000 | 2.503 | 4.724 | 2.664 | 5.013 | 7.868 | 10.016 | 2.753 | 0.444 | 0.516 | 0.546
1996 | 1.477 | 0.000 | 3.201 | 3.280 | 5.829 | 5.668 | 9.109 | 5.855 | 6.888 | 0.000 | 0.789 | 0.497
1997 | 0.908 | 0.000 | 0.447 | 3.586 | 3.112 | 7.316 | 8375 | 6.237 | 5.227 | 3.789 | 2.602 | 0.227
1998 | 0.211 | 0.000 | 0.618 | 0.980 | 5.461 | 9.280 | 11.276 | 8.224 | 6.559 | 6.641 | 0.000 | 0.000
1999 | 0.000 | 0.000 | 0.000 | 2.352 | 5.151 | 7.086 | 6.964 | 3.813 | 6.898 | 6.924 | 0.072 | 0.000
2000 0.000 | 0.000 | 0.000 | 5.247 | 3.556 | 7.112 7.207 10.477 | 3.359 | 3.951 | 0.743 | 0.115
2001 0.000 | 0.993 | 1.431 | 1.513 | 4.470 | 9.980 10.664 | 9.053 5.951 | 5.391 | 0.928 | 0.000
2002 | 0.865 | 0.095 | 2.526 | 2.553 | 0.941 | 7.359 | 5.865 | 5.836 | 2.421 | 0.181 | 0.000 | 0.954
2003 | 0.000 | 0.819 | 1.641 | 1.829 | 0.063 | 6.194 | 9.490 | 8.704 | 4.556 | 0.628 | 0.000 | 0.480
2004 | 0.237 | 0.309 | 0.602 | 1.352 | 1.026 | 7.507 | 9.497 | 6.026 | 5.385 | 1.543 | 0.164 | 0.474
2005 | 0.000 | 0.000 | 2.579 | 1.168 | 2.273 | 8.684 | 6.092 | 6.859 | 5.230 | 1.211 | 2.217 | 0.000
2006 | 0.000 | 0.148 | 1.691 | 2.316 | 4.115 | 8.438 | 7.595 | 13.546 | 6.770 | 3.023 | 0.730 | 1.342
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
19.30 | 21.10 | 21.70 | 22.10 | 21.00 | 19.60 | 18.50 | 18.50 | 18.90 | 19.00 | 19.20 | 19.10
Relative Humidity (%)
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YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.56 | 0.62 | 0.59 0.59 0.72 0.80 0.85 0.87 0.86 0.88 0.65 0.62
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
8.52 | 888 | 6.36 7.68 5.64 5.88 | 4.80 3.72 5.64 6.96 8.40 9.00
Station Name: Ghibie Nr. Seka
Station Number: 091017
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.162 | 0.120 | 0.103 | 0.253 | 0.491 | 1.709 | 2.547 | 2.787 | 2.289 | 0.823 | 0.439 | 0.306
1986 | 0.131 | 0.132 | 0.247 | 0.233 | 0.273 | 1.565 | 1.858 | 2.132 | 2.969 | 1.288 | 0.472 | 0.251
1987 | 0.176 | 0.167 | 0.391 | 0.274 | 0.680 | 1.805 | 2.596 | 2.503 | 2.901 | 1.495 | 0.661 | 0.234
1988 | 0.290 | 0.296 | 0.189 | 0.146 | 0.352 | 0.970 | 2.686 | 3.412 | 3.400 | 3.253 | 0.649 | 0.371
1989 | 0.207 | 0.205 | 0.186 | 0.340 | 0.294 | 0.869 | 2.585 | 2.631 | 2.420 | 1.254 | 0.542 | 0.283
1990 | 0.385 | 0.365 | 0.576 | 0.586 | 0.800 | 1.978 | 2.536 | 3.675 | 3.680 | 1.569 | 0.617 | 0.880
1991 | 0.291 | 0.233 | 0.201 | 0.313 | 0.540 | 1.359 | 2.322 | 2971 | 2.722 | 0.844 | 0.392 | 0.347
1992 0.244 | 0.276 | 0.203 | 0.253 | 0.678 | 1.830 | 2.966 | 2.767 | 2.919 | 2.308 | 0.701 | 0.318
1993 0.376 | 0.314 | 0.202 | 0.551 | 2.094 | 2.487 | 3.701 | 2.602 | 2.525 | 1.634 | 0.777 | 0.438
1994 | 0.254 | 0.165 | 0.182 | 0.170 | 0.518 | 2.427 | 3.185 | 3.180 | 3.057 | 0.711 | 0.396 | 0.359
1995 | 0.128 | 0.108 | 0.104 | 0.492 | 0.650 | 0.990 | 1.793 | 2.101 | 2.319 | 1.021 | 0.490 | 0.215
1996 | 1.190 | 1.190 | 0.703 | 0.638 | 1.144 | 2.709 | 2.262 | 2.650 | 2.987 | 1.269 | 0.587 | 0.532
1997 | 0.273 | 0.155 | 0.207 | 0.492 | 0.755 | 2.151 | 1.936 | 2.293 | 1.505 | 2.855 | 2.834 | 0.360
1998 | 0.789 | 0.424 | 0.631 | 0.345 | 0.580 | 1.266 | 1.874 | 2.800 | 1.928 | 2.565 | 0.808 | 1.251
1999 | 0.236 | 0.137 | 0.160 | 0.192 | 0.548 | 0.938 | 1.864 | 2.102 | 1.518 | 1.554 | 0.549 | 0.363
2000 0.714 | 0.629 | 0.081 | 0.319 | 0.957 | 1.510 | 3.111 | 2981 | 3.114 | 3.793 | 0.954 | 0.377
2001 0.713 | 0.723 | 0.715 | 0.667 | 0.888 | 2.254 | 3.860 | 2.608 | 1.774 | 2.284 | 1.051 | 0.437
2002 0.327 | 0.152 | 0.178 | 0.245 | 0.149 | 1.334 | 1.835 | 2.820 | 2.614 | 0.826 | 0.374 | 0.428
2003 0.220 | 0.168 | 0.206 | 0.379 | 0.187 | 2.342 | 3.366 | 2.622 | 3.394 | 0.613 | 0.345 | 0.214
2004 0.146 | 0.119 | 0.094 | 0.151 | 0.278 | 0.941 | 2.291 | 2.204 | 3.759 | 2.761 | 0.307 | 0.234
2005 0.103 | 0.022 | 0.158 | 0.819 | 0.286 | 1.893 | 3.282 | 2.548 | 4.974 | 1.968 | 1.106 | 0.738
2006 0.575 | 0.613 | 0.652 | 0.984 | 0.577 | 1.178 | 3.039 | 3.943 | 2.798 | 1.573 | 1.011 | 0.845
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
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1985 | 0.919 | 1.537 | 3.740 | 6.252 | 7.001 | 6.088 | 6.690 | 6.305 | 4.593 | 1.989 | 3.402 | 0.688
1986 | 0.125 | 2.096 | 3.585 | 5.171 | 4.734 | 8727 | 7.700 | 5976 | 6.036 | 2.923 | 0.937 | 1.801
1987 | 1.416 | 2911 | 4.247 | 2.551 | 9.176 | 5426 | 5.016 | 7.348 | 5972 | 3.347 | 1.126 | 1.763
1988 | 2.581 | 2.326 | 1.112 | 3.910 | 6.629 | 7.360 | 7.796 | 12.219 | 9.477 | 5.851 | 0.244 | 0.177
1989 | 1.077 | 2.130 | 4.181 | 6.278 | 4999 | 6.474 | 9.723 | 8.500 | 8.747 | 4.296 | 2.538 | 5479
1990 | 1.300 | 4.087 | 4.982 | 2.136 | 5.296 | 8.549 | 8.257 | 8936 | 6.110 | 2.708 | 2.961 | 1.154
1991 | 2.995 | 2.082 | 1.710 | 5.194 | 5.423 | 5374 | 6.399 | 7.084 | 4.987 | 1.655 | 0.700 | 1.557
1992 | 1.300 | 1.689 | 1.992 | 5.224 | 5.051 | 7.886 | 6.184 | 8.272 | 5.082 | 7.141 | 1.990 | 1.095
1993 | 1.436 | 2.446 | 2912 | 6.350 | 8.794 | 7.045 | 5.448 | 5.775 | 4965 | 5.859 | 0.153 | 0.220
1994 | 0.386 | 0.365 | 2.673 | 4.283 | 8.104 | 3.814 | 8996 | 6.509 | 5.064 | 0.705 | 2.823 | 0.715
1995 | 0.222 | 1.210 | 2.015 | 6.965 | 4.657 | 6.052 | 3.363 | 6976 | 6.142 | 1.526 | 1.218 | 5301
1996 | 1.954 | 1.339 | 6.789 | 8.803 | 5.945 | 5179 | 6.728 | 4328 | 7.045 | 1.178 | 2.587 | 1.392
1997 | 1.974 | 0.045 | 2.277 | 6.201 | 8.014 | 9.106 | 5.415 | 7.617 | 5.075 | 10.005 | 7.678 | 2.684
1998 | 5.450 | 0.758 | 5.287 | 3.994 | 5.858 | 7.203 | 8.229 | 9.585 | 6.723 | 6.174 | 1.724 | 0.016
1999 | 0.773 | 0.081 | 2.516 | 3.936 | 7.921 | 6.170 | 5.612 | 6.529 | 3.681 | 5.077 | 0.486 | 0.384
2000 | 0.000 | 0.011 | 1.215 | 6.243 | 6.876 | 7.666 | 6.280 | 5.673 | 9.409 | 6.655 | 1.310 | 1.178
2001 | 0.459 | 0.879 | 3.094 | 4378 | 7.997 | 9.122 | 8491 | 6.432 | 5.057 | 4473 | 1.687 | 0.616
2002 | 1.685 | 0.056 | 1.676 | 3.736 | 3.472 | 5577 | 5.536 | 6.475 | 4.847 | 1.611 | 1.259 | 4.263
2003 | 1.470 | 1.058 | 2.796 | 4.025 | 0.613 | 7.749 | 5.354 | 5.187 | 6.451 | 1.907 | 1.200 | 2.325
2004 | 2.329 | 1.107 | 1.860 | 3.899 | 5.750 | 4.566 | 5.137 | 7.647 | 5.462 | 2.853 | 1.299 | 1.138
2005 | 0.750 | 0.081 | 6.388 | 5999 | 7.769 | 4372 | 7.505 | 5975 | 6.048 | 2.438 | 2.149 | 0.042
2006 | 0.672 | 0.930 | 4903 | 2917 | 6.853 | 7.662 | 5.302 | 9.389 | 5217 | 2.715 | 1.865 | 1.378
Temperature (°C)

YEAR | JAN FEB MAR | APR | MAY | ]JUN JUL AUG | SEP OCT NOV | DEC
1985 | 15.67 | 16.08 | 16.71 | 20.19 | 19.57 | 1896 | 17.63 | 17.99 | 18.54 | 18.69 | 19.09 | 19.08
1986 | 19.87 | 20.85 | 12.00 | 12.32 | 12.60 | 19.08 | 18.37 | 18.55 | 18.51 | 18.66 | 19.12 | 18.90
1987 | 19.36 | 20.14 | 20.32 | 20.72 | 20.17 | 19.62 | 19.27 | 1896 | 1897 | 19.60 | 19.20 | 19.32
1988 | 19.89 | 21.16 | 21.75 | 20.94 | 20.72 | 19.77 | 18.37 | 18.45 | 1891 | 19.04 | 19.08 | 19.28
1989 | 19.72 | 19.63 | 20.33 | 19.90 | 20.05 | 19.02 | 18.13 | 18.77 | 18.67 | 19.55 | 19.96 | 7.50
1990 | 19.84 | 19.48 | 19.90 | 20.67 | 20.47 | 19.50 | 18.63 | 18.25 | 19.10 | 19.41 | 19.39 | 18.70
1991 | 19.90 | 20.30 | 20.88 | 20.61 | 14.12 | 20.26 | 17.98 | 18.30 | 19.00 | 18.76 | 19.08 | 19.18
1992 | 19.74 | 20.44 | 20.89 | 21.08 | 20.20 | 19.67 | 18.78 | 18.75 | 19.01 | 19.18 | 18.77 | 19.48
1993 | 19.74 | 20.09 | 20.23 | 1998 | 19.52 | 19.33 | 18.02 | 18.47 | 18.84 | 18.37 | 18.28 | 18.36
1994 | 19.20 | 20.18 | 20.15 | 1995 | 19.46 | 19.24 | 17.94 | 18.50 | 18.82 | 18.14 | 18.56 | 18.50
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1995 19.40 | 20.24 | 20.02 | 20.21 | 19.71 | 19.45 | 18.14 | 18.64 | 1896 | 18.38 | 18.53 | 19.07
1996 19.57 | 19.30 | 19.98 | 20.00 | 1895 | 19.02 | 19.54 | 20.04 | 20.40 | 15.30 | 15.36 | 20.73
1997 21.21 | 22.21 | 2295 | 21.31 | 2096 | 20.47 | 19.81 | 19.98 | 20.53 | 20.15 | 20.04 | 20.22
1998 20.45 | 2098 | 21.43 | 22.03 | 21.28 | 20.20 | 19.18 | 19.04 | 19.53 | 19.79 | 18.69 | 18.61
1999 19.79 | 21.02 | 21.26 | 20.96 | 20.05 | 19.29 | 18,50 | 18.71 | 19.26 | 17.47 | 17.61 | 18.37
2000 18.82 | 1894 | 19.74 | 20.22 | 19.77 | 19.29 | 18.15 | 18,56 | 19.15 | 18.64 | 18.59 | 18.69
2001 19.57 | 20.18 | 19.94 | 20.18 | 19.77 | 18.81 | 18.57 | 18.67 | 19.15 | 18.72 | 18.62 | 18.92
2002 18.10 | 18.74 | 18.67 | 18.14 | 18.03 | 17.29 | 14.38 | 14.56 | 15.23 | 15.19 | 15.05 | 14.97
2003 19.31 | 20.22 | 20.02 | 20.01 | 19.85 | 19.47 | 18.18 | 18.69 | 19.07 | 18.37 | 18.64 | 18.65
2004 19.84 | 20.15 | 19.97 | 20.21 | 19.79 | 19.37 | 18.17 | 18.66 | 19.02 | 18.29 | 18.51 | 18.63
2005 19.37 | 19.99 | 20.08 | 20.11 | 19.62 | 19.28 | 18.26 | 18.76 | 1895 | 18.34 | 18.36 | 18.63
2006 18.79 | 20.32 | 20.75 | 20.47 | 20.51 | 18.57 | 14.04 | 18.60 | 19.24 | 1545 | 15.38 | 14.68
Relative Humidity (%)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.54 | 0.52 | 0.48 0.55 0.60 0.72 0.75 0.83 0.87 0.78 0.64 0.60
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
742 |7.10 | 6.70 6.18 6.36 5.33 3.74 4.07 5.38 6.97 7.69 7.77
Station Name: Gogeb Nr. Endeber
Station Number: 091007
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.091 | 0.074 | 0.066 | 0.203 | 0.879 | 1.293 | 4.490 | 6.321 5484 | 1.213 | 0.331 | 0.190
1986 0.050 | 0.103 | 0.121 | 0.368 | 0.273 | 1.937 | 5.697 | 5.849 9.239 | 1.536 | 0.233 | 0.138
1987 0.087 | 0.084 | 0.244 | 1.032 | 1.343 | 2.575 | 2.309 | 5.765 5.965 | 0.548 | 0.084 | 0.033
1988 0.024 | 0.068 | 0.054 | 0.069 | 0.051 | 0.447 | 5.098 | 7930 | 6.703 | 4.006 | 0.666 | 0.207
1989 0.114 | 0.124 | 0.275 | 1.451 | 0.517 | 0.737 | 3.726 | 8516 | 4.638 | 1.456 | 0.426 | 0.286
1990 0.152 | 0.583 | 1.204 | 1.688 | 0.525 | 1.664 | 6.641 | 8.776 | 4.552 | 1.717 | 0.298 | 0.133
1991 0.082 | 0.092 | 0.179 | 0.054 | 0.104 | 0.233 | 3.472 | 5325 | 3.609 | 0.538 | 0.173 | 0.109
1992 0.083 | 0.229 | 0.160 | 0.184 | 0.172 | 0913 | 2.543 | 15918 | 5.635 | 1.574 | 0.517 | 0.297
1993 0.197 | 0.233 | 0.085 | 0.489 | 1.583 | 2.493 | 4.193 | 8483 | 2986 | 1.376 | 0.476 | 0.229
1994 0.152 | 0.086 | 0.132 | 0.150 | 0.154 | 0.736 | 3.278 | 3.999 7.469 | 0.654 | 0.222 | 0.136
1995 0.157 | 0.270 | 0.237 | 0.420 | 0.234 | 0.275 | 3.289 | 7.130 7.425 | 1.077 | 0.449 | 0.325
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1996 | 0.282 | 0.082 | 0.310 | 0.499 | 1.988 | 5.785 | 3.917 | 10.602 | 2.607 | 0.979 | 0.286 | 0.178
1997 | 0.179 | 0.087 | 0.091 | 0.627 | 0.222 | 0.339 | 2.495 | 4801 | 2.018 | 1.122 | 0.976 | 0.330
1998 | 0.519 | 0.260 | 0.382 | 0.305 | 0.814 | 1.003 | 9.420 | 12.046 | 7.147 | 5.340 | 0.603 | 0.239
1999 | 0.150 | 0.104 | 0.113 | 0.096 | 0.196 | 0.882 | 3.702 | 3.883 | 2.807 | 2.553 | 0.665 | 0.274
2000 | 0.191 | 0.138 | 0.125 | 0.122 | 0.169 | 0.329 | 0.853 | 3.287 | 4.557 | 3.988 | 1.049 | 0.391
2001 | 0.215 | 0.140 | 0.173 | 0.165 | 0.817 | 1.986 | 5.200 | 7.727 | 2.607 | 0.919 | 0.306 | 0.191
2002 | 0.202 | 0.141 | 0.202 | 0.140 | 0.150 | 1.101 | 2.859 | 4.188 | 3.334 | 0.626 | 0.214 | 0.196
2003 | 0.165 | 0.134 | 0.143 | 0.274 | 0.150 | 0.460 | 5.566 | 6.031 | 4.310 | 2.561 | 0.275 | 0.198
2004 | 0.170 | 0.146 | 0.140 | 0.312 | 0.145 | 0.627 | 2.087 | 7.687 | 3.406 | 2.173 | 0.362 | 0.189
2005 | 0.253 | 0.204 | 0.354 | 0.373 | 0.589 | 0.552 | 5.495 | 3.489 | 4.118 | 0.913 | 0.472 | 0.357
2006 | 0.281 | 0.127 | 0.168 | 0.224 | 0.279 | 0.908 | 4.047 | 9.659 | 4.689 | 1.022 | 0.293 | 0.187
Precipitation (mm /day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.533 | 0.000 | 0.789 | 4.546 | 5.697 | 5.898 | 9.589 | 7.234 | 4.250 | 0.589 | 0.178 | 0.053
1986 | 0.000 | 1.420 | 1.852 | 3.158 | 3.712 | 6.891 | 8440 | 5946 | 5990 | 1.152 | 0.042 | 0.045
1987 | 0.000 | 1.714 | 2.543 | 3.688 | 2.355 | 5.882 | 3.549 | 6.688 | 2.510 | 1.990 | 0.000 | 0.000
1988 | 0.852 | 1.974 | 0.655 | 0.000 | 2.000 | 5.293 | 10.947 | 7.095 | 7.694 | 3.592 | 0.000 | 0.000
1989 | 0.000 | 0.372 | 3.635 | 2.813 | 3.776 | 4115 | 10.076 | 9.164 | 6.339 | 2.000 | 2.293 | 1.757
1990 | 0.457 | 4.730 | 2.102 | 2.510 | 2.628 | 5.276 |8.398 |9.882 | 7.105 | 0.829 | 0.385 | 0.039
1991 | 0.000 | 3.592 | 3.214 | 0.447 | 6.128 | 10.191 | 9.046 | 7.303 | 4.016 | 0.230 | 0.000 | 1.207
1992 | 0.553 | 4.270 | 0984 | 8.135 | 6.424 | 11.783 | 10.753 | 23.589 | 3.592 | 1.839 | 3.803 | 0.135
1993 | 1.049 | 4.484 | 2.796 | 8.181 | 6.691 | 8.320 | 10.188 | 8.747 | 5.115 | 0.135 | 0.000 | 0.000
1994 | 0.000 | 0.286 | 7.497 | 5984 | 6.819 | 6.079 | 11.938 | 4809 | 7.595 | 0.112 | 0.813 | 0.000
1995 | 0.000 | 0.891 | 1.326 | 10.523 | 2.497 | 4.214 | 8.289 | 12977 | 0.924 | 0.602 | 0.000 | 1.829
1996 | 3.467 | 0.398 | 7.664 | 5.753 | 8.020 | 10.921 | 10.740 | 13.053 | 5.391 | 1.046 | 0.832 | 0.135
1997 | 2.451 | 0.000 | 3.178 | 6.776 | 3.842 | 1.605 | 8.243 | 5.026 | 4490 | 4414 | 1.750 | 0.000
1998 | 0.734 | 0.681 | 4.010 | 1.056 | 3.211 | 6.372 | 11.563 | 7.839 | 2.609 | 0.520 | 0.000 | 0.000
1999 | 0.138 | 0.000 | 0.000 | 0.711 | 2.385 | 7.391 | 8.789 | 4.105 | 6.625 | 6.536 | 0.000 | 0.000
2000 | 0.000 | 0.000 | 0.000 | 1.263 | 3.247 | 5.566 | 10.201 | 7.546 | 4.559 | 1.780 | 0.816 | 0.138
2001 | 0.204 | 0.365 | 2.207 | 1.230 | 3.467 | 5.086 | 13.184 | 8.987 | 3.842 | 3.217 | 0.112 | 0.181
2002 | 1.546 | 0.197 | 2.526 | 1.918 | 5.526 | 9.148 | 8.368 | 7.638 | 2.964 | 0.000 | 0.000 | 1.243
2003 | 0.579 | 2.089 | 2.513 | 4.043 | 0.459 | 6477 | 12.151 | 7.171 | 6.668 | 0.832 | 0.332 | 0.306
2004 | 1.678 | 0.326 | 0.990 | 3.214 | 2911 | 6.826 | 2.707 | 6.720 | 5.263 | 0.109 | 0.207 | 0.339
2005 | 0930 | 0.072 | 2.742 | 3.745 | 3.742 | 6.750 | 7914 |9.545 | 5321 | 2.092 | 0.619 | 0.043
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2006 | 0.111 | 1.600 | 3.594 | 3.019 | 3.802 | 6.462 | 9.463 | 8.686 | 6.264 | 2.381 | 0.245 | 0.313
Temperature (°C)

YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
1985 | 16.27 | 15.65 | 16.51 | 15.43 | 14.58 | 16.45 | 15.68 | 15.70 | 16.10 | 16.64 | 16.91 | 16.92
1986 | 12.46 | 13.47 | 13.82 | 13.94 | 13.37 | 12.82 | 12.48 | 12.48 | 12.36 | 12.55 | 12.46 | 12.19
1987 | 19.51 | 20.83 | 17.79 | 1793 | 17.29 | 16.39 | 16.03 | 1595 | 16.31 | 16.79 | 17.16 | 17.36
1988 | 17.72 | 18.38 | 19.10 | 18,57 | 17.62 | 16.40 | 15.33 | 1541 | 15.87 | 16.20 | 1596 | 16.18
1989 | 16.13 | 17.24 | 17.61 | 1712 | 17.34 | 1595 | 15.36 | 15.20 | 15.67 | 16.06 | 16.72 | 16.77
1990 | 16.72 | 17.52 | 17.75 | 1792 | 17.62 | 16.09 | 15.36 | 1537 | 15.81 | 16.51 | 16.89 | 16.60
1991 | 17.79 | 18.10 | 18.20 | 18.68 | 17.58 | 16.92 | 15.40 | 15.34 | 1598 | 16.57 | 16.65 | 16.53
1992 | 17.16 | 17.65 | 18.54 | 1830 | 17.69 | 16.12 | 15.33 | 15.70 | 16.10 | 16.64 | 16.91 | 16.92
1993 | 17.30 | 18.14 | 18.25 | 18.06 | 17.58 | 16.45 | 15.68 | 15.70 | 16.10 | 16.64 | 16.91 | 16.92
1994 | 17.30 | 18.14 | 18.25 | 18.06 | 17.58 | 16.45 | 15.68 | 15.70 | 16.10 | 16.64 | 16.91 | 16.92
1995 | 17.30 | 18.14 | 18.25 | 18.06 | 17.83 | 16.74 | 15.47 | 1551 | 15.77 | 17.13 | 16.89 | 17.60
1996 | 1696 | 18.10 | 18.34 | 18.06 | 17.52 | 16.19 | 15.78 | 1537 | 16.01 | 16.51 | 16.75 | 16.63
1997 | 1737 | 1855 | 19.13 | 17.78 | 17.83 | 16.64 | 15.78 | 15.79 | 16.60 | 17.13 | 17.13 | 17.04
1998 | 17.65 | 18.38 | 18.58 | 18.64 | 18.07 | 16.61 | 15.71 | 15.86 | 16.19 | 16.64 | 16.69 | 16.53
1999 | 17.30 | 1897 | 18.03 | 18.78 | 17.65 | 16.23 | 15.30 | 15.51 | 16.01 | 16.26 | 16.44 | 16.60
2000 |17.23 | 1848 | 19.10 | 18.44 | 17.31 | 16.02 | 15.16 | 1541 | 16.19 | 16.40 | 16.37 | 16.84
2001 |17.13 | 18.24 | 17.79 | 18.29 | 17.48 | 16.19 | 15.67 | 1593 | 16.32 | 16.68 | 16.58 | 17.08
2002 | 1692 | 1793 | 1799 | 1844 | 17.79 | 16.43 | 1599 | 1555 | 16.01 | 16.99 | 16.96 | 9.24
2003 | 17.13 | 18.65 | 18.89 | 18.44 | 1848 | 16.64 | 15.64 | 15.72 | 16,12 | 17.23 | 17.31 | 16.56
2004 | 17.54 | 17.72 | 1858 | 1795 | 17.52 | 16.12 | 15.54 | 15.82 | 16.15 | 12.88 | 17.20 | 16.97
2005 | 17.20 | 18.83 | 18.72 | 18.68 | 17.65 | 16.71 | 15.88 | 16.24 | 16.46 | 16.78 | 16.75 | 16.53
2006 | 17.58 | 18.59 | 18.16 | 18.02 | 17.66 | 16.71 | 16.37 | 15.75 | 16.25 | 17.40 | 17.34 | 16.90
Relative Humidity (%)

YEAR JAN | FEB | MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
RH 0.69 | 0.63 | 0.68 0.71 0.76 0.83 0.86 0.87 0.85 0.76 0.69 0.64
Sunshine Hours (Hrs)

YEAR | JAN FEB | MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
SSH 12.31 | 8.02 | 8.01 7.03 7.48 5.63 396 | 4.06 5.87 8.32 9.00 9.51
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Station Name: Gojeb Shebe

Station Number: 091011

Runoff (mm/day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.278 | 0.219 | 0.232 | 0.376 | 1.154 | 1.842 | 2.784 | 3.996 | 5.442 | 1.457 | 0.738 | 0.389
1986 | 0.245 | 0.264 | 0.341 | 0.441 | 0.597 | 2.122 | 2.109 | 2.703 | 3.000 | 1.099 | 0.448 | 0.370
1987 | 0.231 | 0.208 | 0.324 | 0.373 | 0.598 | 1.153 | 2.252 | 2.554 | 2.318 | 1.582 | 1.056 | 0.461
1988 | 0.383 | 0.321 | 0.251 | 0.191 | 0.496 | 1.229 | 2.172 | 5.471 | 5410 | 5.358 | 0.771 | 0.392
1989 | 0.341 | 0.315 | 0.297 | 0.703 | 0.644 | 0.947 | 2.438 | 2.242 | 5.543 | 2.082 | 0.708 | 1.069
1990 | 0.515 | 0.463 | 0.678 | 0.648 | 0.806 | 2.405 | 2.382 | 4.558 | 4.116 | 2.504 | 0.825 | 0.533
1991 | 0.382 | 0.323 | 0.333 | 0.473 | 0.660 | 2.947 | 4.755 | 3.112 | 2.083 | 1.125 | 0.515 | 0.434
1992 | 0.297 | 0.337 | 0.287 | 0.450 | 1.202 | 1.729 | 3.259 | 3.332 | 3.366 | 4.365 | 1.185 | 0.602
1993 | 0.475 | 0.482 | 0.401 | 0.872 | 2.093 | 2.745 | 3.734 | 2994 | 3.169 | 2.099 | 0.900 | 0.441
1994 | 0.324 | 0.235 | 0.254 | 0.288 | 0.686 | 1.733 | 4.113 | 4980 | 3.912 | 0.931 | 0.670 | 0.488
1995 | 0.308 | 0.252 | 0.251 | 0.363 | 0.826 | 1.571 | 2.059 | 2.998 | 2.874 | 1.971 | 0.653 | 0.691
1996 | 1.519 | 1.519 | 0.703 | 0.994 | 1.713 | 3.548 | 3.253 | 3.427 | 3.874 | 2.572 | 0.718 | 0.549
1997 | 0.463 | 0.305 | 0.356 | 0.563 | 1.125 | 0.119 | 2.359 | 2.705 | 2.158 | 4.256 | 0.154 | 1.683
1998 | 0.211 | 0.602 | 0.410 | 0.589 | 1.757 | 1.312 | 3.314 | 6.570 | 3.627 | 2.748 | 1.150 | 0.160
1999 | 0.027 | 0.009 | 0.006 | 0.078 | 1.145 | 1.836 | 4.043 | 3.542 | 1.981 | 3.887 | 0.778 | 0.076
2000 | 0.007 | 0.005 | 0.004 | 0.637 | 2.184 | 2.369 | 4.213 | 4.083 | 3.621 | 4.298 | 0.106 | 0.362
2001 | 0.080 | 0.029 | 0.151 | 0.384 | 0.889 | 3.143 | 4.874 | 4.270 | 4.869 | 3.786 | 0.171 | 0.362
2002 | 0.478 | 0.507 | 0.346 | 0.440 | 0.383 | 1.143 | 1.927 | 2.780 | 2.178 | 1.337 | 0.402 | 0.330
2003 | 0.131 | 0.079 | 0.364 | 0.578 | 0.348 | 1.134 | 2.775 | 2.936 | 3.646 | 1.143 | 0.467 | 0.470
2004 | 0.374 | 0.350 | 0.262 | 0.277 | 0.726 | 1.447 | 2.453 | 3.357 | 3.929 | 2.908 | 0.308 | 0.282
2005 | 0.616 | 0.473 | 0.653 | 0.604 | 1.662 | 1.464 | 2.568 | 4.608 | 4.484 | 2.034 | 0.966 | 0.640
2006 | 0.567 | 0.618 | 0.637 | 0.018 | 0.024 | 0.032 | 4.330 | 5.922 | 3.925 | 2.039 | 1.292 | 1.091
Precipitation (mm /day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.520 | 1.286 | 3.816 | 6.180 | 8.075 | 6.426 | 8.089 | 9.456 | 5.082 | 2.610 | 2.542 | 1.368
1986 | 0.253 | 2.976 | 3.601 | 6.167 | 6.376 | 9.505 | 7.161 | 7.019 | 6.132 | 3.708 | 1.332 | 3.565
1987 | 1.237 | 2913 | 3.851 | 4595 | 8457 | 6.044 | 3.985 | 7.849 | 5513 | 5403 | 1.124 | 2.236
1988 | 2.443 | 1.682 | 0.511 | 3.453 | 5.759 | 8.317 | 8.495 | 13.825 | 12.806 | 6.405 | 0.203 | 0.617
1989 | 1.595 | 1.487 | 4.815 | 6977 | 4478 | 7.803 | 8.640 | 8.059 | 8.065 | 4.503 | 1.922 | 4.865
1990 | 0.952 | 4.364 | 8.660 | 5335 | 10.061 | 9.932 | 3.030 | 9.329 | 7.058 | 2.842 | 3.124 | 1.274
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1991 | 2.656 | 3.021 | 3.640 | 6.717 | 7.276 | 7.939 | 5.760 | 8.505 | 5.966 | 2.619 | 1.761 | 0.803
1992 | 1.766 | 2.620 | 3.005 | 5.098 | 6.811 | 8.213 | 6.550 | 7.118 | 5.883 | 8.960 | 3.323 | 2.087
1993 | 1.259 | 2.827 | 3.213 | 5490 | 7.748 | 7.698 | 5.474 | 4.191 | 6.335 | 5.422 | 0.608 | 0.355
1994 | 0.438 | 0.700 | 2.299 | 4.625 | 11.088 | 1.251 | 9.607 | 6.563 | 5.918 | 2.067 | 4.202 | 1.369
1995 | 0.101 | 1.737 | 2.217 | 6.088 | 6.062 | 5.906 | 3.859 | 6.925 | 7.255 | 1.950 | 1.541 | 5.548
1996 1.846 | 1.496 | 6.850 | 9.348 | 5.689 6.863 | 6.730 | 4.754 6.263 1.931 2.403 | 1.210
1997 2.227 | 0.169 | 3.687 | 8.039 | 7.379 8.798 | 6.313 | 7.133 5.372 10.148 | 5.947 | 5.135
1998 | 4.689 | 0.834 | 5.056 | 6.423 | 6.612 | 8.339 | 6.721 | 10.833 | 6.350 | 7.277 | 1.047 | 0.010
1999 | 0.550 | 0.371 | 3.127 | 6.973 | 7.029 | 4.898 | 6.503 | 6.206 | 5.251 | 4.192 | 0.687 | 0.794
2000 | 0.054 | 0.148 | 1.788 | 5.741 | 7.221 | 6.525 | 7.026 | 5.433 | 6.086 | 5.766 | 0.787 | 1.128
2001 | 0.491 | 1.308 | 3.599 | 4.439 | 7.955 | 8451 | 7.430 | 5.663 | 5.703 | 4.867 | 1.939 | 0.914
2002 | 1.275 | 0.108 | 3.535 | 4.725 | 4.169 | 5199 | 6.214 | 5.511 | 4.614 | 2.789 | 1.391 | 4.164
2003 | 1.776 | 0.527 | 3.845 | 6.092 | 2469 | 8.213 | 6.174 | 6.954 | 6.786 | 1.648 | 1.820 | 2.032
2004 4.046 | 0.872 | 2.669 | 6.021 | 7.736 5.861 | 5.486 | 3.071 5.583 2.495 2.371 | 2.113
2005 0.426 | 0.703 | 6.180 | 6.837 | 8.114 4479 | 6.003 | 6.849 8.566 3.866 3.061 | 0.025
2006 1.334 | 2.787 | 5.885 | 3.405 | 7.008 7.694 | 4.775 | 9.338 5.310 2.711 4.865 | 2.180
Temperature (°C)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 1649 | 17.11 | 1742 | 1981 | 19.61 | 18.86 | 17.73 | 17.79 | 18.07 | 18.34 | 18.44 | 18.44
1986 1891 | 19.48 | 15.06 | 15.54 | 15.67 | 1891 | 18.03 | 17.99 | 18.09 | 18.31 | 18.47 | 18.24
1987 18.57 | 19.34 | 19.46 | 20.11 | 1991 | 19.09 | 18.40 | 18.14 | 18.24 | 18.62 | 18.42 | 18.50
1988 18.78 | 19.68 | 20.29 | 20.23 | 20.06 | 19.19 | 18.03 | 17.87 | 18.21 | 18.39 | 18.64 | 18.69
1989 18.84 | 19.14 | 19.58 | 19.74 | 1991 | 18.87 | 17.90 | 18.04 | 18.11 | 18.76 | 18.95 | 11.77
1990 18.94 | 1891 | 19.28 | 20.08 | 20.09 | 19.06 | 18.16 | 17.77 | 18.32 | 18.71 | 18.54 | 18.25
1991 18.69 | 19.33 | 19.81 | 20.04 | 1997 | 19.44 | 17.82 | 17.89 | 18.29 | 18.41 | 18.54 | 18.54
1992 18.76 | 19.33 | 19.76 | 20.29 | 19.87 | 19.12 | 18.30 | 18.07 | 18.27 | 18.42 | 18.30 | 18.44
1993 | 18.67 | 19.23 | 19.51 | 13.21 | 19.50 | 1891 | 17.82 | 17.89 | 18.18 | 17.97 | 17.97 | 18.07
1996 | 18.61 | 18.71 | 19.14 | 19.59 | 19.16 | 18.74 | 18.61 | 18.71 | 18.96 | 16.34 | 16.38 | 19.27
1997 | 19.38 | 20.58 | 20.71 | 20.38 | 20.31 | 19.47 | 18.68 | 18.59 | 18.91 | 18.79 | 18.55 | 18.67
1998 | 18.78 | 19.49 | 19.81 | 20.46 | 20.24 | 19.29 | 18.31 | 18.07 | 18.37 | 18.56 | 18.24 | 18.27
1999 | 18.79 | 19.86 | 19.86 | 20.08 | 19.74 | 18.87 | 18.05 | 18.04 | 18.26 | 17.39 | 17.68 | 17.95
2000 | 1831 | 18.67 | 1898 | 19.62 | 19.50 | 1891 | 17.82 | 17.89 | 18.18 | 17.97 | 17.97 | 18.07
2001 18.61 | 19.16 | 19.16 | 19.62 | 19.50 | 18.59 | 18.03 | 17.89 | 18.18 | 17.97 | 17.97 | 18.07
2002 | 17.69 | 1847 | 1834 | 18,57 | 1851 | 17.77 | 15.61 | 15.62 | 16.04 | 16.16 | 16.07 | 15.73
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2003 18.61 | 1887 | 19.16 | 19.62 | 19.50 | 1892 | 1782 | 17.89 | 18.18 | 1797 | 1797 | 18.07
2004 18.52 | 19.16 | 19.16 | 19.62 | 19.50 | 1892 | 1782 | 17.89 | 18.18 | 1797 | 1797 | 18.07
2005 18.52 | 19.16 | 19.16 | 19.62 | 19.50 | 1892 | 1782 | 17.89 | 18.18 | 1797 | 1797 | 18.07
2006 18.17 | 19.33 | 1949 | 19.81 | 1996 | 18,51 | 15.58 | 1791 | 1834 | 16.37 | 16.32 | 15.88
Relative Humidity (%)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0.65 | 0.66 | 0.67 0.72 0.77 0.84 0.86 0.89 0.88 0.82 0.78 0.73
Sunshine Hours (Hrs)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
7.54 | 6.68 | 6.42 6.53 6.06 4.99 3.22 3.68 5.00 6.86 7.58 8.00
Station Name: Gumma Nr.Andaracha
Station Number: 092004
Runoff (mm/day)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.06 | 0.06 | 0.11 0.54 0.61 0.95 4.14 5.03 5.72 1.26 0.46 0.37
1986 0.07 | 0.14 | 0.33 0.52 0.62 1.58 1.48 0.95 3.82 1.09 0.20 0.24
1987 0.08 | 0.06 | 0.11 0.18 2.01 1.15 4.66 3.52 2.25 1.11 0.21 0.22
1988 0.20 | 0.30 | 0.16 0.21 0.34 0.90 7.88 8.17 5.71 2.65 0.20 0.07
1989 0.17 | 0.08 | 0.18 1.09 0.51 1.14 4.99 3.24 2.34 1.01 0.25 0.64
1990 0.17 | 0.29 | 1.11 0.38 0.75 1.17 2.68 4.67 2.56 1.33 0.39 0.16
1991 0.20 | 0.13 | 0.36 0.51 0.84 1.74 3.34 4.42 2.39 0.92 0.20 0.29
1992 0.13 | 0.36 | 0.36 0.44 0.88 3.89 3.69 2.83 4.59 3.74 0.62 0.37
1993 0.19 | 0.30 | 0.22 1.03 343 3.55 4.51 3.19 2.95 3.99 0.34 0.14
1994 0.09 | 0.05 | 0.13 0.23 1.08 1.25 5.48 3.94 3.40 0.34 0.41 0.19
1995 0.08 | 0.14 | 0.18 0.64 0.77 0.71 4.51 4.46 2.60 0.60 0.20 0.22
1996 0.30 | 0.12 | 0.50 1.43 2.05 2.44 2.02 2.50 4.68 1.05 0.36 0.18
1997 0.21 | 0.11 | 0.18 1.79 1.39 2.24 7.09 1.07 5.10 2.40 0.28 0.64
1998 040 | 0.21 | 112 0.57 1.86 3.37 2.84 5.98 3.02 2.83 0.48 0.15
1999 0.09 | 0.06 | 0.14 0.15 1.74 1.90 4.30 2.62 1.75 1.66 0.45 0.16
2000 0.08 | 0.05 | 0.05 0.19 1.12 0.40 5.87 6.17 2.34 2.49 0.35 0.17
2001 0.08 | 0.05 | 0.05 0.19 1.12 0.40 5.87 6.17 2.34 2.49 0.45 0.17
2002 0.60 | 0.85 | 0.89 0.64 4.25 3.76 4.24 2.73 1.72 1.24 0.40 0.46
2003 0.56 | 0.28 | 0.80 0.71 0.67 1.48 2.46 5.45 2.42 0.71 0.46 0.58
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2004 0.43 | 0.29 | 0.48 0.56 0.32 1.70 2.82 3.72 7.38 0.71 0.23 0.51
2005 0.25 | 0.23 | 0.47 0.67 1.41 1.84 3.88 3.81 3.22 2.36 1.08 | 0.30
2006 0.25 | 0.23 | 0.46 0.65 1.39 1.80 3.79 3.88 3.24 2.14 136 | 0.31
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 1.227 | 1.342 | 3.549 | 5571 | 9.723 | 6.619 | 8.087 | 8509 | 5.676 | 3.391 | 3.972 | 1.468
1986 | 0.315 | 3.327 | 3.446 | 4922 | 6465 | 7.129 | 7906 | 6.469 | 5.848 | 2.956 | 2.129 | 3.130
1987 | 1.306 | 3.189 | 4.531 | 5.508 | 7.751 | 4.471 | 4.833 | 7.067 | 4.515 | 2.781 | 0.872 | 3.185
1988 | 2.669 | 2.416 | 0.939 | 3.481 | 4.790 | 7.666 | 3.774 | 10919 | 9.538 | 7.190 | 0.560 | 1.161
1989 | 1.504 | 1.132 | 4.624 | 6.704 | 3.379 | 5.227 | 6.561 | 7.067 | 5.800 | 4.586 | 1.105 | 4.121
1990 | 1.516 | 4.107 | 6.567 | 5357 | 9.761 | 7.676 | 4.377 | 8592 | 7.551 | 2.397 | 2.966 | 1.756
1991 | 2.408 | 2.277 | 4.397 | 7.486 | 7.194 | 7.851 | 6.296 | 9.109 | 6.553 | 2.288 | 1.803 | 1.433
1992 | 2.586 | 3.143 | 3.405 | 3.997 | 6.107 | 8583 | 6.758 | 6.978 | 5.756 | 9.434 | 3.475 | 2.120
1993 | 3.486 | 3.007 | 3.367 | 7.528 | 8.387 | 8133 | 5959 | 4.291 | 6.976 | 5.813 | 0.551 | 0.168
1994 | 0.356 | 0.545 | 2.343 | 5530 | 9.419 | 6.616 | 8329 | 5230 |5.032 | 1.908 | 3.708 | 0.950
1995 | 0.018 | 1.504 | 1.963 | 5312 | 5.617 | 5367 | 5.461 | 6.945 | 7.385 | 1.954 | 1.203 | 5.008
1996 | 1.529 | 1.253 | 5.460 | 7.263 | 6.049 | 6.211 | 5.926 | 5.427 | 6.672 | 2.809 | 2.929 | 0.832
1997 | 2.716 | 0.330 | 4.332 | 7990 | 7.054 | 7.408 | 6.125 | 5.652 | 4.926 | 8.800 | 7.090 | 4.899
1998 | 3.875 | 1.311 | 2.768 | 6.219 | 7.347 | 7.705 | 6.577 | 9.498 | 6.359 | 6.206 | 0.586 | 0.005
1999 | 1.471 | 0.288 | 3.459 | 6.411 | 6.100 | 4.482 | 5.889 | 4.400 | 5.074 | 5.196 | 0.702 | 0.805
2000 | 0.163 | 0.175 | 2.888 | 6.009 | 7.304 | 5.344 | 7.827 | 4.835 | 4.634 | 7.745 | 1.044 | 0.966
2001 | 0.177 | 1.940 | 3.831 | 5.296 | 9.139 | 7.002 | 6.553 | 6.172 | 6.542 | 4.423 | 2.245 | 0.449
2002 | 1.253 | 0.530 | 5.497 | 4463 | 4.024 | 7.533 | 5.527 | 5402 | 5341 | 4.661 | 1.059 | 3.991
2003 | 1.616 | 0.744 | 2.586 | 6.991 | 2.167 | 10.716 | 12.452 | 12.008 | 9.434 | 1.208 | 1.719 | 1.492
2004 | 3.597 | 0.563 | 3.022 | 6.936 | 5.150 | 4.126 | 5376 | 7.695 | 7.848 | 2.921 | 2.543 | 3.131
2005 | 0914 | 1.178 | 5.362 | 5.745 | 9.418 | 6.211 | 5.668 | 6.691 | 7.236 | 4.525 | 2.835 | 0.000
2006 | 1.144 | 2.564 | 5.646 | 3.179 | 8.093 | 6.456 | 8304 | 7.591 | 5.863 | 4.341 | 4.142 | 3.065
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
19.30 | 19.98 | 20.26 | 20.34 | 20.07 | 19.14 | 18.32 | 18.64 | 18,51 | 18.94 | 18.94 | 19.02
Relative Humidity (%)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.70 | 0.72 | 0.75 0.80 0.84 | 0.90 0.91 0.91 0.88 0.84 0.85 0.79
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Sunshine Hours (Hrs)

YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
7.20 | 6.37 | 6.06 6.29 5.72 4.69 3.05 3.35 4.69 6.52 7.20 7.66
Station Name: Kulti Nr. Wolkite
Station Number: 091026
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.069 | 0.055 | 0.040 | 0.067 | 0.150 | 0.292 | 1.997 | 2.477 | 2.285 | 0.575 | 0.230 | 0.131
1986 | 0.079 | 0.082 | 0.077 | 0.073 | 0.068 | 0.576 | 1.807 | 2.050 | 2.461 | 0.629 | 0.211 | 0.130
1987 | 0.085 | 0.069 | 0.146 | 0.116 | 0.220 | 0.770 | 1.457 | 2.708 | 1.402 | 0.520 | 0.211 | 0.149
1988 | 0.105 | 0.085 | 0.055 | 0.053 | 0.058 | 0.147 | 2.208 | 2.743 | 3.719 | 1.413 | 0.341 | 0.185
1989 | 0.129 | 0.095 | 0.094 | 0.121 | 0.084 | 0.267 | 2.163 | 6.826 | 2.869 | 0.736 | 0.249 | 0.180
1990 | 0.132 | 0.142 | 0.103 | 0.201 | 0.083 | 0.158 | 1.310 | 3.817 | 1.462 | 0.433 | 0.056 | 0.003
1991 | 0.045 | 0.043 | 0.050 | 0.019 | 0.008 | 0.071 | 0.690 | 2.566 | 1.890 | 0.445 | 0.103 | 0.060
1992 | 0.067 | 0.090 | 0.040 | 0.046 | 0.091 | 0.252 | 1.454 | 5.261 | 4.266 | 1.265 | 0.203 | 0.138
1993 | 0.120 | 0.088 | 0.047 | 0.231 | 0.376 | 1.200 | 4.650 | 6.248 | 5.256 | 0.679 | 0.208 | 0.521
1994 | 0.284 | 0.253 | 0.197 | 0.115 | 0.122 | 0.247 | 2.573 | 6.189 | 2.707 | 0.518 | 0.255 | 0.174
1995 | 0.132 | 0.117 | 0.100 | 0.214 | 0.246 | 0.211 | 0.824 | 3.238 | 1.834 | 0.415 | 0.213 | 0.164
1996 | 0.120 | 0.065 | 0.307 | 0.506 | 0.686 | 2.018 | 2.113 | 2.981 | 2.266 | 0.892 | 0.389 | 0.257
1997 | 0.216 | 0.142 | 0.128 | 0.191 | 0.170 | 0.411 | 1.625 | 2.865 | 1.045 | 0.433 | 0.317 | 0.214
1998 | 0.200 | 0.166 | 0.195 | 0.125 | 0.270 | 0.582 | 2.085 | 6.728 | 3.572 | 3.240 | 0.777 | 0.442
1999 | 0.354 | 0.269 | 0.257 | 0.224 | 0.304 | 0.548 | 1.654 | 3.890 | 2.266 | 2.764 | 0.733 | 0.478
2000 | 0.074 | 0.056 | 0.046 | 0.083 | 0.125 | 0.383 | 3.007 | 5.981 | 2.235 | 1.168 | 0.198 | 0.130
2001 | 0.078 | 0.066 | 0.122 | 0.094 | 0.334 | 0.841 | 2.035 | 5.385 | 1.206 | 0.289 | 0.133 | 0.087
2002 | 0.164 | 0.072 | 0.105 | 0.088 | 0.105 | 0.397 | 0.978 | 4.607 | 0.678 | 0.178 | 0.086 | 0.074
2003 | 0.066 | 0.056 | 0.072 | 0.169 | 0.102 | 0.216 | 4.761 | 2.052 | 0.858 | 0.290 | 0.158 | 0.082
2004 | 0.086 | 0.065 | 0.092 | 0.583 | 0.178 | 0.466 | 1.482 | 2.753 | 1.346 | 0.726 | 0.254 | 0.178
2005 | 0.155 | 0.129 | 0.207 | 0.217 | 0.320 | 0.303 | 2.470 | 2.398 | 2.536 | 0.699 | 0.265 | 0.209
2006 | 0.170 | 0.161 | 0.325 | 0.475 | 0.565 | 0.655 | 1.971 | 5.495 | 2.197 | 0.715 | 0.190 | 0.136
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
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1985 | 0.329 | 0.000 | 0.599 | 2.576 | 7.105 | 5878 | 7.046 | 7.385 | 7.697 | 1.622 | 0.066 | 0.099
1986 | 0.000 | 0.266 | 2.125 | 2.536 | 1.132 | 10.819 | 7977 | 5365 | 4954 | 1.901 | 0.253 | 0.250
1987 | 0.339 | 0.457 | 1.885 | 2.947 | 5.289 | 8.428 | 6.487 | 8980 | 8760 |3.188 | 0.181 | 0.510
1988 | 0.595 | 1.391 | 0.697 | 1.250 | 3.184 | 6.405 | 6.569 | 5286 | 4.753 | 3.980 | 0.214 | 0.072
1989 | 0.188 | 0.250 | 4.332 | 1.434 | 2.500 | 5.842 | 7.612 | 14.612 | 0.664 | 4.030 | 0.000 | 3.151
1990 0.112 | 1.007 | 3.135 | 2.786 | 4.095 | 8.184 0.000 8.204 3.365 | 0.668 | 0.799 | 0.000
1991 0.803 | 1.319 | 2.299 | 0.000 | 2.132 | 8.952 8.879 7.761 3.828 | 0.469 | 0.048 | 0.148
1992 | 1.082 | 2.350 | 1.497 | 3.132 | 2.612 | 6.010 | 8155 | 11.105 | 4.289 | 2.322 | 0.842 | 0.000
1993 | 0.082 | 1.099 | 1.589 | 7.405 | 6.214 | 5970 | 5.648 | 13.809 | 5.780 | 3.993 | 0.066 | 0.000
1994 | 0.457 | 0.000 | 1.878 | 2.207 | 4.803 | 2.632 | 11.204 | 9.799 | 3.707 | 0.164 | 0.039 | 0.000
1995 | 0.000 | 0.000 | 2.503 | 4.724 | 2.664 | 5.013 | 7.868 | 10.016 | 2.753 | 0.444 | 0.516 | 0.546
1996 | 1.477 | 0.000 | 3.201 | 3.280 | 5.829 | 5.668 | 9.109 | 5855 | 6.888 | 0.000 | 0.789 | 0.497
1997 | 0.908 | 0.000 | 0.447 | 3.586 | 3.112 | 7.316 | 8375 | 6.237 | 5227 |3.789 | 2.602 | 0.227
1998 0.211 | 0.000 | 0.618 | 0.980 | 5.461 | 9.280 11.276 | 8.224 6.559 | 6.641 | 0.000 | 0.000
1999 0.000 | 0.000 | 0.000 | 2.352 | 5.151 | 7.086 6.964 3.813 6.898 | 6.924 | 0.072 | 0.000
2000 0.000 | 0.000 | 0.000 | 5.247 | 3.556 | 7.112 7.207 10.477 | 3.359 | 3.951 | 0.743 | 0.115
2001 0.000 | 0.993 | 1.431 | 1.513 | 4.470 | 9.980 10.664 | 9.053 5.951 | 5.391 | 0.928 | 0.000
2002 0.865 | 0.095 | 2.526 | 2.553 | 0.941 | 7.359 5.865 5.836 2.421 | 0.181 | 0.000 | 0.954
2003 0.000 | 0.819 | 1.641 | 1.829 | 0.063 | 6.194 | 9.490 8.704 | 4.556 | 0.628 | 0.000 | 0.480
2004 0.237 | 0.309 | 0.602 | 1.352 | 1.026 | 7.507 | 9.497 6.026 5.385 | 1.543 | 0.164 | 0.474
2005 | 0.000 | 0.000 | 2.579 | 1.168 | 2.273 | 8.684 | 6.092 | 6.859 | 5.230 | 1.211 | 2.217 | 0.000
2006 | 0.000 | 0.148 | 1.691 | 2.316 | 4.115 | 8438 | 7.595 | 13.546 | 6.770 | 3.023 | 0.730 | 1.342
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG SEP OCT NOV DEC
19.30 | 21.10 | 21.70 | 22.10 | 21.00 | 19.60 | 18.50 | 18.50 | 18.90 | 19.00 | 19.20 | 19.10
Relative Humidity (%)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.56 | 0.62 | 0.59 0.59 0.72 0.80 0.85 0.87 0.86 0.88 0.65 0.62
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
8.52 | 8.88 | 6.36 7.68 5.64 588 | 4.80 3.72 5.64 6.96 8.40 9.00
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Station Name: Megech Nr. Gubere

Station Number: 091005

Runoff (mm/day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.076 | 0.074 | 0.071 | 0.141 | 0.524 | 0.455 | 1.362 | 4.635 | 2.479 | 0.456 | 0.124 | 0.081
1986 | 0.049 | 0.058 | 0.110 | 0.326 | 0.572 | 1.614 | 3.408 | 2.770 | 2.278 | 0.421 | 0.132 | 0.078
1987 | 0.050 | 0.050 | 0.448 | 1.803 | 0.355 | 1.798 | 1.263 | 2.389 | 1.981 | 0.364 | 0.129 | 0.078
1988 | 0.065 | 0.088 | 0.075 | 0.069 | 0.139 | 0.189 | 2.857 | 5901 | 2.613 | 2.327 | 0.328 | 0.133
1989 | 0.080 | 0.082 | 0.069 | 0.695 | 0.255 | 0.392 | 2.857 | 2.658 | 1.978 | 0.715 | 0.163 | 0.131
1990 | 0.069 | 0.364 | 0.882 | 1.656 | 0.518 | 1.695 | 2.840 | 3.601 | 2.059 | 0.898 | 0.202 | 0.102
1991 | 0.067 | 0.074 | 0.091 | 0.046 | 0.108 | 0.248 | 3.595 | 3.907 | 2.158 | 0.301 | 0.111 | 0.078
1992 | 0.077 | 0.200 | 0.148 | 0.344 | 0.364 | 1.365 | 3.011 | 8.614 | 2.469 | 0.833 | 0.323 | 0.201
1993 | 0.097 | 0.152 | 0.052 | 0.323 | 1.157 | 0.907 | 5.604 | 3.408 | 2.250 | 0.947 | 0.213 | 0.092
1994 | 0.050 | 0.036 | 0.106 | 0.110 | 0.174 | 0.253 | 3.965 | 5.399 | 1.865 | 0.701 | 0.137 | 0.093
1995 | 0.056 | 0.066 | 0.063 | 0.363 | 0.198 | 0.164 | 1.818 | 3.621 | 2.765 | 0.282 | 0.115 | 0.084
1996 | 0.124 | 0.058 | 0.542 | 0.799 | 1.700 | 4.889 | 3.589 | 5.364 | 1.448 | 0.544 | 0.141 | 0.093
1997 | 0.090 | 0.047 | 0.076 | 0.796 | 0.153 | 0.113 | 1.081 | 2.467 | 0.732 | 0.583 | 0.333 | 0.097
1998 | 0.119 | 0.053 | 0.098 | 0.150 | 0.380 | 0.553 | 4.554 | 3.525 | 2.944 | 2.346 | 0.337 | 0.168
1999 | 0.141 | 0.112 | 0.093 | 0.072 | 0.166 | 0.559 | 2.057 | 3.722 | 0.993 | 1.682 | 0.275 | 0.115
2000 | 0.100 | 0.067 | 0.058 | 0.066 | 0.095 | 0.090 | 0.736 | 2.919 | 1.722 | 0.729 | 0.209 | 0.129
2001 | 0.108 | 0.085 | 0.132 | 0.127 | 1.048 | 2.275 | 4.212 | 5.239 | 2.288 | 0.541 | 0.201 | 0.132
2002 | 0.157 | 0.098 | 0.160 | 0.118 | 0.192 | 0.617 | 1.584 | 2.351 | 0.867 | 0.185 | 0.080 | 0.067
2003 | 0.059 | 0.048 | 0.065 | 0.175 | 0.124 | 0.218 | 1.986 | 3.546 | 1.812 | 0.534 | 0.141 | 0.088
2004 | 0.081 | 0.057 | 0.050 | 0.497 | 0.218 | 0.269 | 1.467 | 3.777 | 1.666 | 1.231 | 0.279 | 0.184
2005 | 0.158 | 0.128 | 0.220 | 0.232 | 0.364 | 0.341 | 2.417 | 2.577 | 1.898 | 0.408 | 0.129 | 0.066
2006 | 0.043 | 0.035 | 0.206 | 1.131 | 0.802 | 0.522 | 1.863 | 3.907 | 2.112 | 0.577 | 0.199 | 0.136
Precipitation (mm /day)

YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.533 | 0.000 | 0.789 | 4.546 | 5.697 | 5.898 | 9.589 | 7.234 | 4.250 | 0.589 | 0.178 | 0.053
1986 | 0.000 | 1.420 | 1.852 | 3.158 | 3.712 | 6.891 | 8440 | 5946 | 5990 | 1.152 | 0.042 | 0.045
1987 | 0.000 | 1.714 | 2.543 | 3.688 | 2.355 | 5.882 | 3.549 | 6.688 | 2.510 | 1.990 | 0.000 | 0.000
1988 | 0.852 | 1.974 | 0.655 | 0.000 | 2.000 | 5.293 | 10.947 | 7.095 | 7.694 | 3.592 | 0.000 | 0.000
1989 | 0.000 | 0.372 | 3.635 | 2.813 | 3.776 | 4115 | 10.076 | 9.164 | 6.339 | 2.000 | 2.293 | 1.757
1990 | 0.457 | 4.730 | 2.102 | 2.510 | 2.628 | 5.276 | 8.398 | 9.882 | 7.105 | 0.829 | 0.385 | 0.039
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1991 | 0.000 | 3.592 | 3.214 | 0.447 | 6.128 | 10.191 | 9.046 | 7.303 | 4.016 | 0.230 | 0.000 | 1.207
1992 | 0.553 | 4.270 | 0.984 | 8.135 | 6.424 | 11.783 | 10.753 | 23.589 | 3.592 | 1.839 | 3.803 | 0.135
1993 | 1.049 | 4.484 | 2.796 | 8181 | 6.691 | 8.320 | 10.188 | 8.747 | 5.115 | 0.135 | 0.000 | 0.000
1994 | 0.000 | 0.286 | 7.497 | 5984 | 6.819 | 6.079 | 11.938 | 4.809 | 7.595 | 0.112 | 0.813 | 0.000
1995 | 0.000 | 0.891 | 1.326 | 10.523 | 2.497 | 4.214 | 8.289 | 12.977 | 0.924 | 0.602 | 0.000 | 1.829
1996 3.467 | 0.398 | 7.664 | 5.753 8.020 | 10.921 | 10.740 | 13.053 | 5.391 | 1.046 | 0.832 | 0.135
1997 2.451 | 0.000 | 3.178 | 6.776 3.842 | 1.605 8.243 5.026 4490 | 4.414 | 1.750 | 0.000
1998 | 0.734 | 0.681 | 4.010 | 1.056 | 3.211 | 6.372 | 11.563 | 7.839 | 2.609 | 0.520 | 0.000 | 0.000
1999 | 0.138 | 0.000 | 0.000 | 0.711 | 2.385 | 7.391 | 8.789 | 4.105 | 6.625 | 6.536 | 0.000 | 0.000
2000 | 0.000 | 0.000 | 0.000 | 1.263 | 3.247 | 5.566 | 10.201 | 7.546 | 4.559 | 1.780 | 0.816 | 0.138
2001 | 0.204 | 0.365 | 2.207 | 1.230 | 3.467 | 5.086 | 13.184 | 8.987 | 3.842 | 3.217 | 0.112 | 0.181
2002 | 1.546 | 0.197 | 2.526 | 1.918 | 5.526 | 9.148 | 8368 | 7.638 | 2.964 | 0.000 | 0.000 | 1.243
2003 | 0.579 | 2.089 | 2.513 | 4.043 | 0.459 | 6477 | 12.151 | 7.171 | 6.668 | 0.832 | 0.332 | 0.306
2004 1.678 | 0.326 | 0.990 | 3.214 2911 | 6.826 2.707 6.720 5.263 | 0.109 | 0.207 | 0.339
2005 0.930 | 0.072 | 2.742 | 3.745 3.742 | 6.750 7914 9.545 5.321 | 2.092 | 0.619 | 0.043
2006 0.111 | 1.600 | 3.594 | 3.019 3.802 | 6.462 9.463 8.686 6.264 | 2.381 | 0.245 | 0.313
Temperature (°C)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 18.09 | 18.61 | 1894 | 18.78 | 18.32 | 15.19 | 14.34 | 14.10 | 14.52 | 15.19 | 15.03 | 15.57
1986 1593 | 16.63 | 16.79 | 16.86 | 16.55 | 15.19 | 14.34 | 14.10 | 14.52 | 15.19 | 15.03 | 15.57
1987 18.74 | 19.67 | 1840 | 18.48 | 18.11 | 16.67 | 15.82 | 15.56 | 16.06 | 16.78 | 16.71 | 17.30
1988 18.38 | 19.17 | 1946 | 1942 | 1893 | 17.43 | 16.43 | 16.22 | 16.70 | 17.39 | 17.20 | 17.74
1989 18.06 | 1894 | 19.16 | 19.12 | 1888 | 17.34 | 16.43 | 16.17 | 16.66 | 17.36 | 17.35 | 17.86
1990 18.18 | 1899 | 19.19 | 19.28 | 1893 | 17.36 | 16.43 | 16.21 | 16.69 | 17.45 | 17.39 | 17.82
1991 18.39 | 19.11 | 19.28 | 19.44 | 16.55 | 17.53 | 16.44 | 16.20 | 16.72 | 17.46 | 17.34 | 17.81
1992 18.27 | 19.02 | 19.35 | 19.36 | 1895 | 17.37 | 16.43 | 14.10 | 14.52 | 15.19 | 15.03 | 15.57
1993 | 1593 | 16.63 | 16.79 | 16.86 | 16.55 | 15.19 | 14.34 | 14.10 | 14.52 | 15.19 | 15.03 | 15.57
1994 | 1593 | 16.63 | 16.79 | 16.86 | 16.55 | 15.19 | 14.34 | 14.10 | 14.52 | 15.19 | 15.03 | 15.57
1995 | 1593 | 16.63 | 16.79 | 16.86 | 18.98 | 17.50 | 16.45 | 16.24 | 16.68 | 17.58 | 17.39 | 18.03
1996 | 18.23 | 19.11 | 19.31 | 19.31 | 1891 | 17.39 | 16.52 | 16.21 | 16.73 | 17.45 | 17.36 | 17.83
1997 | 1831 | 19.20 | 19.47 | 19.26 | 1898 | 17.48 | 16.52 | 16.29 | 16.85 | 17.58 | 17.44 | 17.92
1998 | 1837 | 19.17 | 19.36 | 19.43 | 19.02 | 17.47 | 16.50 | 16.31 | 16.76 | 17.48 | 17.35 | 17.81
1999 18.30 | 19.29 | 19.25 | 19.46 | 1894 | 17.39 | 16.42 | 16.24 | 16.73 | 17.40 | 17.30 | 17.82
2000 | 18.28 | 19.19 | 19.46 | 19.39 | 18.87 | 17.35 | 16.39 | 16.22 | 16.76 | 17.43 | 17.28 | 17.19
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2001 17.57 | 1837 | 1840 | 19.41 | 1891 | 17.39 | 16.50 | 16.32 | 16.79 | 17.49 | 17.32 | 17.92
2002 18.22 | 19.08 | 19.24 | 19.39 | 1897 | 1743 | 16.56 | 16.24 | 16.73 | 17.55 | 17.40 | 16.33
2003 16.58 | 19.22 | 19.42 | 19.39 | 19.11 | 1748 | 1649 | 16.28 | 16.75 | 17.60 | 17.47 | 17.82
2004 18.34 | 19.04 | 19.36 | 19.29 | 1891 | 17.37 | 16.47 | 16.30 | 16.76 | 16.71 | 17.45 | 17.90
2005 18.27 | 19.26 | 19.39 | 19.44 | 1894 | 1749 | 16,54 | 16.38 | 16.82 | 17.51 | 17.36 | 17.81
2006 18.35 | 19.21 | 19.27 | 19.30 | 17.33 | 17.49 | 16.64 | 16.29 | 16.78 | 17.63 | 17.48 | 16.27
Relative Humidity (%)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
RH 0.64 | 0.64 | 0.70 0.69 0.78 0.82 0.85 0.89 0.87 0.73 0.69 0.61
Sunshine Hours (Hrs)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
SSH 9.56 | 7.87 | 8.12 6.90 7.72 5.51 4.13 4.03 5.52 8.74 9.49 9.32

Station Name: Wabi Nr. Wolkite

Station Number: 091004
Runoff (mm/day)
YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.058 | 0.055 | 0.051 | 0.123 | 0.488 | 0.937 | 4.207 | 13.461 | 3.338 | 0.493 | 0.193 | 0.541
1986 0.517 | 0.648 | 0.957 | 1.372 | 1.528 | 2.702 | 4.157 | 3906 | 4.201 | 0.691 | 0.230 | 0.167
1987 0.133 | 0.126 | 0.619 | 2.407 | 1.145 | 1.744 | 2.166 | 4414 1.370 | 0.368 | 0.118 | 0.077
1988 0.082 | 0.103 | 0.079 | 0.069 | 0.089 | 0.812 | 6.734 | 11.498 | 6.366 | 3.875 | 0.390 | 0.208
1989 0.086 | 0.094 | 0.079 | 0.479 | 0.092 | 0.539 | 5.751 | 6.038 4483 | 1.653 | 0.440 | 0.186
1990 0.096 | 0.544 | 1.370 | 2.641 | 0.786 | 2.705 | 5.695 | 7.464 3.946 | 1.531 | 0.280 | 0.128
1991 0.080 | 0.089 | 0.113 | 0.052 | 0.137 | 0.353 | 7.450 | 7.301 4.163 | 0.441 | 0.141 | 0.095
1992 0.093 | 0.276 | 0.197 | 0.513 | 0.546 | 2.470 | 6.086 | 20.178 | 4.855 | 1.407 | 0.478 | 0.279
1993 0.136 | 0.219 | 0.071 | 0.480 | 1.816 | 1.409 | 5.943 | 5.606 3.635 | 1.474 | 0.311 | 0.129
1994 0.069 | 0.049 | 0.150 | 0.156 | 0.251 | 0.373 | 6.430 | 8.084 | 4.119 | 0.607 | 0.192 | 0.114
1995 0.077 | 0.088 | 0.070 | 0.342 | 0.134 | 0.534 | 3.489 | 5.077 | 2904 | 0.353 | 0.132 | 0.089
1996 0.151 | 0.067 | 0.519 | 1.001 | 1.494 | 6.192 | 6.580 | 10.357 | 2.380 | 0.885 | 0.315 | 0.140
1997 0.133 | 0.075 | 0.110 | 0.624 | 0.149 | 0.258 | 1.935 | 3.432 0.800 | 0.950 | 0.356 | 0.122
1998 0.175 | 0.109 | 0.282 | 0.220 | 0.427 | 0.841 | 7.586 | 11.037 | 4.812 | 3.798 | 0.502 | 0.243
1999 0.115 | 0.067 | 0.116 | 0.086 | 0.224 | 0.892 | 3.943 | 7.752 1.718 | 3.134 | 0.397 | 0.146
2000 0.080 | 0.055 | 0.043 | 0.093 | 0.159 | 0.279 | 4.203 | 6.046 2.844 | 1.209 | 0.291 | 0.168
2001 0.085 | 0.068 | 0.153 | 0.108 | 0.580 | 1.955 | 6.262 | 7.719 3.143 | 0.479 | 0.172 | 0.098
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2002 | 0.226 | 0.077 | 0.126 | 0.100 | 0.126 | 0.727 | 2.384 | 4.590 | 1.472 | 0.252 | 0.098 | 0.080
2003 | 0.069 | 0.055 | 0.077 | 0.237 | 0.121 | 0.325 | 5.178 | 6.331 | 2.007 | 0.481 | 0.216 | 0.091
2004 | 0.097 | 0.068 | 0.106 | 1.208 | 0.253 | 0.899 | 4.125 | 9.326 | 3.633 | 1.610 | 0.404 | 0.252
2005 | 0.211 | 0.166 | 0.308 | 0.328 | 0.547 | 0.509 | 4.738 | 4.557 | 4.907 | 0.898 | 0.427 | 0.312
2006 | 0.238 | 0.221 | 0.559 | 0.922 | 1.157 | 0.825 | 3.520 | 8.193 | 4.061 | 0.925 | 0.275 | 0.178
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.723 | 0.000 | 0.702 | 3.082 | 4.383 | 4.420 |9.676 | 7.164 | 4.287 | 0.933 | 0.073 | 0.022
1986 | 0.165 | 1.341 | 2.292 | 2.594 | 3.723 | 5.810 | 7.353 | 5.692 | 4.051 | 1.136 | 0.017 | 0.042
1987 | 0.000 | 1.274 | 3.501 | 3.606 | 3.326 | 5.283 | 5.255 | 8.088 | 2.191 | 0.965 | 0.000 | 0.000
1988 | 0.685 | 1.336 | 0.458 | 0.500 | 1.004 | 7.432 | 10.675 | 8.462 | 6.833 | 2.112 | 0.000 | 0.000
1989 0.331 | 0.722 | 3.549 | 3.942 | 2.351 | 4.420 7.653 8.385 4.865 | 1.189 | 0.937 | 1.302
1990 | 0.265 | 3.678 | 1.962 | 2.765 | 2.284 | 5160 | 7.478 | 9.841 | 4.787 | 0.339 | 0.157 | 0.016
1991 | 0.105 | 1.595 | 3.459 | 0.251 | 3.147 | 6.160 | 8118 | 8312 | 3.439 | 0.131 | 0.000 | 0.836
1992 | 1.929 | 2.889 | 1.946 | 3.326 | 3.435 | 8152 | 8.182 | 15.600 | 4.131 | 1.660 | 1.638 | 0.055
1993 | 0.561 | 4.202 | 1.234 | 7.401 | 6.022 | 6.262 | 8920 | 10.188 | 8.229 | 0.757 | 0.000 | 0.000
1994 | 0.000 | 0.150 | 4.578 | 3.461 | 4.309 | 6.878 | 8.824 | 6923 | 5.299 | 0.046 | 0.394 | 0.000
1995 | 0.000 | 1.798 | 1.205 | 8.275 | 3.739 | 2.734 | 8.239 | 12.067 | 1.803 | 0.316 | 0.000 | 0.946
1996 2.030 | 0.163 | 6.097 | 5.366 | 5.416 | 10.124 | 9.033 11.139 | 4.588 | 0.546 | 0.560 | 0.055
1997 2.336 | 0.000 | 2.100 | 4.079 | 2.683 | 3.991 8.000 5.487 3.502 | 3.810 | 1.106 | 0.000
1998 1.930 | 1.784 | 1.639 | 2.656 | 3.907 | 7.610 9.917 8.801 4.016 | 1.274 | 0.000 | 0.000
1999 0.241 | 0.000 | 1.523 | 0.590 | 2.929 | 6.547 8.453 6.486 5.203 | 4.646 | 0.000 | 0.000
2000 0.000 | 0.000 | 0.099 | 1.827 | 2.842 | 4.794 8.804 7.278 5.537 | 1.303 | 0.948 | 0.399
2001 0.126 | 0.357 | 2.493 | 1.524 | 4.163 | 4.765 9.690 6.437 3.148 | 1.842 | 0.046 | 0.074
2002 1.523 | 1.660 | 2.834 | 1.869 | 3.284 | 7.740 9.146 7.747 2.353 | 0.000 | 0.000 | 1.844
2003 1.032 | 1.091 | 2.431 | 3.572 | 0.351 | 5.335 10.261 | 7.609 5.779 | 0.494 | 0.208 | 0.477
2004 | 1.930 | 0.149 | 1.346 | 4316 | 2.022 | 8.129 | 6.248 | 6.020 | 5.837 | 0.497 | 0.217 | 0.144
2005 | 1.244 | 0.030 | 3.138 | 4.740 | 4.089 | 6.262 | 6.201 | 9.308 | 4.562 | 1.145 | 0.284 | 0.103
2006 | 0.055 | 1.553 | 3.340 | 2.547 | 2.752 | 5963 | 8480 | 7.785 | 5.613 | 1.150 | 0.220 | 0.128
Temperature (°C)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
19.37 | 20.25 | 20.40 | 2042 | 19.90 | 18.38 | 17.43 | 17.19 | 17.65 | 18.62 | 18.49 | 19.17
Relative Humidity (%)
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YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
0.63 | 0.65 | 0.70 069 |0.79 | 0.82 0.85 090 | 0.88 0.72 0.69 | 0.60
Sunshine Hours (Hrs)
YEAR JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
8.78 | 7.83 | 8.15 6.86 7.78 548 | 417 | 4.02 5.42 886 |9.63 |9.26
Station Name: Walga Nr. Wolkite
Station Number: 091010
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.013 | 0.011 | 0.008 | 0.027 | 0.098 | 0.224 | 1.844 | 3.546 | 0.626 | 0.236 | 0.031 | 0.017
1986 | 0.015 | 0.017 | 0.022 | 0.070 | 0.062 | 0.492 | 1.647 | 1.553 | 1.153 | 0.176 | 0.033 | 0.017
1987 | 0.017 | 0.018 | 0.086 | 0.119 | 0.118 | 0.403 | 0.747 | 2.093 | 1.249 | 0.044 | 0.011 | 0.012
1988 0.009 | 0.014 | 0.010 | 0.020 | 0.024 | 0.104 | 1.981 | 3.344 | 2.511 | 0.764 | 0.086 | 0.022
1989 0.011 | 0.013 | 0.018 | 0.102 | 0.072 | 0.135 | 1.245 | 2.081 | 1.205 | 0.214 | 0.029 | 0.019
1990 0.006 | 0.009 | 0.024 | 0.009 | 0.019 | 0.077 | 0.724 | 1.768 | 0.808 | 0.253 | 0.031 | 0.012
1991 0.006 | 0.009 | 0.024 | 0.009 | 0.019 | 0.077 | 0.724 | 0.878 | 0.006 | 0.001 | 0.019 | 0.034
1992 0.027 | 0.053 | 0.020 | 0.066 | 0.071 | 0.175 | 1.023 | 4.222 | 2.150 | 0.483 | 0.050 | 0.010
1993 0.019 | 0.023 | 0.007 | 0.057 | 0.177 | 1.015 | 2.778 | 3.769 | 2.732 | 0.754 | 0.124 | 0.023
1994 0.011 | 0.004 | 0.013 | 0.031 | 0.014 | 0.113 | 1.472 | 1.950 | 0.852 | 0.081 | 2.675 | 1.405
1995 0.003 | 0.002 | 0.003 | 0.070 | 0.013 | 0.069 | 0.491 | 2.001 | 0.972 | 0.117 | 0.008 | 0.002
1996 | 0.013 | 0.001 | 0.058 | 0.100 | 0.190 | 1.451 | 2.796 | 3.411 | 1.130 | 0.235 | 0.029 | 0.010
1997 | 0.007 | 0.003 | 0.006 | 0.057 | 0.042 | 0.187 | 0.817 | 0.681 | 0.314 | 0.109 | 0.038 | 0.004
1998 | 0.007 | 0.003 | 0.031 | 0.031 | 0.090 | 0.383 | 2.290 | 3.506 | 1.842 | 1.081 | 0.216 | 0.035
1999 | 0.001 | 0.005 | 0.001 | 0.007 | 0.024 | 0.130 | 0.807 | 2.519 | 0.802 | 0.819 | 0.073 | 0.035
2000 | 0.007 | 0.004 | 0.003 | 0.002 | 0.034 | 0.062 | 0.535 | 1.110 | 0.865 | 0.520 | 0.033 | 0.002
2001 | 0.007 | 0.006 | 0.015 | 0.010 | 0.077 | 0.341 | 1.425 | 1.842 | 0.611 | 0.061 | 0.017 | 0.009
2002 0.000 | 0.000 | 0.003 | 0.001 | 0.003 | 0.114 | 0.706 | 3.069 | 0.501 | 0.035 | 0.009 | 0.007
2003 | 0.006 | 0.004 | 0.004 | 0.022 | 0.005 | 0.084 | 2.719 | 3.638 | 1.303 | 0.127 | 0.001 | 0.008
2004 | 0.005 | 0.008 | 0.009 | 0.007 | 0.007 | 0.118 | 0.668 | 1.309 | 0.664 | 0.224 | 0.002 | 0.028
2005 | 0.022 | 0.016 | 0.035 | 0.038 | 0.071 | 0.065 | 1.196 | 2.279 | 1.573 | 0.297 | 0.055 | 0.002
2006 | 0.026 | 0.023 | 0.030 | 0.018 | 0.040 | 0.118 | 0.703 | 1.982 | 0.837 | 0.136 | 0.031 | 0.018
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
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1985 | 0.739 | 0.010 | 0.708 | 3.126 | 4432 | 4429 | 9.630 | 7.424 | 4.324 | 0.996 | 0.074 | 0.035
1986 | 0.159 | 1.379 | 2.273 | 2.688 | 3.676 | 6.030 | 7.344 | 5918 | 4.235 | 1.105 | 0.016 | 0.039
1987 | 0.030 | 1.237 | 3.662 | 3.466 | 3.534 | 5280 | 5.537 | 8.266 | 2.421 | 0.942 | 0.008 | 0.024
1988 | 0.697 | 1.353 | 0.485 | 0.564 | 0.996 | 7.376 | 10.572 | 8.694 | 6.692 | 2.135 | 0.000 | 0.000
1989 | 0.360 | 0.795 | 3.577 | 4.025 | 2.309 | 4.889 | 7.794 | 8.477 | 4.968 | 1.202 | 0911 | 1.341
1990 | 0.281 | 3.653 | 1.987 | 2.773 | 2.344 | 5.538 | 7.770 | 10.235 | 4.942 | 0.333 | 0.182 | 0.033
1991 | 0.154 | 1.547 | 3.347 | 0.319 | 3.007 | 6.083 | 8.196 | 8.534 | 3.575 | 0.144 | 0.000 | 0.789
1992 | 1.950 | 2.897 | 1.913 | 3.159 | 3.269 | 7.972 | 8.317 | 15.056 | 4.201 | 1.730 | 1.512 | 0.111
1993 | 0.539 | 4.004 | 1.180 | 7.328 | 6.062 | 6.645 | 9.076 | 10.430 | 8.371 | 1.315 | 0.031 | 0.000
1994 | 0.000 | 0.156 | 4.311 | 3.310 | 4.228 | 6.965 | 8940 | 6.913 | 5.284 | 0.042 | 0.382 | 0.000
1995 | 0.000 | 1.725 | 1.323 | 7.851 | 3.794 | 2.865 | 8.713 | 12.117 | 2.096 | 0.324 | 0.011 | 0.916
1996 | 1.958 | 0.229 | 6.161 | 5.251 | 5.462 | 9.920 | 9.185 | 11.357 | 4.858 | 0.593 | 0.631 | 0.114
1997 | 2.337 | 0.003 | 2.001 | 4.144 | 2.770 | 4380 | 8.082 | 5.734 | 3.594 | 3.724 | 1.191 | 0.050
1998 | 1.949 | 1.825 | 1.659 | 2.597 | 3.977 | 7.614 | 9.903 | 9.101 | 4.324 | 1.751 | 0.040 | 0.000
1999 | 0.247 | 0.017 | 1.491 | 0.607 | 3.027 | 6.682 | 8.529 | 6.730 | 5.492 | 4.595 | 0.005 | 0.006
2000 | 0.016 | 0.001 | 0.139 | 1.993 | 2916 | 4972 | 8.653 | 7.431 | 5.681 | 1.425 | 0.967 | 0.432
2001 | 0.134 | 0.399 | 2.637 | 1.604 | 4.242 | 4947 | 9.799 | 6.574 | 3.672 | 1.848 | 0.057 | 0.122
2002 | 1.507 | 1.656 | 2.795 | 2.084 | 3.241 | 7.760 | 9.545 | 7.911 | 2.624 | 0.015 | 0.002 | 1.776
2003 | 1.086 | 1.040 | 2.436 | 3.803 | 0.361 | 5.598 | 10.296 | 7.641 | 5.729 | 0.542 | 0.200 | 0.514
2004 | 1.892 | 0.191 | 1.433 | 4.401 | 1.946 | 8307 | 6.626 | 6.084 | 6.162 | 0.711 | 0.220 | 0.200
2005 | 1.249 | 0.046 | 3.095 | 4.745 | 4.037 | 6.321 | 6.461 | 9.493 | 4.728 | 1.213 | 0.303 | 0.098
2006 | 0.055 | 1.481 | 3.533 | 2.651 | 2.837 | 6.144 | 8.625 | 8.104 | 5.707 | 1.185 | 0.225 | 0.128
Temperature (°C)

YEAR | JAN FEB MAR | APR | MAY | ]JUN JUL AUG | SEP OCT NOV | DEC
1985 | 18,57 | 19.39 | 19.62 | 19.69 | 19.28 | 17.77 | 16.81 | 16.57 | 16.99 | 17.79 | 17.62 | 18.23
1986 | 18.53 | 19.45 | 19.63 | 19.70 | 19.29 | 17.77 | 16.81 | 16.54 | 16.99 | 17.78 | 17.62 | 18.22
1987 | 1856 | 19.43 | 19.66 | 19.69 | 19.29 | 17.78 | 16.81 | 16.56 | 1699 | 17.83 | 17.61 | 18.13
1988 | 18.60 | 19.47 | 19.63 | 19.68 | 19.28 | 17.76 | 16.84 | 16.55 | 17.01 | 17.81 | 17.60 | 18.22
1989 | 1850 | 19.39 | 19.60 | 19.68 | 19.23 | 17.72 | 16.81 | 16.52 | 1699 | 17.78 | 17.60 | 18.13
1990 | 1858 | 19.44 | 19.62 | 19.65 | 19.26 | 17.73 | 16.77 | 16.53 | 1698 | 17.77 | 17.61 | 18.21
1991 | 1857 | 19.41 | 19.62 | 19.68 | 19.25 | 17.73 | 16.79 | 16.52 | 1697 | 17.75 | 17.58 | 18.19
1992 | 1856 | 19.43 | 19.59 | 19.65 | 19.24 | 17.72 | 16.77 | 16.50 | 1693 | 17.76 | 17.57 | 18.19
1993 | 18,53 | 19.38 | 19.53 | 19.63 | 19.22 | 17.68 | 16.74 | 16.46 | 1692 | 17.77 | 17.54 | 18.16
1994 | 1848 | 19.32 | 19.57 | 19.62 | 19.20 | 17.69 | 16.74 | 16.47 | 1691 | 17.70 | 17.53 | 18.15
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1995 | 1847 | 19.33 | 19.51 | 19.64 | 19.21 | 17.57 | 16.71 | 1646 | 1689 | 17.67 | 17.51 | 18.17
1996 | 18,52 | 19.32 | 19.56 | 19.59 | 19.17 | 17.67 | 16.70 | 1645 | 1690 | 17.69 | 17.52 | 18.14
1997 | 18,52 | 19.23 | 19.52 | 19.59 | 19.17 | 17.66 | 1680 | 16.56 | 17.02 | 17.83 | 17.67 | 18.27
1998 | 18.62 | 19.45 | 19.66 | 19.70 | 19.31 | 17.78 | 16.82 | 16.56 | 17.01 | 17.84 | 17.59 | 18.19
1999 | 18,55 | 19.37 | 19.58 | 19.68 | 19.29 | 17.75 | 16.80 | 16.53 | 1697 | 17.82 | 17.58 | 18.21
2000 | 18.46 | 19.37 | 19.59 | 19.70 | 19.29 | 17.77 | 16.82 | 16.55 | 17.00 | 17.83 | 17.64 | 18.23
2001 | 18.58 | 19.42 | 19.65 | 19.70 | 19.28 | 17.75 | 16.80 | 16.55 | 16.96 | 17.82 | 17.50 | 18.25
2002 | 18.58 | 19.42 | 19.65 | 19.70 | 19.30 | 17.78 | 16.83 | 16.55 | 17.02 | 17.79 | 17.64 | 18.29
2003 | 18.60 | 19.43 | 19.65 | 19.72 | 19.28 | 17.76 | 16.83 | 16.57 | 17.01 | 17.77 | 17.60 | 18.22
2004 | 18.55 | 19.44 | 19.64 | 19.73 | 19.28 | 17.78 | 16.82 | 16.58 | 17.01 | 17.82 | 17.63 | 18.27
2005 | 18.59 | 19.44 | 19.66 | 19.73 | 19.31 | 17.79 | 16.84 | 16.58 | 17.04 | 17.82 | 17.63 | 18.22
2006 | 18.57 | 19.44 | 19.67 | 19.72 | 19.32 | 17.77 | 16.84 | 16.58 | 17.01 | 17.82 | 17.65 | 18.29
Relative Humidity (%)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0.63 | 0.65 | 0.70 0.69 0.79 0.82 0.84 0.90 0.88 0.73 0.69 0.60
Sunshine Hours (Hrs)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
8.78 | 783 | 8.15 6.86 7.78 5.47 4.17 4.01 5.42 8.85 9.62 9.26
Station Name: Werabessa Nr. Tolie
Station Number: 091022
Runoff (mm/day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 0.111 | 0.138 | 0.157 | 0.179 | 0.208 | 0.334 | 0.522 | 1.809 | 1.932 | 1.118 | 0.177 | 0.129
1986 0.085 | 0.090 | 0.098 | 0.082 | 0.098 | 0.964 | 1.641 | 1.518 | 0.500 | 0.312 | 0.193 | 0.151
1987 0.092 | 0.066 | 0.099 | 0.098 | 0.115 | 0.342 | 1.272 | 1.549 | 1.583 | 0.356 | 0.148 | 0.090
1988 0.061 | 0.062 | 0.020 | 0.001 | 0.003 | 0.097 | 1.329 | 2.052 | 2.200 | 0.635 | 0.459 | 0.201
1989 0.101 | 0.106 | 0.097 | 0.228 | 0.106 | 0.476 | 2.006 | 3.160 | 3.194 | 2.735 | 0.301 | 0.190
1990 0.085 | 0.104 | 0.049 | 0.048 | 0.149 | 0.766 | 1.324 | 3.677 | 3.616 | 1.326 | 0.241 | 0.134
1991 0.106 | 0.078 | 0.107 | 0.067 | 0.078 | 0.302 | 1.429 | 2.027 | 0.771 | 0.497 | 0.172 | 0.136
1992 0.121 | 0.131 | 0.068 | 0.066 | 0.202 | 0.550 | 2.086 | 4.325 | 2.296 | 2.206 | 0.374 | 0.203
1993 0.104 | 0.106 | 0.080 | 0.303 | 0.630 | 2.328 | 2.417 | 5498 | 3.236 | 2.014 | 0.513 | 0.231
1994 0.164 | 0.114 | 0.050 | 0.017 | 0.032 | 0.200 | 1.500 | 2.926 | 3.969 | 0.579 | 0.296 | 0.131
1995 0.119 | 0.152 | 0.043 | 0.046 | 0.053 | 0.123 | 0.804 | 3.774 | 2.467 | 0.651 | 0.172 | 0.090

123




1996 | 0.082 | 0.035 | 0.123 | 0.116 | 0.708 | 3.801 | 3.572 | 4.129 | 3.994 | 1.228 | 0.344 | 0.198
1997 | 0.155 | 0.088 | 0.093 | 0.149 | 0.150 | 1.031 | 1.940 | 1.744 | 1.215 | 0.920 | 0.842 | 0.476
1998 | 0.306 | 0.229 | 0.245 | 0.153 | 0.213 | 0.408 | 2.325 | 4950 | 2.753 | 2.382 | 0.859 | 0.627
1999 | 0.461 | 0.364 | 0.331 | 0.305 | 0.358 | 0.667 | 1.747 | 2.444 | 2.625 | 3.008 | 0.786 | 0.813
2000 | 0.365 | 0.319 | 0.273 | 0.349 | 0.493 | 0.916 | 2.029 | 3.300 | 3.563 | 2.126 | 0.863 | 0.766
2001 | 0.403 | 0.346 | 0.401 | 0.391 | 0.873 | 1.254 | 2.816 | 3.418 | 1.644 | 0.850 | 0.787 | 0.560
2002 | 0.763 | 0.763 | 0.767 | 0.765 | 0.767 | 0.927 | 1.779 | 2.304 | 1.485 | 0.813 | 0.775 | 0.772
2003 | 0.771 | 0.769 | 0.768 | 1.730 | 1.473 | 0.272 | 0.551 | 1.002 | 0.666 | 0.381 | 0.267 | 0.774
2004 | 1.651 | 0.773 | 0.776 | 0.772 | 0.772 | 0.933 | 1.725 | 2.649 | 1.719 | 1.086 | 0.766 | 1.789
2005 | 0.794 | 0.786 | 0.813 | 0.817 | 0.865 | 0.857 | 2.487 | 4.048 | 3.030 | 1.190 | 0.842 | 0.766
2006 | 0.800 | 0.796 | 0.805 | 0.789 | 0.820 | 0.933 | 1.775 | 3.620 | 1.969 | 0.959 | 0.807 | 0.788
Precipitation (mm /day)
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 | 0.885 | 0.159 | 0.845 | 4.453 | 5.748 | 5.231 | 8.928 | 11.273 | 4.889 | 1.768 | 0.144 | 0.249
1986 | 0.000 | 1.982 | 1.814 | 4.318 | 3.001 | 9.743 | 7.735 |9.389 | 7.767 | 0.655 | 0.001 | 0.005
1987 | 0.459 | 0.895 | 5.603 | 1.472 | 6.120 | 5.533 | 8.916 | 10.312 | 5940 | 1.067 | 0.123 | 0.377
1988 | 0.957 | 1.886 | 0.968 | 1.278 | 1.314 | 5.654 | 9.162 | 11.523 | 5.036 | 3.125 | 0.000 | 0.000
1989 | 0.639 | 1.718 | 4.037 | 4.746 | 2.344 | 11.630 | 10.942 | 10.190 | 7.178 | 1.741 | 1.140 | 2.130
1990 | 0.604 | 3.766 | 2.428 | 2.808 | 3.401 | 11.153 | 12.474 | 16.056 | 8.291 | 0.473 | 0.649 | 0.290
1991 | 0.824 | 1.718 | 1.629 | 1.405 | 2.285 | 6.793 | 9.767 | 11.329 | 5.855 | 0.373 | 0.000 | 0.280
1992 | 1.642 | 3.642 | 1.002 | 2.879 | 2.182 | 6.976 | 11.485 | 10.701 | 5.013 | 2.814 | 0.630 | 0.969
1993 | 0.430 | 1.268 | 1.071 | 6.619 | 6.983 | 13.185 | 11.999 | 13.403 | 9.141 | 9.196 | 0.489 | 0.000
1994 | 0.000 | 0.308 | 1.722 | 2.240 | 4.197 | 7.925 | 12.020 | 5.824 | 6.115 | 0.012 | 0.390 | 0.000
1995 | 0.000 | 0.272 | 3.115 | 2.712 | 4.065 | 5.414 | 15.742 | 13.361 | 6.001 | 0.570 | 0.165 | 0.872
1996 | 1.543 | 1.304 | 7.853 | 3.770 | 7.289 | 7.324 | 12.204 | 15.457 | 9.224 | 1.502 | 1.791 | 1.021
1997 | 2.411 | 0.044 | 1.048 | 6.299 | 4554 | 8.996 |9.438 |9.161 | 5389 |2.722 |2.728 | 0.788
1998 | 1.715 | 1.960 | 2.954 | 1.032 | 4.687 | 7.138 | 10.416 | 13.100 | 8.198 | 8.383 | 0.634 | 0.000
1999 | 0.285 | 0.257 | 0.343 | 0.893 | 4.211 | 9.019 | 9.808 | 9.290 | 10.370 | 4.742 | 0.071 | 0.091
2000 | 0.236 | 0.008 | 0.661 | 4.190 | 4.197 | 7924 | 7.104 | 9.878 | 7.400 | 3.446 | 1.192 | 0.796
2001 | 0.273 | 1.016 | 4.623 | 2.652 | 5106 | 7.763 | 12.990 | 9.719 | 11.662 | 2.550 | 0.257 | 0.876
2002 | 1.308 | 0.944 | 2.114 | 5.255 | 3.596 | 8.736 | 15.070 | 10.331 | 6.837 | 0.219 | 0.026 | 0.528
2003 | 1.687 | 0.734 | 2.567 | 7.404 | 0.553 | 9.958 | 11.703 | 7955 | 5431 | 1.399 | 0.141 | 0.969
2004 | 1.243 | 0.892 | 2.566 | 5.171 | 1.235 | 10.382 | 10.582 | 7.354 | 10.690 | 3.663 | 0.264 | 1.091
2005 | 1.201 | 0.302 | 2.302 | 4416 | 3.131 | 7425 | 11.012 | 12.348 | 7.517 | 2.627 | 0.732 | 0.000
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2006 | 0.083 | 0.447 | 6.503 | 4401 | 4.538 | 9.051 | 11.200 | 13.245 | 7.386 | 2.238 | 0.320 | 0.209
Temperature (°C)

YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG | SEP OCT NOV | DEC
1985 | 15.10 | 15.30 | 16.65 | 16.45 | 1535 | 14.80 | 13.55 | 14.00 | 13.95 | 14.15 | 14.55 | 14.25
1986 | 13.95 | 15.60 | 15.80 | 15.75 | 16.25 | 14.95 | 14.25 | 13.95 | 14.05 | 14.05 | 14.25 | 14.10
1987 | 14.35 | 16.15 | 16.55 | 16.30 | 15.70 | 15.30 | 14.75 | 14.50 | 14.65 | 15.30 | 14.45 | 14.12
1988 | 1545 | 16.30 | 16.90 | 17.00 | 17.05 | 15.00 | 13.90 | 13.85 | 14.55 | 14.35 | 13.65 | 13.75
1989 | 12.75 | 14.10 | 15.00 | 14.90 | 14.60 | 13.80 | 14.15 | 13.70 | 14.10 | 13.85 | 13.45 | 14.12
1990 | 14.40 | 14.95 | 15.75 | 15.55 | 1595 | 14.45 | 13.75 | 14.40 | 13.80 | 13.95 | 14.35 | 13.85
1991 | 15.15 | 15.35 | 1590 | 16.70 | 16.30 | 14.85 | 13.55 | 13.80 | 14.15 | 13.50 | 13.50 | 13.05
1992 | 13.65 | 15.05 | 15.50 | 15.50 | 15.50 | 14.10 | 13.15 | 12.70 | 12.60 | 13.40 | 13.10 | 13.35
1993 | 13.45 | 14.20 | 14.55 | 14.50 | 14.45 | 13.35 | 13.05 | 12.50 | 12.25 | 13.85 | 12.75 | 12.75
1994 | 13.05 | 13.50 | 15.15 | 15.30 | 14.35 | 13.40 | 12.80 | 12.40 | 12.70 | 12.85 | 12.90 | 12.95
1995 | 12.95 | 14.20 | 14.45 | 1530 | 14.70 | 14.69 | 12.10 | 12.80 | 12.60 | 12.85 | 12.60 | 12.55
1996 | 12.85 | 13.60 | 14.65 | 14.15 | 13.60 | 12.30 | 11.45 | 11.65 | 12.10 | 12.50 | 12.35 | 12.15
1997 | 13.10 | 11.27 | 13.86 | 14.23 | 13.76 | 12.59 | 13.90 | 15.10 | 15.85 | 15.65 | 15.75 | 15.45
1998 | 1595 | 16.40 | 17.20 | 18.00 | 17.55 | 16.45 | 14.70 | 14.45 | 15.10 | 15.85 | 14.15 | 13.90
1999 | 14.55 | 1545 | 1540 | 17.15 | 16.55 | 15.20 | 14.65 | 14.25 | 14.10 | 14.95 | 14.10 | 14.20
2000 | 14.48 | 15.60 | 17.15 | 17.20 | 16.70 | 15.25 | 15.05 | 14.55 | 14.80 | 15.50 | 14.55 | 14.45
2001 | 14.55 | 16.10 | 16.30 | 17.25 | 15.95 | 14.45 | 14.10 | 14.45 | 14.25 | 1590 | 14.21 | 15.30
2002 | 1495 | 1595 | 17.00 | 17.00 | 17.40 | 16.30 | 15.55 | 1495 | 15.45 | 15.80 | 15.70 | 15.85
2003 | 16.00 | 16.85 | 17.70 | 17.70 | 17.60 | 15.40 | 14.90 | 15.30 | 15.25 | 14.90 | 15.00 | 14.65
2004 | 1495 | 16.85 | 17.25 | 17.50 | 17.35 | 15.55 | 15.10 | 15.90 | 15.60 | 1590 | 15.65 | 15.90
2005 | 15.65 | 17.75 | 1835 | 18.40 | 17.45 | 16.15 | 15.70 | 16.25 | 1590 | 1590 | 15.50 | 15.10
2006 | 16.15 | 17.65 | 17.85 | 17.60 | 17.85 | 15.85 | 15.85 | 15.45 | 15.05 | 16.00 | 16.05 | 16.15
Relative Humidity (%)

YEAR JAN FEB MAR APR MAY JUN | JUL | AUG | SEP | OCT | NOV | DEC
RH 0.60 0.62 0.66 0.68 0.73 0.79 | 0.77 | 0.83 | 0.89 | 0.82 | 0.69 | 0.66
Sunshine Hours (Hrs)

YEAR JAN FEB MAR APR MAY JUN | JUL | AUG | SEP | OCT | NOV | DEC
SSH 8.69 7.83 7.91 6.90 7.42 536 | 4.01 | 3.88 | 5.34 | 8.52 | 9.37 | 9.10
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Appendix E:statistical characteristics of Regression equation

Statistical characteristics of S -max Regression equation

S-max Coefficients () Feal Rz
Intercept -9.528 3.93 0.72
A 0.018

P -0.404

PET -0.413

S 0.112

Lon -0.302

El 4.896

Statistical characteristics of Alpha(a) Regression equation

Alpha Coefficients () Feal Rz
Intercept -13.863 4.66 0.76
A -0.237

P 3.618

PET 1.653

S 0.505

Lon 4718

El -6.449

Statistical characteristics of Epsilon (€) Regression equation

Epsilon Coefficients (B) Feal Rz
Intercept 1.851 4.84 0.76
A -0.063

P 1.391

PET -1.638

S 0.226

Lon -1.725

El 1.998
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