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Abstract

Water resources information in Albania is very scarce.  The country does not have a consolidated monitoring 
network to collect hydrological and other related data and the quantity and quality of the carried out measure-
ments carried out is limited.  The water institutions are very fragmented and the monitored and collected data 
are being stored in different databases, and non-standardized formats, making it hard for the data to be easily 
retrieved and exchanged.  This paper provides a case of the multiple uses of climate data in a water resources 
geodatabase through compiling of a mean annual precipitation map for Albania.  It also demonstrates the im-
portance of geodatabases to support decision making in the management of water resources, and also to the 
research activities in this area.
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INTRODUCTION 

7RGD\�ZDWHU�UHVRXUFHV�DOO�RYHU�WKH�ZRUOG�DUH�IDFLQJ�VLJQL¿FDQW�FKDOOHQJHV���,QFUHDVLQJ�SRSXODWLRQ�DQG�XUEDQ-
ization put a pressure on limited freshwater resources.  Climate change together with its impact on the hydro-
ORJLFDO�F\FOH��FDXVLQJ�ÀRRGV�DQG�GURXJKWV��SRVHV�DQRWKHU�JOREDO�FRQFHUQ���0DQ�PDGH�WKUHDWV�VXFK�DV�SROOXWLRQ��
waste, and mismanagement, account for the depletion in quality and quantity of water resources.
Water managers, planners, and decision makers all over the world have to respond to these challenges in their 
countries. They need to make sure that the water resources of their country are managed in a way that ensures 
WKDW�WKH\�UHPDLQ�SROOXWLRQ�IUHH��DQG�WKDW�WKH\�ZLOO�IXO¿OO�WKH�ZDWHU�GHPDQGV�WRGD\�DQG�LQ�WKH�IXWXUH��,Q�DGGLWLRQ��
ZDWHU�PDQDJHUV�KDYH�WR�EH�SUHSDUHG�WR�UHVSRQG�WR�ZDWHU�UHODWHG�H[WUHPH�HYHQWV�VXFK�DV�ÀRRGLQJ�DQG�GURXJKW��
by using both forecasting techniques and applying emergency response plans.
,Q�RUGHU�WR�IXO¿OO�HDFK�RI�WKH�WDVNV�RI�PDQDJLQJ��SODQQLQJ�DQG�IRUHFDVWLQJ��DQG�DW�WKH�VDPH�WLPH�HQVXUH�D�FRP-
prehensive decision-making process, the managers need to stay updated and well informed on the condition 
of the water resources as well as other related information. This information is provided by the data collected 
from hydrological measurements and observations of water quality, water quantity such as level of reservoirs 
DQG�ULYHU�ÀRZV��PHWHRURORJLFDO�REVHUYDWLRQV�VXFK�DV�SUHFLSLWDWLRQ�DQG�WHPSHUDWXUH��VRLO�PRLVWXUH��JURXQGZD-
ter, etc. (Maidment, 2012)
Collecting hydrological data is not enough.  The data need to be “polished” by checking for errors, converted 
into a standardized format, and stored in a central geodatabase along with a description on the data (metadata).  
Additionally, the geodatabase should allow for easy access and retrieval of the data by the users and should be 
able to connect to models in order to produce further information on the water quantity or quality, depending 
on the model used.

As for Albania, although a country abundant in water resources, today Albania has limited information on 
the quality, quantity, and even location of its water resources. The National Hydrological Network of Albania 
(NHNA) is limited in the quantity and quality of the hydrometeorological measurements that it provides.  In 
addition, due to the fragmentation of the water institutions, the monitored and collected data are being stored 
in different databases, and in non-standardized formats, making it hard for data to be easily retrieved and ex-
changed. 

The objective of this paper is to demonstrate one of the multiple uses of climate data in a water resources ge-
odatabase.  For that purpose, a mean annual precipitation map is being developed for Albania.  The methodol-
ogy being used to create the precipitation map is based on the PRISM method (PRISM Climate Group, 2013) 
which is the used method for developing precipitation maps in the U.S.  In addition, another precipitation map 
with precipitation values received from the stations is being created and shared in ArcGIS Online.
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The data being used are precipitation records collected by the Hydrometeorological Institute of Albania from 
147 gages all over the country.  For each station, data have been assembled over a 30 year period of time 
(1951-1980) and then they have been averaged to give long-term monthly and annual precipitation values.  
The long-term annual precipitation values were the ones used to develop the precipitation map.

Additional data being used include the 7.5 arc-second Digital Elevation Model (DEM) raster developed by 
the Shuttle Radar Topography Mission (SRTM) and downloaded from the website of U.S. Geological Sur-
YH\��86*6����$OVR��WKH�VKDSH¿OH�RI�WKH�DGPLQLVWUDWLYH�ERXQGDULHV�RI�$OEDQLD�REWDLQHG�IURP�',9$�*,6��',-
9$�*,6��������DQG�D�VKDSH¿OH�RI�WKH�FRDVWOLQH�REWDLQHG�IURP�,6&,(1&(6��/�/�&��,6&,(1&(6��/�/�&��������
were used in this analysis.

METHODOLOGY

The methodology used for developing the precipitation map is based on the Parameter-elevation Regressions 
on Independent Slopes Model (PRISM) developed by the PRISM Climate Group.  PRISM is the standard 
method used for preparing precipitation maps in the U.S. and it is based on a simple elevation regression func-
tion, where precipitation increases with elevation. (PRISM Climate Group, 2013)  

Prior to running the regression function, the following data were developed using the 7.5 arc second DEM 
raster. Using ArcMAP, elevation values for each precipitation station were extracted.  Further, slope and aspect 
were calculated for each DEM cell together with the coastal proximity values.

7KH�35,60�PHWKRG�WDNHV�LQWR�DFFRXQW�WKH�LQÀXHQFHV�RI�WKH�DERYH�PHQWLRQHG�WRSRJUDSKLF�IDFWRUV�VXFK�DV�HOH-
vation, slope, aspect, coastal proximity, in order to predict the precipitation at a certain point of the grid.  Each 
of these factors together with the parameters used to characterize them is explained in the following sections.

Reconditioning of the DEM

Before starting with calculating the weights for each station, a reconditioning of the DEM was done.  This 
ZDV�D�QHFHVVDU\�VWHS�LQ�RUGHU�WR�IXO¿OO�WKH�UHTXLUHPHQW�DERXW�WKH�PLQLPXP�QXPEHU�RI�VWDWLRQV��VHH�7DEOH�QR����
falling in the same facet (area over which the slope direction is constant) as the target grid cell. 

Table 1:  Description and Values for the Parameters used in the Precipitation Model. (Daly, Gibson, et al. 2002)
Parameter Description Value
Elevation weightingb
Fh
¨K�P

¨K�[

Elevation weighting exponent
Elevation weighting importance scalar
Minimum station-target grid cell elevation difference
Maximum station-target grid cell 
elevation difference

1
0.2

100 m
2500 m

Facet Weighting
c Facet weighting exponent 0.01

Coastal Proximity Weighting
px
v

Maximum coastal proximity  difference
Coastal proximity weighting  exponent

100 km

0.01
Regression Function
r
sf
st
amin*
amax*
ad
a0

5DGLXV�RI�LQÀXHQFH
Minimum number of on-facet stations desired in regression
Minimum number of total stations desired in regression
Minimum regression slope
Maximum regression slope
Default regression slope
Intercept 

30 km
3
7

0.00006 1/m
0.00065 1/m
0.3 mm/m

0.9

*) normalized by the mean precipitation in the regression function; i.e. (100 mm/km slope)/ (1000 mm mean precipitation) 
= 0.1 km-1 normalized slope)
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In this case, the DEM was reconditioned in order to broaden the spatial extent of the facets and hence allow 
for a minimum of 3 and a maximum of 7 stations falling in the same facet as the target grid cell.  The DEM 
ZDV�SURFHVVHG�WKURXJK�D�¿YH�SRLQW�¿OWHU�ZKHUH�WKH�HOHYDWLRQ�DW�FHOO�KLM�LV�FDOFXODWHG�DV�

 hij = 0.5 hij + 0.125(hi+1j + hi-1j + hij+1 + hij-1) (Daly, et al., 2002)

7KHQ��VL[�GLIIHUHQW�IDFHW�JULGV�ZHUH�FRPSXWHG�����)DFHW�JULG�GHULYHG�IURP�WKH�XQ¿OWHUHG�'(0�����'(0�LV�EH-
LQJ�¿OWHUHG���WLPHV�����'(0�LV�EHLQJ�¿OWHUHG����WLPHV�����'(0�LV�EHLQJ�¿OWHUHG����WLPHV�����'(0�LV�EHLQJ�
¿OWHUHG����WLPHV�����'(0�LV�EHLQJ�¿OWHUHG����WLPHV���'XULQJ�WKLV�SURFHVV�WKH�HOHYDWLRQ�RI�WKH�FHOO�LV�UHFDOFX-
lated, starting with 8 times up to 40 times, using the elevation from the surrounding grid cells.  This process 
PRGL¿HV�WKH�DVSHFW�RI�WKH�JULG�FHOOV�WKURXJK�FUHDWLQJ�D�VPRRWKHU�'(0�

Station Weighting

%HIRUH�HQWHULQJ�WKH�UHJUHVVLRQ�IXQFWLRQ��HDFK�VWDWLRQ�ZDV�DVVLJQHG�ZHLJKWV�EDVHG�RQ�LWV�LQÀXHQFH�RQ�WKH�WDU-
get grid cell in terms of elevation, slope, aspect, and coastal proximity.  The total weight accounting for each 
of the aforementioned factors was calculated as:

  W = [Fh W2h ]1/2 Wcp Wf   (Equation 2)

 Wh: elevation weight,
 Wcp: coastal proximity weight,
 Wf: facet weight,
 Fh: elevation weighting importance scalar, default value 0.2 (Daly, et al., 2008)

Elevation weighting

Using the elevation weighting, a station’s weight increases as the elevation distance from the target grid cell 
decreases.  The elevation weight was calculated as follows:

           (Daly, et al., 2002)  (Equation 3)

 ǻK��the absolute elevation difference between the station and the target grid cell, 
 b: the elevation weighting exponent, 
� ǻKP� the minimum elevation difference,
 ǻK[� the maximum elevation difference.

Facet weighting

A station that lies on a similarly oriented facet as the target grid cell is assigned a higher weight.  The facet 
weight for a station was calculated as:

       
   

(Daly, et al., 2002) (Equation 4)

ǻI� the absolute orientation difference between the station and the target grid cell,
B: the number of barrier cells with an orientation different than that of the target grid cell, 
c: the facet weighting exponent. 
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Coastal Proximity weighting
Using the information from the coastal proximity raster developed in ArcMap, this weight selects the sta-
tions based on their coastal proximity similarities to the target grid cell.  The coastal proximity weight for a 
station was calculated as:  

   

  

(Daly, et al., 2002)  (Equation 5)

� ǻS: the absolute difference of coastal proximity index between the station and target grid    
 cell,

 v: the coastal proximity weighting exponent, 
� S[��the maximum proximity difference. 

Elevation Regression Function
$V�D�¿QDO�VWHS��WKH�HOHYDWLRQ�UHJUHVVLRQ�IXQFWLRQ�ZDV�FRPSXWHG�XVLQJ�WKH�HOHYDWLRQ��SUHFLSLWDWLRQ�SDLUV�IURP�
WKH�PHDVXULQJ�VWDWLRQV�VXUURXQGLQJ�WKH�WDUJHW�JULG�FHOO�ZLWKLQ�D�VSHFL¿HG�UDGLXV�U���7KH�VLPSOH�OLQHDU�UHJUHVVLRQ�
has the form:

P = a X + a0;amin��D���DPD[    (Daly, et al., 2002)     (Equation 6)

P: the predicted precipitation,
a: regression slope 

a0: intercept,

X: DEM elevation at the target grid cell

amin: minimum valid regression slope

DPD[: maximum valid regression slope

Another parameter used in the regression function is the default slope, ad.  This parameter is being used by the 
model in cases when the regression slope does not fall within the amin and amax range values.  In this case 
the model will try to identify the stations causing the anomaly by rerunning and picking stations one by one 
starting with the ones with the lowest weights up to those with the highest.  In case the slope will still not fall 
within the range, and the total number of stations has reached st, then the default slope, ad, is being picked by 
the regression function.

Model Calibration
After developing the regression function, the model was run several times using different combinations of 
values for the four regression parameters: 

amin: minimum valid regression slope,

aPD[: maximum valid regression slope,

ad: default regression slope,

a0: intercept.

The precipitation values received for each scenario were compared to the observed precipitation values from 
the stations.  Then the Mean Square Error (MSE) was computed for each case using the following formula, 
and the model with the least MSE was accepted as the best solution.

              (Equation 7)
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Case amin amax ad a0 MSE
1 0.00018 0.0005 0.25 0.65 375,642
2 0.00018 0.0005 0.375 0.75 294,347
3 0.00018 0.0005 0.4 0.9 268,632
4 0.00006 0.00065 0.3 0.9 254,323

The regression function with the lowest MSE value (254,323) was the one picked to develop the precipita-
tion map.

Table 2 shows a summary of the four scenarios with the lowest MSE value: 

#e map shows the spatial variation of precipitation and the el-
evation-precipitation relationship with the precipitation increas-
ing with elevation. #ese patterns appear to be consistent when 
compared to the variations in elevation shown in the DEM map 
in Figure 2.

RESULTS AND DISCUSSION

Precipitation Map

Figure 1: Precipitation map of Albania

Figure 2:  DEM Map of Albania.
The precipitation model demonstrates also the orographic ef-
fects with the highest precipitation values occurring on top of the 
mountains and the lower precipitation values near the coast and 
RQ�ÀDW�DUHDV���$Q�H[DPSOH�RI�WKLV�LV�WKH�UDLQ�VKDGRZ�LQ�WKH�HDVW��
near the Korca region (Figure 3). 

Table 2:  MSE Values for Different Model Calibration Scenarios.
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Figure 3:  Rain Shadow in the Korca Region.
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7KH�UDLQIDOO�UHJLPH�LQ�$OEDQLD�LV�GH¿QHG�E\�WKH�LQWHUDFWLRQ�RI�VHYHUDO�FOLPDWH�IDFWRUV�VXFK�DV�WKH�WUDMHFWRU\�
of the cyclones and air masses, the horizontal wind speed and the wind direction relative to the barrier, the 
topographic characteristics, etc.  From the map in Figure 5.1 it can be noticed that the highest precipitation 
occurs in the Alps in the north.  These high values of precipitation occur because of the movement of air 
masses in a perpendicular direction with the mountains. (Pano, 2008)

Sensitivity Analysis

In order to test the response of the precipitation model against the different values of regression parameters, 
a sensitivity analysis was done for each of the four parameters: amin: minimum valid regression slope, amax: 
maximum valid regression slope, ad: default regression slope, a0: intercept. The following graphs show the 
results of the sensitivity analysis.

Figure 4:  Sensitivity Analysis for the Regression Parameters.
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From each of the above graphs, the minimum MSE value of 254,323 was received for the following 
values of regression parameters:

amin amax ad a0

0.00006 0.00065 0.3 0.9

Precipitation Error Map
The precipitation error map is shown on Figure 5.  The results were obtained by interpolating the difference 
in precipitation between the model and measured precipitation at the stations grid cells.  The blue areas show 
over estimation of precipitation on the high mountains on the north and south.  The red areas show underes-
timation of precipitation by the model, with the error being the highest in the coastal area on the west as well 
as south east.
Though this map gives a general distribution of the error, the accuracy of the results is limited.  The calculation 
of the error is based at the stations points only, and for the rest of the country, the error is calculated from the 
interpolation of the errors at the station points.  

Figure 5:  Error Map.

In order to correct for the error, an attempt was made by adding the error map to the precipitation map devel-
oped by the model.  Results are shown in Figure 6.
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Figure 6:  Corrected Precipitation Map.

The corrected map shows a better match between the station values and the calculated precipitation.  How-
ever, the extreme values of precipitation obtained by the corrected map, 297 – 5,187 mm, still exceed the 
range of precipitation in the literature, 700 – 3500 mm. (Pano, 2008)

Comparing the PRISM Precipitation Map Results to Kriging Method and GPCC Precipitation Maps

Using Ordinary Kriging Interpolation method, a precipitation map was compiled. The Semivariogram model 
picked is spherical and the search radius falls within 12 points.  In the same time, long range (1951–980) 
mean monthly precipitation data were downloaded as ASCII format from the Global Precipitation Clima-
tology Centre (GPCC) (GPCC 2013).  The data were converted to raster format, were georeferenced and 
projected using ArcGIS.  After that the data from each year were compiled together to create a single mean 
annual precipitation raster.

Figure 7 shows the results obtained from Kriging as well as the GPCC precipitation map against the precipi-
tation map developed by the model.

Map1: GPCC Map2: Ordinary Kriging Interpolation
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 Map 3: PRISM Model Map 4: Corrected map

#e precipitation map obtained from GPCC shows no regional variability in the country ignoring completely 
the impact of topography and other climate factors in the precipitation distribution.  According to the map, in 
almost 70% of the country, the precipitation ranges between 100-1250 mm.  

#e precipitation map developed from Ordinary Kriging Interpolation shows some regional distribution.  
However, looking at the highest precipitation values developed by Kriging it appears that these values are far 
from the maximal value of 3500 mm found in the literature.  

#e PRISM map and the Corrected map (compiled from adding the error map to the PRISM map), show a bet-
ter regional distribution of the precipitation and a clear orographic e(ect with the highest precipitation values 
occurring on top of the mountains.  However they both tend to overestimate precipitation in some areas, and 
in the case of the corrected map, underestimation occurs as well.

#e statistics are calculated for each of the maps shown in Figure 7, by comparing in each case the precipitation 
values at the station points with the precipitation measured at the stations.

Case Mean at gages 
(mm)

Mean error
(mm)

StdDev
(mm)

RMSE 
(mm)

PRISM 1472      2 524 522
Corrected 1480     10 214 214
GPCC 1095 - 375 440 576
Kriging 1474       4 183 182
Stations 1470

PRSM model has the lowest mean error, however it has the highest standard deviation.  Comparing the cor-
rected map to PRISM, the mean error is higher (10 mm), however the standard deviation is much lower in this 
case.  GPCC map shows a very high mean error, as well as a high standard deviation.  Kriging shows also a low 
mean error (4 mm) and the lowest standard deviation.  #is is explained by the fact that Kriging Interpolation 
relies highly on the precipitation values from the stations.
Statistics are calculated as well for each of the cases, through the entire map, and the results are presented 
on Table 4.

Table 3:  Statistics at the gage points.
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Table 4:  Statistics over the entire country.

Case Min
(mm)

Max
(mm)

Mean
(mm)

PRISM 792 3723 1472 

Corrected 269 5432 1480 

GPCC 1032 1248 1095 

Kriging 798 1937 1474 

Literature 
(Pano, 2008)

700 3500 1485 

When comparing the statistics over the whole map, the mean precipitation from the Corrected map (1480 mm) 
is closer to the mean provided by the literature (1485 mm) as opposed to the PRISM mean (1472 mm).
The GPCC statistics compared to the literature show that the minimum, maximum, and man precipitation 
values are far from those shown in the literature.  The minimum and mean precipitation values provided from 
Kriging are close to those shown by the literature.  The maximum precipitation value from Kriging is much 
lower than that from the literature.  This shows again the limitation of Kriging in interpolating above the high-
est stations.

Precipitation Map on ArcGIS Online

Using the precipitation values from the stations a precipitation map was developed and shared on ArcGIS On-
line (Figure 8).  The map has information on the long-term monthly and annual average precipitation.  This in-
formation along with a graph of the monthly precipitation can be received by clicking on each of the stations.

Figure 8:  ArcGIS Online Precipitation Map of Albania.
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CONCLUSIONS

In conclusion, compiling gridded precipitation maps is a complex task which requires optimization of many 
parameters and knowledge of local terrain characteristics.  PRISM represents a model that considers the ef-
fects of terrain and climate in predicting the precipitation, however the model needs further optimization of 
parameters in order to show more accurate results.  Further research should include the use of more recent 
precipitation data as a way to study the temporal trend of precipitation.  In addition, other types of data, such
DV�WHPSHUDWXUH��DLU�KXPLGLW\��HYDSRUDWLRQ��ULYHU�ÀRZ�GDWD��FDQ�EH�DGGHG�WR�WKH�PRGHO�DQG�DOORZ�IRU�IXUWKHU�
DQDO\VLV���(DVLQJ�WKH�SURFHVV�RI�GDWD�DFFHVV��ZRXOG�EHQH¿W�VXFK�UHVHDUFK�DFWLYLWLHV�LQ�$OEDQLD�
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