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ABSTRACT

Past multiyear temperature (T), precipitation (P) and river discharge (Q) trends across Serbia are
presented in the paper, both annual and monthly basis. The first objective of the research is to find
observed multiyear T, P and Q trends in Serbia, which could be similar to the long-term trends and to
assess the correlations between them. The results indicate that the long-term average yearly trends are
approximately: temperature increase of 0.6°C/100 years, a slight decrease in precipitation, but with sig-
nificant differences between western and eastern part of the country, and a decrease in river discharge
of 30%/100 years. The second objective, and most important finding is the result of average correlations
between air temperature increase and changes in river discharges and precipitation. The conclusion is
that all the selected monitoring stations report an inversely proportional correlation between average
annual temperatures and annual river discharges. On average, a 1°C increase in annual temperatures
roughly corresponds to a 20% reduction in average annual river discharge and a 7% reduction in aver-
age annual precipitation. It is shown that an average annual temperature increase of 2°C will likely
result in half the river discharge in Serbia, on average. The methodology described in the paper may be
very useful for estimating near future (approx. next 30 years) average river discharges in many parts
of the world, particularly in regions where a decreasing precipitation trend has been recorded. The
third objective and important conclusion is related to low-discharge months (July through October).
A considerably lower negative river discharge trend (close to zero) is noted, as a result of an upward
precipitation trend during these months, but also in places due to human impact. The fourth objective
is to generally compare the results of this research based only on observed changes, in which regional
climate and hydrologic models (RCMs) were not used, with the results obtained by RCMs for the near
future in different projects and studies by other authors.
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1. Introduction

Pressures regarding future water supply security, such as
in many parts of the world [1-4], are expected in central and
eastern Serbia, given the imminent increase in water demand
and decrease in discharge, to a greater or lesser extent, of
all rivers in the region [5]. Significant impacts of human
activity exist in western and northern Serbia, such that their
inclusion and a presentation of the spatial hydrologic trends
are less reliable and would require a much lengthier paper.

A temperature and precipitation trend analysis is presented
for the whole of Serbia. The period selected for analysis is
from 1949 to 2006. This period is convenient because it is
relatively long (58 years), data are available from numerous
monitoring stations, and they exhibit a close similarity to
estimated long-term temperature and precipitation trends,
and particularly river discharge trends in Serbia [5-7]. The
selected long-term trend is that of the past 100 years [5], for
two reasons:
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* A trend is much less changeable when the data series
exceeds approx. 70 years, and

o If there is a significant trend in the past 100 years, there
is also a high probability of a similar trend at least in the
near future, for example, next approx. 30 years, which
is much more the focus of the research than the distant
future.

As such, long time-series data were available from sev-
eral climatic and hydrologic stations in Serbia [5,7,8].

All the trend charts shown in the paper were generated
using software for interpolation purposes “Surfer,” based
on the data recorded at the analyzed monitoring stations,
after removing the stochastic component by regional aver-
aging [5,9]. This approach could not be absolutely precise, of
course, but we trust that it gives us the best possible results in
the frame of available data. It should be noted that the aim of
the research is to arrive at conclusions that are certain enough
sure and important for the water sector.

2. Temperature and precipitation trends in Serbia

All global and regional climate models (RCMs) predict
an increase in temperature and a decrease in precipitation in
Serbia. The average annual temperature increase is expected
to range from 2°C to 5°C/100 years, largely depending on the
selected scenario and to a much lesser extent on the analyst
[3,10-12]. Annual precipitation predictions range from cur-
rent levels (trend = 0) to —25%/100 years. Each prediction is
sensitive to assumption uncertainties and calculation imper-
fections. The quality of a prediction, particularly for the near
future, grows with increasing validation by observed data
and recorded trends [6,13]. To assess past climate trends,
26 temperature stations and 34 precipitation stations were
selected [5]. The annual average temperature trend in Serbia
was found to be about 0.6°C/100 years, while the annual pre-
cipitation trend was slightly negative. Monthly temperature
and precipitation monthly and annual averages for the period
1949-2006 are shown in Tables 1 and 2, and the locations in
Fig. 2. The spatial distribution on an annual basis and for the
months of August and September is shown in Fig. 1 [5,7].

It could be said that observed yearly T and P trends are in
line with RCMs [3,10,11]. Monthly trends are more debatable.

The highest upward monthly temperature trends in the
RCMs have always been predicted for the summer months
(June, July, August and September). They are considerably
higher than the predicted annual trend in RCMs, while
observed trend in September is decreasing. September, along
with November and December, was the only month with a dis-
tinct negative temperature trend (average —1.4°C/100 years).
January, March and May are the months with the highest
upward temperature trends.

The distribution of certain monthly precipitation trends
is especially questionable: the highest downward trend in the
RCMs was almost always predicted for the summer months
(often in the order of —50%/100 years), which is inferior to the
predicted annual trend, while the actual trends in July, August
and September were of the order of approx. +40%/100 years.
September is at the same time the month with the highest and
most consistent positive precipitation trend in all of Serbia.
The months from November to February exhibit a downward

precipitation trend, August and September an upward pre-
cipitation trend, and the other months vary.

3. Past average hydrologic trends in central and eastern
Serbia

Serbia, especially its eastern part, experiences a down-
ward river discharge trend. Apart from climate change (CC),
the hydrologic regime of a river is affected by changes in land
use (LU) within the catchment area (CA) and changes in the
extent and method of human use (HU) of water [14-17]. As a
result, some of Serbia’s rivers record a considerable decrease
in discharge. The discharges of only a small number of riv-
ers have increased, largely due to water transfers from other
river basins, which began in the 1970’s and 1980’s. All three
components are very important and the degree of signifi-
cance varies very much from one catchment to another.

It is well known that contrary to climate parameters, it is
difficult to spatially generalize river discharge trends because
several factors affect these trends [14,18,19]. Small rivers (CA
<1,000 km?) are much more stochastic in nature and sensitive
to water withdrawal for human consumption, so they are not
included in this analysis. The most important factors are:

e The transfer of water, if any, between catchments
upstream from a given hydrologic station. This factor is
dominant at a number of hydrologic stations and such
stations need to be excluded from analysis (otherwise
they require comprehensive calculations for which reli-
able data are generally unavailable), in order to derive
relevant results.

e Other human impacts (the presence or absence of river
reservoir(s) in the CA, the volume and way of HU of
water in a given CA). The degree of significance of this
factor ranges from negligible (small volumes of water
withdrawn from large rivers) to dominant (large volumes
withdrawn from small rivers), within the framework of
the recorded trend. A favorable circumstance from a
trend analysis perspective is that much more water is
used in Serbia for drinking water supply (where rela-
tively accurate data are available), than irrigation (where
there are only rough estimates).

* Any LU changes in the CA. LU changes are relatively rare
in Serbia but there is a slight arable land shrinkage trend.

e C(limate change. CC has had the greatest impact and
resulted in the most distinct recorded downward pre-
cipitation and river discharge trends in eastern Serbia
[5,9]. Conversely, only a minor change has been noted
in southwestern Serbia, where many rivers exhibit near-
zero trends as a result of an upward precipitation trend,
but also an upward evapotranspiration trend due to a
slightly higher temperature increase in that region, com-
pared with Serbia’s average (Fig. 1).

An approximate geographic distribution of the down-
ward average annual river discharge trends for central and
eastern Serbia is shown in Fig. 2. It should be noted that
within all river discharge trend isolines, there are rivers and
monitoring stations that often exhibit significant trend vari-
ations (both up and down), as a result of factor B and espe-
cially A. Fig. 3 was compiled based on the trends recorded at
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Monthly temperature trends and annual averages (1949-2006)

No. and name of T station Jan. Feb ~Mar Apr May Jun Jul Aug Sep Oct Nov Dec Aver
1. TS Sombor 274 171 271 0.07 245 154 157 184 -059 131 -116 -1.76 1.04
2. TS Sremska Mitrovica 2.09 154 282 -0.09 238 1.01 1.02 153 -0.86 149 -125 -181 0.82
3. TS Senta 304 204 291 040 267 195 202 203 -039 144 -1.06 -1.71 128
4. TS Beograd 216 193 331 004 226 113 1.28 1.51 -099 141 -111 -186 092
5. TS Zlatibor 268 176 3.32 045 239 173 1.84 1.04 -1.19 183 -170 -199 1.01
6. TS KrusSevac 1.67 131 322 -047 123 064 0.78 050 -1.64 091 -215 -2.69 028
7. TS Nis 126 074 299 -059 1.01 049 071 022 -198 070 -240 =271 0.04
8. TS PoZega 229 170 3.60 071 254 184 186 123 080 1.66 201 -220 1.03
9. TS Pirot 162 100 3.55 019 167 131 129 078 -1.23 1.03 225 213 057
10. TS Vranje 101 028 28 043 1.08 077 061 -010 -1.85 094 -223 -2.69 0.02
11. TS Zajecar 210 139 373 025 159 129 123 071 -1.51 073 226 227 0.54
12. TS KnjaZevac 166 087 320 057 123 078 0.72 020 -1.98 045 262 -251 0.12
13. TS Veliko Gradiste 152 133 272 057 140 059 0.77 075 -1.67 061 -1.65 -263 026
14. TS Aleksandrovac 164 140 3.09 072 083 035 0.59 044 -1.61 108 215 270 0.19
15. TS Leskovac 098 029 268 077 077 041 041 023 239 024 282 -287 -0.28
16. TS Prokuplje 115 074 291 086 072 026 051 005 -197 0.67 247 -2.80 -0.09
17. TS Cuprija 145 1.08 3.01 069 128 050 0.72 050 -1.70 0.75 =215 =275 0.17
18. TS Cacak 223 153 332 031 215 140 157 112 -095 147 209 -2.07 0.83
19. TS Novi Pazar 3.05 258 427 079 230 197 215 136 -036 223 -145 -139 146
20. TS Sjenica 280 1.83 3.45 034 187 160 194 098 -097 195 -1.84 -142 1.04
21. TS Ivanjica 273 209 382 0.67 241 178 188 115 076 187 -174 -1.63 1.19
22. TS Jagodina 147 124 317 055 150 0.70 091 068 -1.50 090 206 -270 031
23. TS Cumié 201 167 315 042 156 069 0.92 1.00 -1.12 155 -167 227 0.59
24, TS Valjevo 224 152 317 030 248 144 159 153 078 1.65 -175 205 094
25. TS Dragas 174 076 321 016 082 049 021 046 -233 162 -1.59 223 017
26. TS Bujanovac 110 025 284 043 110 078 054 023 -1.73 116 -2.08 -2.61 0.06
Temperature  Average of 26 1.9 1.3 3.2 -0.1 1.1 1.1 08 -14 12 -19 22 0.6
(°C/100 years) stations

19 selected hydrologic stations (Table 3) across Serbia — 16 of
them are shown in Fig. 3 and the remaining 3 lie beyond the
boundaries of this map, where factor B was assessed as hav-
ing an acceptable degree of impact, and where factor A was
either non-existent or negligible.

4. What characterizes low-discharge trends in Serbia?

The average monthly distribution of the hydrologic
trends recorded at 18 stations across Serbia (Fig. 3) are shown
in Table 3, along with the only registered long time-series
of a karst spring in Serbia. This karst spring is the source
of the Mlava River, its capacity is substantial, and it can be
considered as river flow. The same results would have been
obtained if the flow had been gauged a few kilometers down-
stream. The reason of including this karst spring in a river
discharge analysis lies in the fact that this is the only hydro-
logic data series in this part of Serbia.

There is a dam and reservoir upstream from some of
the hydrologic stations (numbers 1, 5-9 and 11 in Table 3).
Contrary to annual trends, impact of reservoir on monthly
trends is significant, especially in low-flow period.

Apparently, a much lower trend was noted during the
months of low discharge - July to October (-26.8; -7.4; +18.6;

—22.1; average app. —10%), primarily as a result of an upward
precipitation trend during these months (+11.5; +43.1; +70.9;
+6.3; average app. +33%), and additionally, often due to the
presence of a river reservoir upstream from a given station,
which equalizes annual discharges. An attempt has been
made to establish more precise correlations for low-discharge
months, but still with no satisfactory outcome. Correlation
will be sought in a standard way (hydrology balance) —
catchment by catchment, if other important data are avail-
able (evapotranspiration, HU of water, operating regimes
of hydroelectric power plants, etc.), Hopefully, this will be
achieved in the next few years, but it is highly questionable
due to frequent lack of such additional data.

5. What is to be expected in the future?

Based on the above, it is obvious that there is a down-
ward average annual river discharge trend in Serbia. If tem-
perature continues to increase, what is to be expected with
regard to hydrologic trends? Will they continue to fall? Will
the negative trend increase or decrease? How reliable are the
results of RCMs, if hydrologic predictions in different stud-
ies result in a broad range of possible discharges of the same
river (extremes of +20% and —40% are noted) [7,20]?
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Table 2
Monthly precipitation trends and annual averages (1949-2006)

No. and name of P station ~ Jan Feb ~Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Aver
1. PS Bezdan —4.8 -50.8 38 69 -393 22 290 387 942 589 -347 -53.6 2.7
2. PS Sid 155 -36.1 82 176 -231 175 321 416 909 879 -105 -584 153
3. PS Horgos -126 -356 150 272 490 45 480 245 1153 410 -65.0 -35.8 5.7
4. PS Jasa Tomi¢ -258 —62.6 07 491 -331 1.7 168 468 1035 457 -642 422 3.0
5. PS Prijepolje -237 216 -106 701 -179 -16.3 93 572 1021 22 125 213 186
6. PS Kursumlija -19.1 208 -28.0 419 450 -221 259 332 59.0 481 455 =72  -6.3
7. PS Leskovac -125 80 -303 301 423 -89 105 403 480 -151 -676 -119 5.6
8. PS Beoce -323 52 -143 561 -382 -12.6 351 506 874 -200 -219 5.9 7.6
9. PS Pirot -77 533 287 146 -394 -180 -326 459 362 -312 -100.5 -253 -20.0
10. PS Vranje -16.1 -112 -312 249 -416 -6.1 25 439 387 -172 -774 -187 9.1
11. PS Knjazevac -37 245 -150 457 -392 -104 -213 561 571 51 -73.0 -324 55
12. PS Svrljig 09 223 -155 404 470 -76 34 662 494 -185 658 268 42
13. PS Voluja 213 464 05 541 -545 -311 -385 371 449 205 677 -31.8 -11.2
14. PS Aleksandrovac  -26.5 -225 -349 400 -60.8 -148 169 375 613 -439 -413 95 -82
15. PS Vugje -100 -09 266 244 -486 -11.1 101 386 440 -151 -679 -107 -6.2
16. PS Trecak -239 275 -321 397 572 -210 172 290 543 -523 425 -123 -10.7
17. PS Cuprija -155 -148 30 537 -606 -19 04 433 594 31 -442 -133 0.0
18. PS Kosjeri¢ -22.3 6.6 -19.6 322 -455 51 100 345 771 124 52 -4.1 6.8
19. PS Novi Pazar -32.1 -24 -134 588 -381 -188 387 516 893 -215 -175 10.0 8.7
20. PS Brodarevo 271 186 -176 669 -237 -12.0 70 471 1070 -142 102 146 147
21. PS Ivanjica -430 -50 -326 388 -48.0 -165 172 404 863 -179 -03 1.4 1.7
22. PS Vranovina -334 -15 -163 585 -353 -146 392 541 918 -179 -16.6 10.9 9.9
23. PS Rekovac 276 -160 -167 386 -60.9 -03 143 492 791 -151 -341 -112 -0.1
24. PS Donja Satornja ~ -37.6 -245 -259 307 -62.7 210 159 479 716 206 -109 -7.3 3.2
25. PS Osecina -141 208 80 262 -395 370 296 482 806 557 12 249 141
26. PS Dragas 121 253 211 384 -50.0 -36.9 93 331 304 -201 -—43.1 30.6 4.2
27. PS Bujanovac -283 25 -284 352 -52.8 08 11.0 235 297 -20.6 -83.2 27 94
28 PS Jajinci -128 -307 -11.8 343 -56.1 3.0 53 541 759 596 -281 275 54
29. PS Senta -14.6 487 80 263 420 -17 383 258 1147 483 -541 415 4.9
30. PS Srem. Mitrovica -12.5 -553 -3.6 127 -424 44 160 579 842 770 -238 -699 3.7
31. PS Kriva Reka-Brus -25.2 -23.0 -339 433 -533 -195 195 371 709 486 -405 91 6.9
32. PS Martinci -6.3 -50.0 0.0 142 -379 6.7 196 560 871 794 -185 -649 7.1
33. PS Krupac -53 515 247 176 -370 -164 -312 539 362 -274 -987 230 -17.3
34. PS Bogojevo -6.8 444 15 -72 -279 39 401 357 839 649 -318 -62.7 4.1
Precipitation ~ Averageof -16.0 -21.7 -124 357 -437 -6.6 11,5 431 709 63 —414 -179 -03
(%/100 years) 34 stations

One of the best ways to answer these questions is to ana-
lyze what has happened in the past to average annual tem-
perature vs. river discharge levels, and it is also useful to
establish the same type of correlation between temperature
and precipitation [4,9]. The temperature and precipitation
stations which are closest to the center of the CA of a hydro-
logic station were taken as reference stations. The analysis
included all 18 hydrologic stations and their associated mete-
orological stations.

5.1. Methodology and results

The values of the following parameters were calculated
for each CA during the 1949-2006 period:

® Average annual river discharge at a given hydrologic sta-
tion, relative to the average, Q

® Annual precipitation sum recorded at a precipitation sta-
tion close to the center of the CA, again relative to the
average annual sum, P_;;

e Difference, AT,, between the average annual tempera-
ture and the average temperature at that station.

To establish correlations, data were grouped into catego-
ries according to deviations of average annual temperatures
from the mean values for a given station, at intervals of 0.5°C.
Average values were then calculated for each category of tem-
perature deviation, and of the annual discharge and precip-
itation relative to their mean values, respectively. These data
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Fig. 1. Recorded annual and monthly T and P trends for August and September in Serbia (1949-2006).

were then used to construct graphs of the correlations between
the derived values, displaying also the linear and 3rd degree
polynomial fit to the composite data shown and the associated
coefficient of determination R Even though each of the stud-
ied CAs exhibits specific features, there is no major difference
between them: all show the expected trend of an average
decline in river discharge with increasing temperature and
vice versa. It is, therefore, fully justifiable to synthesize all rele-
vant data into a single data set. This enlarges the data set by 58
members, of each of the analyzed time series, to 58 x 18 =1,044,
and decreases the effect of random, non-standard years, espe-
cially in classes that otherwise have few data points. A synthe-
sis of all data (Fig. 4) yielded average values and the derived
trends can be considered highly representative for assessing
the average temperature impact on river discharges in Serbia.

It should be noted that the coefficient of determination
is very high on both graphs, leading to the conclusion that a
deviation of the average annual temperature by +1°C has an
inversely proportional effect on the average annual precip-
itation levels of about 7%, and on the average annual river
discharge of about 20%. The results differ from CA to CA,

but in most cases this variation is not large. If the linear and
3rd degree polynomial trends are extrapolated to +2°C, the
following values are derived for relative river discharge and
relative precipitation (Table 4).

Animportant characteristic of this approach is that it takes
into account all three changes: CC, LU and HU. Perhaps, this
methodology could help in research which regional climate
hydrologic model is appropriate for certain region. In order
to be applied to individual catchments, it might be useful to
produce the same RCM models for a number of catchments
and try to arrive at an average for the analyzed region (in this
case central Serbia) that is similar to the values of the correla-
tions given in Fig. 4 [5,9,20].

6. Comparison of hydrologic results with literature sources

Intergovernmental Pannel on Climate Change (IPCC)
and those RCMs that provide a spatial picture of predicted
runoff (river discharge) changes in Europe tell us that we can
expect runoff reduction in southern Europe (south of around
50°N) and that a decline trend from west to east is likely to
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Fig. 2. Locations of selected temperature and precipitation
stations.

happen in southeastern Europe [10,11,21-23]. Some estimate
changes in runoff for different increases in temperature and
different scenarios. One could say that the direction of the
observed yearly discharge changes in Serbia is in line with
these studies — a decline trend from western to eastern part
of Serbia is registered [5,6], but the impact of temperature
increase on runoff, shown in Fig. 4, is significantly stronger.
RCMs that are analyzed catchments tend to produce quite
different results, depending on the adopted scenario and
models, even for the same river [9,20]. The averages of annual
river discharge changes obtained by RCMs are, in most cases,
lower than the registered trends [20].

Like precipitation, low-flow monthly trends are more
debatable. In the majority of cases, RCMs predict a greater (in
absolute value) river discharge decline during low-flow peri-
ods than the annual average [10,11], whereas observed data
tell us the opposite — a lower decline is observed from July to
October, compared with annual river discharge trends. This
could be explained by the existence of numerous reservoirs
in Serbian river basins, which to some extent temporarily
equalize discharges.

7. Conclusions

An increasing temperature trend of 0.6°C/100 years was
derived from 26 analyzed temperature stations. A greater

Y [Annual hydrological trend,
1949-2006; %/100 years

Derstive

V'“f)

Fig. 3. Isolines of the downward average annual river discharge
trend.

trend was noted in mountainous areas and in the north of the
country (even exceeding 1°C/100 years). Southeastern Serbia
exhibits the lowest trend (about 0°C/100 years).

The overall average observed precipitation change in
Serbia is slightly negative. A distinct upward trend exists
in the (south)western part of the country and a downward
trend in the eastern part of the country. Claims of several
RCMs that the greatest monthly reduction in precipitation
is to be expected during the summer and early autumn are
in conflict with the observed trends. The greatest increasing
monthly precipitation trend has been recorded in August
and September.

The direction of annual river discharge changes in Serbia
is generally in accordance with the forecasts based on the
IPCC scenario A1B [10], and the observed temperature and
precipitation trends [5,6,9,13].

The recorded average river discharge trends are decreas-
ing by about 30%/100 years, and depend on a large number
of factors. Climate change is one of these factors, which is
present at all monitoring stations, but its significance varies.
It is generally dominant in the eastern part of the country, but
is often less significant or even minor elsewhere, especially
where human impact is substantial. Based on precipitation
trend distributions, the greatest negative trend changes were
noted in eastern Serbia.
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Table 3
Registered 1949-2006 hydrologic trends by month and annual average (%/100 years)

River — Hydrologic station ~ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Aver

1  Ibar - Raska 74 -540 -41.0 -449 -875 -46.6 -39 524 674 428 -825 -941 442
2 Lim - Prijepolje -170 -758 -78 145 -242 -559 -971 -601 -64 -206 -59.7 -66.5 -33.5
3  Moravica — Arilje 477 =17 374 376 -94.6 07 -59.8 -106 351 30.0 -26.1 9.7 0.1
4 Studenica — Devidi 21 -84.2 86 593 65 123 -179 -63 13.0 -281 -334 -541 -1.8
5  Drina - B. Basta 48 -293 -16.6 -31 -51.3 577 -444 -141 124 142 484 -56 -32.5
6  V.Morava - Varvarin -154 -64.1 -288 -193 -67 -22.7 -16.6 21 25 —49 51 =552 -33.0
7  Z.Morava - Jasika -58 -83.4 -49 25 —-62.8 -346 -439 18,6 -349 -23.6 -839 -819 517
8 J.Morava — Aleksinac 10 —-44.8 24 5 —67.2 -19.6 -12 155 511 05 -409 -305 -16.0
9  NiSava — Nis -73.7 864 -56.5 571 -80.6 —489 -842 -11 -304 6 -76.6 973 —64.3
10 Lugomir — Majur 42 -263 -249 -63.1 -78.6 -30.7 110 55.7 358 -56.5 -115 -69.0 -33.8
11 Timok — Tamnic 52 -824 -110 -605 -641 -22 -323 111 209 -294 875 -852 —69.1
12 Beli Timok — Knjazevac -37.7 -724 -50.5 55 -789 -81 -121 -81.6 -565 -90.6 -117 -704 584
13 Pek - Kusici -352 -386 -109 -193 -71.8 -124 -50.6 45 9.6 35 122 -646 435
14 Jasenica - D. éatornja 4.7 -268 -37.2 05 -766 153 591 475 232 -85 -562 -373 -20.2
15 Veternica — Leskovac 937 966 -569 -314 -729 -381 -291 302 142 291 -965 -101 564
16 Toplica - D. Selova 165 -565 143 22 -33.8 6.4 69 -238 -509 -119 -765 -86.7 -22.9
17  Crnica — Paradin 527 127 14 241 -379 -168 -293 -110 203 -21.1 -73 -20.6 -16.1
18 Jadar — Zavlaka 353 -524 241 -126 -213 10.1 -16.0 214 100 =356 -129 -157 -63.4
Average of 18 stations -12.0 549 216 -198 -69.8 -30.7 268 74 186 221 -764 —67.7 =36.7
KS Mlava - Zagubicafl -314 -794 320 464 201 277 517 -144 -80 -202 -868 -77.8 -28.38

*Karst spring, source of the Mlava River.

Temperature deviation | Relative discharge Relative precipi- Temperature Number of data
category (°C) (average) tation (average) difference (average) points (years)
AT,y <-1.0°C 1.27 1.09 -1.22 74

-1.0 < AT, <-0.5 1.11 1.05 -0.72 148
-0.5<AT,,<0.0 1.04 1.00 -0.24 327
All data for 18 C.A. 1.00 1.00 0.00 1044
0.0 <AT,<0.5 0.96 1.00 0.22 278
0.5<AT,<1.0 0.90 0.99 0.70 123
1.0°C < AT, 0.72 0.88 1.36 94
1.60 =-0,0508x" + 0,0141x* - 0,1313x +0,9981 1.60 = g a2
1,50 y ! F’@ = olggge' 5 1,50 y =-0,0348x" - 0%)033;7—02,0243)( +1,0055
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Fig. 4. Average annual river discharge and precipitation, relative to the average, as a function of temperature deviation (all 18 CAs).

In general, during low-discharge months, a considerably = mean, however, that a negative trend will not appear during
lower river discharge trend was noted, asaresult of anupward  this period if the temperature continues to rise (especially if
precipitation trend during these months, but also often due to  the mean annual temperature would be 2°C higher, or more,
the presence of a river reservoir upstream of a given monitor-  than the average of the past 60 years, or so), particularly at
ing station, which equalizes annual discharges. This does not  stations where there are no upstream river reservoirs.
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Average relative river discharge and precipitation levels based on linear and 3rd degree polynomial trends for different increases in

average annual temperatures

AT, (°C) — 0.5 1.0 15 2.0
Relative river discharge (Q,,) Linear trend 0.90 0.80 0.70 0.60

3rd degree polynomial trend 0.93 0.83 0.66 0.39
Relative precipitation (P_,) Linear trend 0.97 0.93 0.89 0.86

3rd degree polynomial trend 0.99 0.94 0.85 0.67

It should be kept in mind that the above hydrologic
results are given in terms of averages, while the river dis-
charge trends for specific catchments can differ significantly,
both up and down, due to differences in human activities.

If the average annual temperature were to increase by
2°C, based on the correlations established to date between
average annual river discharges and average annual tem-
peratures, one could expect, on average, approximately half
the amount of water in rivers whose catchments largely lie
within Serbia. It is worth using described methodology and
trying to find appropriate RCMs for a certain region.

Who could benefit from the outcomes of this research?
Apart from Serbia, it is believed that the presented results
will be of interest to the entire region of South East Europe.
Further, the results indicate that an in-depth study of all
observed data (above all temperature, precipitation and
hydrologic data) should be undertaken before a regional
model is produced. Ultimately, the proposed methodology
for the assessment of average temperature impact on average
river discharge and precipitation could certainly be applied
in many parts of the world, especially in regions where a
decreasing precipitation trend is recorded. It could also be
used in other regions, but in some cases the results might not
be as straightforward.
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