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Observation data
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Meteorologiskas stacijas

@ Stacijas, kuras izmantotas visu parametru analizé

e Stacijas, kuras izmantotas nokriSnu daudzuma
un sniega segas biezuma analizé

Lielupe basin: Bauska and Jelgava Daugava basin: Daugavpils, Dagda, Zilani,

precipitation only — Piedruja, Sili



CMIP6 climate change scenarios

SSP — Shared Socioeconomic Pathways
Global results also in IPCC 6th report (2023)

SSP1-
Socio-economic factors =—p> SSP1-
such as populatlon, SSP2-
economic growth,
. e SSP3- :
education, urbanization This component was
. SSP4- . :
and rates of technological SSPA- used in previous (RCP)
development SSP5- scenarios.

In agreement with the policy makers, it was decided that in Latvia we will consider:
o SSP1-2.6 — minor climate change (not used in ICEREG)
o SSP2-4.5 — climate change
o SSP3-7.0 - significant climate change



Model analysis workflow
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Climate indices for river basins

All indices calculated for the whole season
(November—April) as well as each month

values for coldest 10%
and 25% winters as well —
as typical (mean)

Lo L

10th and 25t percentiles
for temperature and PDDs,
90th and 75t percentile for
NDDs

Mean air
temperature

Negative degree
days (NDD)

Positive degree
days (PDD)

Precipitation
amount

S—

days with daily
average temperature
below or above 0 °C

v

count of such days
within period and their
temperature sum



Average air temperature in Latvia
(1947-2024)
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Average air temperature:

* during the climatic reference period (1961-1990): +5.6 °C
e during the period of climatic norms (1991-2020): +6.8 °C
The increase in average air temperature so faris 1.2 °C



Past and future climate change in Latvia

Average air temperature

Past climate change

. . 1961—1990 1991—2020

Average air temperature increase by seasons
(reference period vs. normal period):
* Winter from —4.4 °C to —2.4 °C (biggest

increase);
e Spring from 4.8 °Ct0 5.9 °C; : 5 |
 Summer from 15.6 °Cto 16.7 °C; !
e Autumn from 6.5 °Cto 7.1 °C

(smallest increase)

Future climate change (2071-2100)
The increase of the average annual SSP1-2,6 SSP2-4,5 SSP3-7,0
air temperature at the end of the i
21st century in relation to the
reference period (1961-1990):
* minor climate change: +2.8 °C
* medium climate change: +3.7 °C
* significant climate change: +4.9 °C

.

Air temperature, °C

6 8 10




Past and future climate change in Daugava and

Largest increase so far in
January, in the future Dec—Feb

In many cases average air
temperature would be positive
by the end of the century

Lielupe Rivers

Average air temperature

Ri Reference;| Mormal;, | Normal vs [* m:fdu;r;:;r?g;:d- ﬁlﬁ?ﬂtiun] Fuburé vs. normal period
basin |Period | 1561 1990 |1991-2020| reference 8

S55P3-7.0 SS5P3-7.0

Season| -2.0°C | -04°C |7 +16°C | +1.9[+1.0]°C +3.1 [#0.8]°C | +2.3°C [T +35°C

Nov | +07°C | +1.4°C [T +07°C | +3.9[1.1]°C +5.0[#1.2]°C | +25°C [T +36°C

Dec | -3.8°C | -2.2°C [T +16°C | +0.2[+1.2]°C +1.6[#1.1]°C | +24°C [T +38°C

Daé‘iﬁg‘:a Jan | -66°C | -41°C [T +25°C | -1.8[x1.1]°C -0.4 [x0.9]°C | +23°C [T +37°C

Feb | -58°C | -41°C [T +1.8°C | -1.7[*1.1]°C -0.3 [#0.8]°C | +24°C [T +38°C

Mar | -17°C | -0.°C [T +16°C | +2.1[1.2]°C +3.1 [#1.0]°C |1 +2.2°C [T +32°C

Apr | +5.0°C | #+67°C |1 +1.7°C | +8.7[20.8]°C +9.6[£0.8]°C |1 +20°C |T +29°C

Season| -1.0°C | +05°C [T +1.5°C | +26[1.0]°C +3.8[£0.8]°C |1t +21°C |1 +33°C

Nov | +1.7°C | +24°C [T +07°C | +4.9[%1.1]°C +50[£1.2]C |1 +25°C [T +35°C

Dec | -26° | -1.1°C [T +159% | +1.3[#1.1]°C +26[1.1]°C |1 +24°C |7 +3.7°C

L'g:ﬂgf Jan | -5.1°c | -28°c |1 +23°C | -06[x1.1]°C +0.6[+0.8]°C |1 +22°C |1 +34°C

Feb | -47°%C | -28°C |7 +19° | -06[1.1]°C +07[20.8]°C |1 +22°C | +35°C

Mar | -0.8°C | +0.7°C |7 +15°C | +2.7[¢1.1]°C +37[20.9]°C | +20°C |T +3.0°C

Apr | +53°C | +6.8°C |7 +1.5°C | +8.5[+0.9]°C +9.5 [+0.7]°C | +1.7°C |1 +27°C




Past and future climate change in Daugava and
Lielupe Rivers

Average air temperature

Mean air temperature in Daugava River between tributaries Nereta and Aiviekste

Coldest 10% winters in the future
21 under SSP3-7.0 scenario will be e
warmer than typical winters now / - .
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Past and future climate change in Daugava and
Lielupe Rivers

Negative degree days

Decrease in NDDs has been
slightly more prominent so far
in Daugava

For both basins Jan—Feb will
see the largest decrease in
NDDs in the future

Future; 2071-2100

Future vs. normal period

River Period Reference;| Mormal; Mormal vs. [+ model standard deviation]
basin 1961-1990(1991-2020| reference
SSP3-7.0 SSP3-7.0

Season| 657.8°C | 469.7°C | -188.1°C| 260.5[¢73.5]°C | 177.5[¢55.6]°C || -2090.2°C || -292.2°C
Mov | 426°C | 383°C |J -4.3°C 12,6 [£7.2]°C 70[47]%c |l -257°C | -31.3°C
Dec | 136.3¢C | 988°C || -375°C | 499([192]°C | 315169 °C |l -488°C || -67.3°C

Daéliﬁgfa Jan | 214.4°C | 1446°C || -59.8°C | B89.3[x27.1]°C | 6382188 *C || -553°C |l -B0.B°C
Feb 173.85C 1323 |l -415°C 81.7 [£22.1]°C 376 [216.2]°C Lo -EOBOC | -T4TOC
Mar | B86.7°C | 540°C |J -327°C | 24.9([x108]°C 17.5[9.0)°C |l -291°C || -385°C
Apr 40°C 179Cc [J -23°C 0.2 [£0.3) °C 01[z01]°¢c |l -15°%C |l -18° |
Season| 526.1°C | 366.4°C |l -159.7°C | 194.1[+60.2]°C | 120.2 [#44.5]°C || -172.3°C || —23?_2*‘-0.
Nov | 303° | 26.1°C |l -4.2°C 8.1 [£5.1] °C 44 z31]*Cc |l -18.0°C [ —21.?%:-
Dec | 107.8°C | 768°C || -31.0°C | 355[+145]°C | 220[122)°C |l -4139°c ||l -548°C

L';!:sf’ Jan | 1728°C | 115.8°C || -57.0°C | 67.3[+23.1]°C | 47.2[153|°C |l -485°C || -6B8.6°C
Feb | 145.3°C | 105.0°C |l -40.3°C | 63.0[19.0]°C | 429[x151]°C || -420°C || -62.1°C
Mar | 67.8°C | 41.9°C |l -258°C | 184[+9.6]°C 127[#751°C |1 -23.5°C || -209.2°C
Apr 2.2°C 08°c || -14°C 0.1 [£0.2] °C 0 [20]"C L -07°C | -08°C




Past and future climate change in Daugava and

Lielupe Rivers
Negative degree days

Negative degree days in Lielupe River from Masa and Mémele confluence to Sesava River
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Past and future climate change in Daugava and
Lielupe Rivers

Number of days with negative mean air temperature

Future; 2071-2100

Historically Daugava basin has
had more days with negative
air temperature than Lielupe,
and this would stay true in the
future

Largest decreases in
December, but also March

Future vs. normal period

River Period Reference;| Mormal; Mormal vs. [+ model standard deviation]
basin 1961-1990 |1991-2020| reference
58P3-7.0 53P3-7.0
Season| 99 days B3days | -16 days 61 [£12] days 46 [£11] days J- -22days |l -37 days
Moy 11 days 10 days |J. =1day 5 [£2] days 3 [42] days J -Sdays [J -7 days
Dec | 21 days 18 days |J] =3 days 13 [£3] days 9 [44] days J. -5days || -9Bdays -
D“F;‘iﬁ*;’;'a Jan | 24days | 21days || -3days | 17 [£3] days 14 [£3]days |l -4days [l -7 days
Feb 23 days 18 days |J -4 days 16 [£3] days 13 [£2) days |l =3days |l -6days
Mar 17 days 13 days |[J -4 days 8 [£2] days 6 [3] days J- -Sdays |J -7 days
Apr 2 days 2days | Odays 0 [£0] days 0 [20] days Jo =2days | -2days
Season| 86 days 71days |J. =15days | 47 [£10] days 35[t%) days || -24days || -36days
Mow 9 days 8days [J -1day 3 [+2] days 2 [41] day=s J- -Gdays |l -6 days
Dec 19 days 15 days |J -4 days 10 [£3] days 7 [23] day=s J -Bdays || -8days
Lis::gf Jan 22 days 18 days |J] -4 days 14 [£3] days 11 [£2] days || -ddays |l -7 days
Feb 21 days 17 days | -4 days 13 [£3] days 10 [£3]days |l -4days || -7 days
Mar 14 days 12days |[J -2 days 7 [£2] days 4 [22] days J- -Sdays |l -Bdays
Apr 1 day 1day |0 0Odays 0 [£0] days 0 [20] days J -1day |[J -1day




Past and future climate change in Daugava and
Lielupe Rivers

Different effects — Nov and
Apr see the largest increases
in the future

Positive degree days

Future; 2071-2100

Future vs. normal period

River Period Reference;| Mormal; | Normal vs. [+ model standard deviation]
basin 1961-1990(1991-2020| reference
SSP3-7.0 S$5P3-7.0

Season| 286.0°C | 400,3°C |T +114.3°C | 596.6 [£129.2] °C | 737.8 [+110.5]°C |T +196.3°C [T +337.5°C
Moy | 645°C | 79.6°C |T +151°C | 129.5[227.4]°C | 1564 [£32.3]°C |T +499°C |T +78.8°C
Dec | 17.6°C | 302°C [T +126°C | 554 [+214]°C | 80.3[z228]°C |17 +252°C |T +50.1°C

':""'F‘;iﬁg‘;'a Jan | 8.8°C 18.4°C |T +9.6°C | 33.1[8154]°C | 49.5[214.7]°C |T +14.7°C [T +31.1 oG |
Feb a8.0*C 17.8*C |T +n8°C 33.3 [x12.1)°C 480 [214.3) =*C T #155°C [T +3D.2”C.
Mar | 3289 | 522°C [T +184°C | 009 [+292]°C | 1150 [x255]°C |1 +387<C |T +ez.aﬂc'
Apr | 154.2°C | 2021°C |T +47.9°C | 260.2[+28.0]°C | 2886 [£23.3]°C |T +58.1°C [T +35.5ﬂc.
Season| 3396°C | 461.5°C |T +121.9°C | 674.7 [£134.2]°C | 8251 [+112.5]°C |T +2132°C |T +353.6“C.
Nov | 8099 | 96&°C [T +157°C | 153.9[+28.9]°C | 181.0[£325°C |T +57.3°C | +a4.4ﬂc-
Dec | 27.09% | 418°C [T +14.8°C | 75.3[+234]°C | 103.3[£25.0]°C |T +33.5°C |T +61.5°C

'-':!ﬂgf Jan | 1559 | 27.8°C [T +12.3°C | 4B4[+176]°C | B7.5[2155]°C |T +20.6°C |T +38.7°C
Feb | 13.2°C | 281°C |T +12.9°C | 449[+16.8]°C | B29[2156]°C |T +188°C |T +36.8°C
Mar | 4219 | B34°C [T +21.3°C | 102.6[+28.7]°C | 127.4[+23.9]°C |T +39.2°C |T +64.0°C
Apr | 1B1.0°C | 205.7°C [T +44.7°C | 255.6[+25.3]°C | 283.1 [+21.6]°C |T +49.9°C |T +77.4°C




Yearly precipitation amount in Latvia
(1945-2024)
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Total precipitation:
e Reference period (1961-1990): 655 mm

* Climate normal period (1991-2020): 684.5 mm
Current annual precipitation amount increase is 4%



Past and future climate change in Latvia

Precipitation amount

Past climate change
1961—1990 1991—2020

Precipitation amount increase by seasons
(reference period vs. normal period):

e Winter from 121.8 to 144.2 mm (+18.4%);
e Spring from 118.5to 123.4 mm (4.1%);

e Summer from 215.1to0 222.3 mm (3.3%);
e Autumn from 200.6 to 194.6 mm (—3.0%)

The increase of the precipitation amount Future climate change (2071-2100)
at the end of the 21st century in relation SSP1-2,6 SSP2-4,5 SSP3-7,0

to the reference period (1961-1990):

* minor climate change: 18% "

* medium climate change: 23%

 significant climate change: 24% , A

Precipitation amount, mm
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Past and future climate change in Daugava and
Lielupe Rivers

Precipitation amount

Changes more variable than
for temperature

However the future trend is
the same for all periods —
increasing, the largest increase
projected for Mar—Apr

Future: 2071=-2100

Future vs. normal period

River Period Reference;| Mormal; | Normal vs, [+ model standard deviation]
basin 1961-1990 (1991-2020| reference
SS5P3-7.0 S5P3-7.0
Season| 244.6 mm | 255.0 mm | T +4.3% | 3503 [+31.2] mm | 363.6 [+35.5] mm | T +37.4% |T +42.6%
Mov | 55.0mm | 534 mm |J -2.9% 60.4 [£7.4] mm BO.5 [#8. 7 mm [T +30.0% |T +30.1%
Dec | S50.2mm | 464 mm |l -7.6% 64.2 [+8.9) mm | B6.4 [#11.4] mm [T +384% [T +431%
Daﬁ'ﬁg‘;’a Jan | 363 mm | 442mm |T +218% | 556[+6.8) mm | 583 [x76]mm |1 +258% [T +31.9%
Feb | 275mm | 393 mm [T +429% | 478[+67]mm | S1.9[z83]mm [T +216% |T +32.1%
Mar | 348mm | 361mm [T +4.3% 51.2[#7.7]mm | 554 [+6.8]mm |T +41.8% [T +53.5%
Apr | 41.0mm | 355mm |L -134% | 62.0[#8.5 mm | 623[x6.3]mm |T +74.6% [T +75.5%
Season| 2316 mm | 2364 mm |7 +21% | 3532 [+40.7) mm | 365.6 [+45.5] mm | T +49.4% [T +54.7%
Nov | 5328mm | 498mm [l -76% | 716[x104]mm | 7T18[+125) mm [T +436% |T +44.2%
Dec | 459 mm | 450mm [J -2.0% | 67.5[#10.6]mm | 69.8 [+14.1] mm |T +50.0% |T +55.3%
HelPe | Jan | 32.9mm | 41Amm [T +24.9% | 57.4[(£9.0]mm | 60.5(z0.91mm |1 +39.7% |T +47.2%
Falb 26.0 mm 33T mm ‘T +29.6% 478 [£7.7] mm a1.6 [+9.6] mm T #41.8% [T +53.1%
Mar | 323mm | 31.3mm [J -3.1% 50.2[+8.4]mm | 53.5[6.3)mm [T +604% |T +70.9%
Apr | 40.5mm | 355mm | -123% | 5B.8[8.3)mm | 58.3[x6.7)mm |T +65.6% [T +64.2%
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Conclusions

While climate models suggest a long-term warming trend, which on
average could decrease ice-jam probability, natural variability will
continue to result in occasional colder winters.

In the future precipitation is projected to increase, especially during
winter, which could be favourable for ice-jam formation.

The frequency and intensity of extremely cold winters are projected to
decline, but we see now already that due to climate change the winter
season is less stable, with more fluctuations around 0 °C and therefore
more thawing periods



Thank you for your attention!
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