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Time series of anomalies of annual and seasonal air temperatures (2C) averaged over
the territory of Kyrgyzstan for the period 1976-2019. Anomalies are calculated relative

to the period 1981 - 2010. Black line - linear trend



Source: ASSESSMENT OF CLIMATE CHANGE IN THE KYRGYZ REPUBLIC
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Time series of anomalies of annual and seasonal precipitation amounts (in %) for the period 1976-2019, spatially averaged
over the territory of Kyrgyzstan. Anomalies are calculated relative to the base period 1981-2010. Red line - linear trend



Source: ASSESSMENT OF CLIMATE CHANGE IN THE KYRGYZ REPUBLIC
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Intra-annual distribution of
the linear trend coefficient
(rate of change) of monthly
precipitation (%/10 years)
calculated on the basis of
observations for the period
1976-2019. (months with
statistically significant value
are highlighted by bold frame)



Natural Disasters

Landslides Avalanches

Floods Mudflows
YR

About 20% of 1,000 high-altitude lakes in the country have the breakthrough threat

eThere are 30,000 avalanche areas, 772 of which are having the direct threat for the population and infrastructure
5,000 landslides that are having the threat to about 7.5% of population (509 settlements)

*Mudflows and floods occur within the basin of 3,103 rivers, and about 1,000 of settlements are exposed to dangers
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Emergency Situation Distribution
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Earthquake Approximately 70% -- hydrometeorological disasters
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The number of registered emergencies on the territory of the Kyrgyz Republic from 1990 to 2019.
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Steps of works according UNESCAP project “Development of decision-making tools for
geo-drought monitoring and early warning in Central Asia”

Forecasts for more than 30 days, sub-season, season
(lead time more than 30 days)

1) Software for extracting information from satellite about: land cover, soil moisture,

soil temperature. (10-20m)

2) Long-term forecast of precipitation and temperatures (lead time more than
30 days)

3-b) SPI drought model

Hydrological 3-a) Model of

model soil drought (based on perennial
precipitation archive)

$

Local rural users (farmers)




Used Data

Period

Information

Remote sensing data
MODIS Drought indices
(VHI,NDDI, VSWI, TCl,
VCI, NDWI)
Sentinel
Ground observed data
precipitation
Air temperature
Soil moisture
Average value of water
discharge in rivers
Statistic data
Yield productivity
GIS data and thematic maps
Country profile
Boundary

May-Sep(2000-2019)

May-Sep(2016-2018)
1927-2019
12 month
12 month
12 month

12 month

1991-2018

Modis-TERRA(1km)
2A(10m)
31-agromet stations
31-agromet stations
7-agromet stations
14-hydroposts,m3 /

second

for 7 oblast, ton/ha

shp




2016_sep_win(jul-sep)

2014 _sep_win(jul-sep)

idname
[ KGZ_adm1
2016_9_spi3

idname

[J KGZ_adm1 I Extreme drought (SPEI below -2.0)
2014_9_spi3 [T Severe drought (SPEI from -2.0 to -1.5)
[ Extreme drought (SPI below -2.0) " Moderate drought (SPEI from -1.5 to -1.0)
[T Severe drought (SPI from -2.0 to -1.5) Mild drought (SPEI From -1.0 to 0.0)
| Moderate drought (SPI from -1.5 to -1.0) Mildly wet (SPEI from 0.0 to 1.0)
— 0 75 150 km -
7\ Mild drought (SPI From -1.0 to 0.0) o S— 77 Moderately wet (SPEI from 1.0 to 1.5)
0 75 150 km | Mildly wet (SPI from 0.0 to 1.0) B Severely wet (SPEI from 1.5 to 2.0)
e — [ Moderately wet (SPI from 1.0 to 1.5) I Severely wet (SPEI from 1.5 to 2.0)

I Severely wet (SPI from 1.5 to 2.0)
I Severelv wet (SPI from 1.5 to 2.0)

spei3

idname

idname
KGZ_adm1
[J KGZ_adm1 I KGz_ :
2014_9_spei3 2016_9_spei3
_9_spei I Extreme drought (SPEI below -2.0)

[ Extreme drought (SPEI below -2.0)
[ Severe drought (SPEI from -2.0 to -1.5)

[ Severe drought (SPEI from -2.0 to -1.5)
" Moderate drought (SPEI from -1.5 to -1.0)

|| Moderate drought (SPEI from -1.5 to -1.0) B
[ 1 Mild drought (SPEI From -1.0 to 0.0) :f:gldm“?h; P(:IPEJOF'O:O':‘;OI'; 0.0)
0 75 150 km [ Mildly wet (SPEI from 0.0 to 1.0) 0 75 150 km ; ildly vzel ( - SPEn; fm 1 (; tz) s
| S| 4 A
—_—— [I Moderately wet (SPEI from 1.0 to 1.5) Moderately wet ( m )
B Severely wet (SPEI from 1.5 to 2.0)

I Severely wet (SPEI from 1.5 to 2.0)

I Severely wet (SPEI from 1.5 to 2.0) I Severely wet (SPEI from 1.5 to 2.0)

PED3

ind_2014_9ay
[J KGZ_adm1
2016_9_ped3

Il Extremely wet (PED<-4.0)

I Severely wet (PED from -4.0 to -3.0)
1] Moderately wet (PED from -3.0 to -2.0)
| Mildly wet (PED from -2.0 to -1.0)

| Normal wet( PED from -1.0 to 1.0)

| Mild drought (PED from 1.0 to 2.0)

| Moderate drought (PED from 2.0 to 3.0)
] Severe drought (PED from 3.0 to 4.0)
[ Extreme drought (PED below 4.0)

idname
[ KGZ_adm1
2014_9_ped3
I Extremely wet (PED<-4.0)
B Severely wet (PED from -4.0 to -3.0)
[ Moderately wet (PED from -3.0 to -2.0)
[~ Mildly wet (PED from -2.0 to -1.0)
0 75 150 km ["] Normal wet( PED from -1.0 to 1.0) 0 75 150 km
[ ] || Mild drought (PED from 1.0 to 2.0) [

|| Moderate drought (PED from 2.0 to 3.0)

[ Severe drought (PED from 3.0 to 4.0)

I Extreme drought (PED below 4.0)



2016_sep_win(may-sep)

2014 _sep_win(may-sep)

idname
[ kGZ_adm1

2016_9_spi5

I Extreme drought (SPI below -2.0)

[ Extreme drought (SPI below -2.0) [77] Severe drought (SPI from -2.0 to -1.5)
[7] Severe drought (SPI from -2.0 to -1.5) g ~| Moderate drought (SPI from -1.5 to -1.0)
~| Moderate drought (SPI from -1.5 to -1.0) | Mild drought (SPI From -1.0 to 0.0)

idname
[ KGZ_adm1
2014_9_spi5

[
L Mild drought (SPI From -1.0 to 0.0) 0 75 150 km | Mildly wet (SPI from 0.0 to 1.0)

0 75 150 km L1 Mildly wet (SPI from 0.0 to 1.0) e — [ Moderately wet (SPI from 1.0 to 1.5)

[ — [T Moderately wet (SPI from 1.0 to 1.5) B Severely wet (SPI from 1.5 to 2.0)
B Severely wet (SPI from 1.5 to 2.0) I Severely wet (SPI from 1.5 to 2.0)

I Severely wet (SPI from 1.5 to 2.0)

spei5

ind_2014_9ay
[ KGZ_adm1
2016_9_speiS
[ Extreme drought (SPEI below -2.0)
[7] Severe drought (SPEI from -2.0 to -1.5)
| Moderate drought (SPET from -1.5 to -1.0) J :m;tjgl::?s:éx(::;ff; ;'Z :; 10

Mild drought (SPEI From -1.0 to 0.0) = e

[ Mildly wet (SPEI from 0.0 to 1.0)

idname
[ KGZ_adm1

2014_9_spei5

[ Extreme drought (SPEI below -2.0)

{7 Severe drought (SPEI from -2.0 to -1.5)

7 150 k ~| Mildly wet (SPEI from 0.0 to 1.0) 0 75 150 km

o_eso ; [T Moderately wet (SPEI from 1.0 to 1.5) T — [E Moderately wet (SPEI from 1.0 to 1.5)
I Severely wet (SPEI from 1.5 to 2.0) B Severely wet (SPEI from 1.5 to 2.0)
I Severely wet (SPEI from 1.5 to 2.0) Il Severely wet (SPEI from 1.5 to 2.0)

PEDS

idname
[ KGZ_adm1

idname

2016_9_pedS

L] KGZ_adm1 B Extremely wet (PED<-4.0)
2014_9_ped5 I severely wet (PED from -4.0 to -3.0)
I Extremely wet (PED<-4.0) [ Moderately wet (PED from -3.0 to -2.0)
I Severely wet (PED from -4.0 to -3.0) [ Mildly wet (PED from -2.0 to -1.0)
1] Moderately wet (PED from -3.0 to -2.0) 0 75 150 km || Normal wet( PED from -1.0 to 1.0)
| Mildly wet (PED from -2.0 to -1.0) [ — || Mild drought (PED from 1.0 to 2.0)

0 75 150 km | Normal wet( PED from -1.0 to 1.0) || Moderate drought (PED from 2.0 to 3.0)

. [77] Severe drought (PED from 3.0 to 4.0)
[ S | Mild drought (PED from 1.0 to 2.0) B Extreme drought (PED below 4.0)

| Moderate drought (PED from 2.0 to 3.0)
7] Severe drought (PED from 3.0 to 4.0)
I Extreme drought (PED below 4.0)



Issyk-Ata 10cm [20cm |50cm [100cm Kyzyl-Suu 10em PRocm I50em 1100em
Talas toem boem ko 100c¢ 2014(may-sep) 20 20 54 107 2014(may-sep) 16 16 43| 100
cm 20cm poem jm 2016(may-sep) 28 /28 74 2016(may-sep) 39, 39 88 179

2014(may-sep) 34/ 34| 86| 174
2016(may-sep) | 109| 109| 205

idname

Guicha (] KGZ_adm1
2014_9_spi5
I Extreme drought (SPI below -2.0)
| Severe drought (SPI from -2.0 to -1.5)
At-Bashy 10cm [20cm [50cm [100cm| | | Moderate drought (SPI from -1.5 to -1.0)
2014(may-sep) 38 38 84| 156/ | | Mild drought (SPI From -1.0 to 0.0)
Isfana 2016(may-sep) 50 50| 113] 189 | Mildly wet (SPI from 0.0 to 1.0)

7] Moderately wet (SPI from 1.0 to 1.5)
Bl Severely wet (SPI from 1.5 to 2.0)

Nookat 10cm |20cm |50cm B Severely wet (SPI from 1.5 to 2.0)
2014(may-sep) 26 26| 49

2016(may-sep) 28 28] 56

2014(may-sep) 30 30 62 97
2016(may-sep) 45 45| 142| 178




Talas

10cm

20cm

50cm

100c
m

2014(may-sep)

34

174

2016(may-sep)

Isfana 10cm |20cm [50cm [100cm
2014(may-sep) 30 30 62 97
2016(may-sep) 45 45| 142| 178

Issyk-Ata

10cm

20cm

50cm

100cm

2014(may-sep)

20

20 54

107

2016(may-sep

74

Kochkor

At-Bashy

N

Kyzyl-Suu 10cm [20cm |50cm [100cm
2014(may-sep) 16 16 431 100
2016(may-sep) 39 39 88 179

At-Bashy 10cm [20cm |50cm [100cm
2014(may-sep) 38 38 84| 156
2016(may-sep) 50 50, 113| 189

Nookat 10cm [20cm |50cm

2014(may-sep) 26 26| 49

2016(may-sep) 28 28] 56

idname

[ KGZ_adm1

2014_9_spei5

I Extreme drought (SPEI below -2.0)

| Severe drought (SPEI from -2.0 to -1.5)
Moderate drought (SPEI from -1.5 to -1.0)
Mild drought (SPEI From -1.0 to 0.0)

| Mildly wet (SPEI from 0.0 to 1.0)

7] Moderately wet (SPEI from 1.0 to 1.5)
I Severely wet (SPEI from 1.5 to 2.0)
Bl Severely wet (SPEI from 1.5 to 2.0)



Tokmok_(may-sep)

—&—spi5
—i—spei5
—&—spi5
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Monthly average temperature, degre c
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75

150 km

PEDS

idname
[] KGZ_adm1
2014_9 _peds
Bl Extremely wet (PED<-4.0)
B Severely wet (PED from -4.0 to -3.0)
.| Moderately wet (PED from -3.0 to -2.0)

| Mildly wet (PED from -2.0 to -1.0)

' Normal wet( PED from -1.0 to 1.0)

Mild drought (PED from 1.0 to 2.0)

| Moderate drought (PED from 2.0 to 3.0)
"] Severe drought (PED from 3.0 to 4.0)
I Extreme drought (PED below 4.0)



win(2013 dec-2014 oct) win(2015 dec-2016 oct)

Kara-Balta

spill

ind_2014_Yay
[ KGZ_adm1
2016_10_spill
W Extreme drought (SPI below -2.0)

| Severe drought (SPI from -2.0 to -1.5)
Moderate drought (SPI from -1.5 to -1.0)

idname

[ KGZ_adm1

2014_10_spi1l

I Extreme drought (SPI below -2.0)

[ Severe drought (SPI from -2.0 to -1.5)
Moderate drought (SPI from -1.5 to -1.0)

Mild drought (SPI From -1.0 to 0.0) Mild drought (SPT From -1.0 to 0.0)
0 75 150 km Mildly wet (SPI from 0.0 to 1.0) 0 75 150 km L Mildly wet (SPI from 0.0 to 1.0)
[ Moderately wet (SPI from 1.0 to 1.5) [ ] [50 Moderately wet (SPI from 1.0 to 1.5)
| — Oto 1.

B Severely wet (SPI from 1.5 to 2.0)

I Severely wet (SPI from 1.5 to 2.0) B Severely wet (SPI from 1.5 to 2.0)

I Severely wet (SPI from 1.5 to 2.0)

Jany-Aryk

Kzyl-Suu

AtBashy

speill

idname
[J KGZ_adm1
2014_10_speill
I Extreme drought (SPEI below -2.0)
(1 Severe drought (SPEI from -2.0 to -1.5)
Moderate drought (SPEI from -1.5 to -1.0)
Mild drought (SPEI From -1.0 to 0.0)
0 75 150 km Mildly wet (SPEI from 0.0 to 1.0)
[ — [T Moderately wet (SPEI from 1.0 to 1.5)
W Severely wet (SPEI from 1.5 to 2.0)
I Severely wet (SPEI from 1.5 to 2.0)

ind_2014_%ay
[J KGZ_adm1
2016_10_spei1l
[ Extreme drought (SPEI below -2.0)
7] Severe drought (SPEI from -2.0 to -1.5)
Moderate drought (SPEI from -1.5 to -1.0)
Mild drought (SPEI From -1.0 to 0.0)
0 7% 50k Mildly wet (SPEI from 0.0 to 1.0)
o —] [0 Moderately wet (SPEI from 1.0 to 1.5)
I Severely wet (SPEI from 1.5 to 2.0)
I Severely wet (SPEI from 1.5 to 2.0)

PED11

idname

[ KGZ_adm1 ind_2014_9ay
2014_10_ped11 [ kGZ_adm1
I Extremely wet (PED<-4.0) 2016_10_ped11

B Severely wet (PED from -4.0 to -3.0)
[ Moderately wet (PED from -3.0 to -2.0)
Mildly wet (PED from -2.0 to -1.0)

I Extremely wet (PED<-4.0)
B Severely wet (PED from -4.0 to -3.0)
[ Moderately wet (PED from -3.0 to -2.0)

Mildly wet (PED from -2.0 to -1.0]
0 75 150 km Normal wet( PED from -1.0 to 1.0) R - 150 km N«I:rt:al we:( PED from -1 oc;o m))
[ S Mild drought (PED from 1.0 to 2.0) Mild drought (PED from 1.0 to 2.0)
[ —] Oto 2.
Moderate drought (PED from 2.0 to 3.0) Moderate drought (PED fram 2.0 to 3.0)
{1 Severe drought (PED from 3.0 to 4.0) [ Severe drought (PED from 3.0 to 4.0)

I Extreme drought (PED below 4.0) I Extreme drought (PED below 4.0}



2013 2015

HaseaHue peku (rugponoruuyeckme
Decembe Decembe

nocrbl)
River name (hydrological posts)

1 3,75 7,46
p.Kapakon (y.p.Kawka-Cyy)
2 42,51 56,85
p.Tap-kuw (Yanma)
1895 2985 ¢
3 p.Kapa-Kynxa (c.lNepsomai) h { _
—7 A A
4 p.Xasbl (c. Canam-Anuk) 12,97 17,39 2

5 p.AoHry3-Too (Kuwn. loHry3-Too) el gy
268 294

win(2013 dec-2014 oct)

win(2015 dec-2016 oct)

spill
>
speill
iy
N Extreme drought (SPET below -2.0)
° 7 150 km Mikdly wet (SPE1 from 0.0 to 1.0) T Severe drought (SPEL from -2.0 1 -1.5)
— 1 Moderately wet (SPET from 1.0 to 1.5) Moderate drought (SPET from -1.5 10 1.0
W Severely wet (SPEI from 1.5 to 2.0) Mid drought (SPEI From -1.0 10 0.0)
R Severely wet (SPEI from 1.5 to 2.0) o 7 150 fom Midly wet (SPE] from 0.0 to 1.0)
— T Moderately wet (SPEI from 1.0 to 1.5)
W Severcly wet (SPEI from 1.5 to 2.0)
R Severely wet (SPEI from 1.5 to 2.0)

— A crought (PED from 1.0 10 2.0)
Moderate drought (PED from 2.0t0 3.0)
55 Severe drought (PED from 3.0 0 4.0) 55 Sevee vt (€D #0m 3.0 10 40)

8 Extreme drough (PED below 4.0) B Eateme drout (0 bekow 4.9)

L Tl LT T0-E (K42 MaT0n

1 p.Kapakan {y.p.Kawka-Cyy)

2 p.Tap-kuw (Hanma)

3 p.Kapa-Kynwa (c.nepsomait)

4 p.Kasl (c. Canam-Anuk)

5 p.dorryz-Too (kuwn, JoHryz-Too)

6 p.3eprep {kuwn. Tocoi )

7 p.Anamegud (y.p. MyHiypuak)
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Correlation between yield productivity(Ton/ha) and Met_ Indices
All correlation coefficients are significant, tested by t-test with 5% significant level
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Correlation between yield productivity(Ton/ha) and REMsen__ Indices
All correlation coefficients are significant, tested by t-test with 5% significant level
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Correlation between soil moisture and Remsen_ Indices
All correlation coefficients are significant, tested by t-test with 5% significant level

Mountain stations

Valley stations

At-Bashy index Isfana index

Soil_D NDDI VSWI NDWI  |vhi tci VCi Soil_D NDDI VSWI NDWI vhi tci VCi

10cm -0,06| -0,06/ -0,08 0,20 0,20 0,13 10cm -0,03 -0,34 0,21 0,12 0,12 0,23
20cm -0,06| -0,06/ -0,08 0,20 0,20 0,13 20cm -0,03 -0,34 0,21 0,12 0,12 0,23
50cm -0,07] -0,12| -0,05 0,18 0,18 0,21 50cm -0,05 -0,34 0,20 0,14 0,14 0,32
100cm -0,05| -0,08/ -0,08 0,16 0,16 0,23 100cm -0,52 -0,64 0,66 0,49 0,49 0,49
Issyk-Ata index Talas index

Soil D NDDI VSWI NDWI |vhi tci VCi Soil D NDDI VSWI NDWI vhi tci VCi

10cm 0,19/ -0,23] -0,10 0,09 0,09 0,00 10cm -0,43 -0,43 0,45 0,41 0,42 0,31
20cm 0,19/ -0,23] -0,10 0,09 0,09 0,00 20cm -0,43 -0,43 0,45 0,41 0,42 0,31
50cm 0,19/ -0,27| -0,03 0,05 0,05 -0,02 50cm -0,39 -0,39 0,40 0,39 0,39 0,26
100cm 0,17/ -0,23 0,00 0,01 0,01 -0,04 100cm 0,01 -0,02 0,06 0,09 0,09 -0,21




CONCLUSION AND PROSPECT

* Meteorological indexes for drought estimation (SPEI, SPI, PED) were estimated,

spatial consistence in meteorological indexes, SPI is better than others for
Kyr%yzstan. Subsequently, more meteorological indices should be involved for
analysis (such as scPDSI, KBDI, etc.).

By draw out for meteorological indices map was made by interpretation of IDW
method, and which method is best for Kyrgyzstan meteorological spatial
characteristics should be investigated in the future.

Remote indexes for drought estimation (VHI, VCI, TCI, NDDI, NDWI, VSWI) were
estimated, and obtained that for all regions VHI, VCI and TCI shows the best
result. But there are still many other drought indices; the discussion noted the
need to conduct validation work and to evaluate these indices for the territory of
Kyrgyzstan.

Correlation between soil moisture and satellite-based drought indices (1KM)

differed in mountain and valley regions. Better results can be found in valley

areas. And scale issue, how many percentages of mountain and plat area. We
need use high-resolution data for validation further (Sentinel data).

After discussion with colleagues, RADI and Kyrgyzstan came to the same opinion
that KKrgyzstan need field campaign (collect data) to improve and calibrate
drought monitoring system.

From a team from Kyrgyzstan was proposed—adding into Droughtwatch
tools to calculate (met indices-data from meteorological stations)

Forecast tools to predict drought in different period (met indices-data from
models, format: NETCDF, GRIB2).



Forecast

®

®

The forecast of fields of meteorological values in the mountainous terrain is an
extremely difficult task;

Very limited amount of data from mountain meteorological stations;
Mesoscale features of the relief.
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What needs to be done to improve the forecast of natural disasters:

The purpose is to create a system of hydrodynamic modeling of atmospheric
processes on the area with complex relief to improve the forecast of natural
disasters over territory Kyrgyzstan.

Problems solved to achieve the goal: :

Adaptation and optimization of the atmospheric hydrodynamic model Weather Research and
Forecasting (WRF-ARW) on the area with complex relief and testing for Kyrgyzstan;

Adaptation and optimization of the methods for verification of the hydrodynamic forecast of
meteorological variables in the case of modeling in a territory with complex orography;

Assessment of sensitivity of the hydrodynamic modeling of atmospheric processes on the area
with complex orography to parametrization of physical processes;

Modification of the boundary layer parametrization scheme for use in a complex orography
area;

Development of a complex to assimilation of observational data from ground-based
meteorological stations into a hydrodynamic model for the territory of Kyrgyzstan and an
assessment of its effect;

Verification of the created system of hydrodynamic modeling of atmospheric processes on the
territory of Kyrgyzstan.
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Area and conditions of modeling

Forecast lead time: 24 hours, 48 hours, 102 hours

Spatial resolution: 10 km ,5 kM, 2.5 kM, 1.25 kM
Time steps: (60,30,15)cek
Vertical levels: 40
Projection: Lambert

© © ©® ©® ©®@ @®

initial and boundary conditions:
observation data from KyrgyzHydroMet and
The Global Forecast Model (GFS)

More than 4000 numerical exp.

Jloarora,rpajn
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What needs to be done to improve the forecast of natural disasters:

Nesting tech.
Numerical
integration

Kyrgyzhydromet scheme for
: complex
Data assim. orography
block

*Micro Physics (5)
sLongwave radiation(2)
*Shortwave radiation(2)

*Surface Layer(2)

sLand Surface(2)
*Planetary Boundary Layer(6)
*Cumulus (6)
*Grawity w(1)




Evaluation of the effects of combinations of parameterizations of physical

processes to the forecast of meteorological variables

Micro Physics

- _ ]
— ShotLonguave adiaton | cumulus

To verify the forecasts, we used the results of observations at 31 stations in Kyrgyzstan.

Number of numerical experiments: 2000.

2 Parametrization schemes
(®)

2| Mioopnis | Lo | Swae | vt | 90| gy | cumi
S Layer
1 WSM6 RRTM Dudhia MM5 Noah YSU Her
2 Lin RRTM Dudhia MO Noah MYJ KF
3 Lin RRTM Dudhia QNSE Noah QNSE KF
4 Lin RRTMG RRTMG MO Noah MYJ KF
5 Lin RRTMG RRTMG MO Noah BL GR
6 WSM6 RRTM Dudhia MO Noah MYJ GR
7 WSM6 RRTMG RRTMG MO Noah BL KF
8 WSM6 RRTMG RRTMG QNSE Noah QNSE KF




Verification package

0 = \/%Zﬁvﬂ(Xn — X¢)*,

N (Xp—Xp) (Xn—Xn)

r =
JE (0=XB) ZIL, Ctn—Ty?
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Forecast verification

Evaluation with the best combination of
parametrization schemes

N Estimation variable Ne Estimation variable !
sta_ti Rkl sp§ed Lu, | Wind sp_eed V.| Temperature °c Cras-| Windspeed 1U.| Windspeed V- | Temperature " e
e M/ _ M/c _ IHH M/ M/C
O G £ T o i E T O d £ 1 ) 8 ¥ £ T 8 G £ T o G £ T
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Height correction in verification package

ATh=AH Ay, (1)

where
AH — height difference;
Ay —temperature lapse rate.

Wil g
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Estimates of the quality of temperature modeling taking into account the correction for

altitude difference (ATh) of the model grid and the meteorological station

Station T+ATh, °C T.C Model Station  AH
Ne 5 1o . 5 | o . height, height, .~
m m
1 3757 03 | 3858 1.0 1083 1050 | 33
2 16 | 21| 04 | 17|22 -00 1351 1300 | 51
3 30 60| 1,2 |40 60| 14 840 864 24
4 34 56| 04 | 35|57 05 1004 1014 | -10
5 3451 07 | 35|51 03 1362 1335 | 37
6 361 17 |52 63 21 1034 1548 | 386
7 43 | 51| 41 | 50|58 50| 3243 3155 | 88
3 50 | 8.6 | 46 | 50| 73| 04 1102 763 | 420
9 39 (61 | 107 ] 39 ] 60 | 105 1005 084 21
0 | 30 | 40 ] 00 | 361501 1. 3 ")
11 |33 |41] 21020802 2735 2011 | 724
12 | 3.0 |40 ] 04 | 314107 2042 1037 | 105
13 | 31|51 15 |34 (51 13 618 600 18
14 | 32|56 2.2 | 35|56 2.1 781 771 10
15 | 26| 46| 1.0 | 27| 46| 06 805 756 49
16 | 25|34 06 | 25|34 06 816 817 1
17 | 38|57 21 | 30|55 16 1079 1031 | 48
18 | 25|34 08 | 25|34 -08 1743 1581 | 162
= R - 7 = ) "q'fl =
20 |25|58| 482638 -10] 2070 3277 | -208
51 |30 | 40| 0.2 | 3.1 | 40| 01| 2078 7088 | -10
2 | 35|54 21 [ 35|51 08 000 857 133
23 32|48 02 |32]48] 00 1243 1217 | 26
24 |34 | 41| -1.7 |29 [38] 03 1636 1843 | 207
25 |28 3.7 1.2 | 31|30 -18 1670 1616 | 54
26 | 3.2 |53 28| 37|40 20 1760 1843 | -83
27 | 4.0 | 52| 2.8 | 41|52 | 20 1750 1740 | 10
58 130 137 17 [ 8086 80 3435 3788 | 637
20 |27 |35 -26 | 30|40 21| 3250 3614 | -355
30 | 5.0 | 84| 326103 50| 2221 2040 | 181
31 |49 |62 | 0.2 | 52|63 | -13 1675 1563 | 112 33




Event observed
Event
forecast :
Yes No Marginal total
Yes a b a+b
No ¢ d c+d
Marginal total a+tec b+d atb+c+d=n

Heidke Skill Scores (HSS) :

HSS =

2(ad — bc)

[(a+)(c+d)+(a+b)(b+d)]

Source

http://www.eumetrain.org/data/4/451/english/msg/ver_categ_forec/uos3/uos3__

kol.htm

(2)

Forecast verification
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Parametrization of the planetary boundary layer

Scheme Bougeault-Lacarrere

l1dpw'e ——0U 6V+ E
> oz uWaZ vwaZ ,BW £, (3)
Second order moments
W' =~k 3 (4)
- av
wv = _Hm g (5)
P aE
we'=—K,—. (6)
a6
e _Kh (_ - ]’/c-:f)!
wo = oz (7)
_KhE’

Vertical diﬁgsion coefficients:

Km@f ez, Ky=or Ky , Ko=0p Ky, )
e=Cee? /¢, ©

L o) -

Z

6(z)dz = e (z) (10a)

B(6(z") — B(2))dz" = e (2) (100)

z—lgown
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Mean values of a) quadratic, b) systematic errors in temperature modeling at stations, depending on

the mixing path with different empirical coefficients Ck = (0.2; 0.4; 0.6; 0.8) at Ce = 0.7

a) -=-0,2 04 +~06 —08

1 2 3 4 5 6 7 8 9101112131415 1617 18 1920 21 22 23 24 25 26 27 28 29 30 31

Station number

0) . -=0,2 0,4 +06 —0,8

9 30 B1

Station number 36



Location of meteorological stations

BEE BEE 70E 72E 74E 7EE FEE B0E aoE
0J1IT0Ta, rpaj
| | | |
g4 09 1.4 _1.9 24 29 34 39 44 49 54

Elevation height, m

fEy266) = fy,26C) ()
G -G |

Af(x,y,2,t) =
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The sensitivity, depending on the path of mixing with the empirical coefficients Ck
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The daily course of the average relative error of the temperature forecast for

Ck = (0.2, 0.4, 0.6, 0.8) with Ce = 0.7

N
OTH = — X — X9l ) 100%
= — _ U,
N X

i=1
Xn - forecast;
X@ — observation
OTH - relative forecast error

16
w2 c—(),4 0,6 ——0,8

T
e
-
i
© 3
x Q
T 2
(@) 5 ®©
> 58
*The daily course of the . S s
- Q o
relative error of temperature, O g2 -*- 4
=
averaged over 30 -~ 5
simulations,The analysis of 2
the daily course of the error 0
shows that during the period 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

from 06:00 to 12:00 UTC the
greatest _error__is__observed.
which corresponds to the
maximum _development of Time, hours
mountain-valley circulation.
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The sensitivity, depending on the path of mixing with the empirical coefficients Ck
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Vertical levels, km

Vertical levels, km

Vertical cross-section
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ApanTanus 1 ONTUMHU3AINSA aTMOC(PEPHON THAPOIMHAMUYECKON MOICIIH

v’ Mukpodmamka obnakoe — cxema WSM6 (Hong et al., 2006);

v ANNHHOBOSHOBAs M KOPOTKOBOSTHOBas pagnaums — cxema RRTMG (lacono et al., 2008);
v'npouecchl Ha NoBepxXHOCTM 1 B noyBe — cxema Noah (Yang et al., 2011);

v’ MorpaHuyHbIN cnon — cxema byxxo-Jlakape (Bougeault et al.,1989);

v’ KOHBEKTMBHbIE npouecchl — cxema KanHa-®putwa (Kain, 2004).

—(Cx=0,4; Ce=0,7)

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
Bpems, yac
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Adaptation and optimization of the atmospheric hydrodynamic model

Temperature, o(
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Estimation of the effect of assimilation of standard measurements on the hydrodynamic

weather forecast in a region with complex terrain

3D-Var

J(X>=§<x ~Xg)'B(X —xs)%(v CHOORAY —H(X)  (12)

Where X - is the vector of atmospheric state, XB - is the background state,
Y - is the observation, H - is the observation operator,
B - is the covariations matrix of model error, P - is the observation error matrix

Assimilated:

» surface atmospheric pressure;

« air temperature at a height of 2 m;

« zonal and meridional components of wind speed at a height of 10 m;
» dew point temperature;

obtained from observations at 31 meteorological stations that are not part of international exchange.
While only 7 meteorological stations in the region are participating in international exchanges;

44



The results of comparison of modeling with assimilation and without assimilation

separately for stations located in valleys (No. 13, 14) and in mountains (No. 22, 30)

Mean systematic error
Estimated No Average Mean absolute error (8) RMSE (o) ©)
variables stations | value No With No With No With
assimilation | assimilation | assimilation | assimilation assimilation assimilation
13 18,8 1,7 1,1 2,2 2,0 0,6 0,4
14 18,5 2,2 1,5 2,7 2,0 1,6 -0,1
Temperature, C
22 17,3 2,4 2,3 3,1 3,0 1,3 1,1
30 12,9 2,4 2,3 3,3 3,2 -1,8 -1,1
13 944,83 2,90 1,31 1,24 1,23 1,18 -1,00
14 924,55 2,18 1,24 2,33 1,48 2,10 0,96
Pressure, hPa
22 915,72 2,09 1,32 2,31 1,66 1,97 0,80
30 798,81 1,90 1,21 1,18 1,15 -1,19 -0,89
13 2,4 2,3 2,3 2,8 2,7 1,7 1,6
Wind speed, 14 1,6 1,7 17 2,1 2,1 13 11
m/sec 22 0,8 4.0 4.0 6,5 6,5 2,9 29
30 2,1 2,2 2,2 4.7 4.6 0,9 1,2
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Conclusions and recommendations

1. A methodology for weather forecasting over a territory with complex orography was developed. The
special importance of parametrization of convection, microphysics of clouds, and PBL is shown. The
developed system of hydrodynamic modeling, implemented in the operational work of the
Kyrgyzhydromet, allowed to increase the quality of forecasts, which improved the forecast of natural
disasters.

2. A modified PBL parameterization scheme was proposed, implemented and tested. An improvement in the
quality of the forecast of meteorological values is shown when using a modified parameterization scheme
for PBL, especially in an area where the relief is exposed to the influence of large-scale flows.

3. A package was developed and implemented in the form of a software module for the verification and
assimilation of the hydrodynamic forecast of meteorological variables over area with complex orography.

4. Implemented system of hydrodynamic modeling of atmospheric processes in the Kyrgyzhydromet
increased the accuracy of weather forecasts from 89% to 94% for 1 days, from 87% to 92% for 3 days.
And it also made possible to give more accurate forecasts in difficult mountainous regions.

5. In the future Kyrgyzhydromet planning to add COSMO(new ICON-meso(sless)), WRF-hydro and WRF-
Climate models in to the created system to improve the forecast of natural disasters and to better
planning adaptation activities  ( climate change adaptation activities).

6. Do verification works to obtain accuracy of seasonal and sub-seasonal forecast of Chines model and
doing physical downscaling with Chines model
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Cnacubo 3a BHUMaHMeE!
KOHYA BypraHbi3ra YoH paxmar!
Thank you for your Attention!



