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snowpack on sub-seasonal to seasonal prediction (LS4P) Phase I Summary

Yongkang Xue, Tandong Yao, Aaron Boone, Ismaila Diallo and LS4P-I Team

Project Goals: This project intends to address two questions:

[] What is the impact of the initialization of large-scale land surface temperature/subsurface
temperature (LST/SUBT) and snowpack, including the aerosol in snow, in climate models on the
828 prediction over different regions?

[] What is the relative role and uncertainties in these land processes versus in SST in S28

prediction?

Tibetan Plateau LST/SUBT Effect is the focus in the first phase because of its
high elevation and significant areal coverage, plus the comprehensive field
measurements by the Third Pole Environment and other projects in past
decades. The June 2003 is selected as the first case.

21 (18) ESM Groups; 9 RCM Groups; 7 Data Groups; 1 Data Base



Three GEWEX/GASS/LS4P-TPEMIP Workshops play crucial
) | role in the development of LS4P project
bl g 1). Kick-off workshop in 2018 AGU: Washington, D.C.,
A December 8-9, 2018
2). Second Workshop in Nanjing University, Nanjing, July 7-9,
2019
3). 3rd Workshop in 2019 AGU, San Francisco, 13 Dec. , 2019
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l. Observational Evidence of TPl and RMI LST/SUBT Memory and their interaction
Monthly 2-m Temperature difference between Warm and Cold Years based on May anomaly
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Years are selected based on the May anomalies using a threshold of one-half standard deviation during the period 1981-2010.



Observed difference of surface & subsurface temperature and snow
between year with warmest and coldest springs
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Observed May TPI and RMI time series from 1981-2015
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Il Observed relationship between TP LST/SUBT and Global Precipitation anomalies
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Observed Wave Train due to TP May T2m anomaly
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Lag Relationship between May T2m (EOF1) and June Precipitation
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Fig. S2. Lag Relationship between May T2m and June Precipitation. (A) May T2m EOF1 (°C); (B) The
regression of the observed June precipitation (mm/day) from 1980-2011 onto PC1 of TP T2m EOF.



Lag Relationship between May T2m (EOF1) and June Precipitation

Fig. S2. Lag Relationship between May T2m and June Precipitation. (A) May T2m EOF1 (°C); (B) The
regression of the observed June precipitation (mm/day) from 1980-2011 onto PC1 of TP T2m EOF.



LS4P-| Experiments

Table 1. Summary of different tasks under the LS4P-I framework.

Name  LST/SUBT initialization  Period Description
(imposed mask)

Task 1  No Two months (late April-30 June 2003)  Task 1 is the default run from the Earth system model
(ESM) with starting date around late April 2003.

Task 2 No 1981-2010 (climatology) Task 2 1s the ESM climatology. Only major climate re-
search centers provide this data set.

Task 3 Yes Two months (late April-30 June 2003)  Task 3 is the same as Task I, but the mask 1s imposed
over the Tibetan Plateau at the first time step of the ESM
integration.

Task 4 No Two months (late April-June 2003) Task 4 1s the same as Task 1. but here the 2003 SST 1s

replaced by the climatology (1981-2010) SST.




LS4P-1 Experiments

Table 1. Summary of different tasks under the LS4P-I framework.

Name

LST/SUBT initialization
(imposed mask)

Period

Description

Task 1: Check whether the ESM has large bias on May TP T2m and June precipitation

Task 2 No 1981-2010 (climatology) Task 2 1s the ESM climatology. Only major climate re-
search centers provide this data set.

Task 3 Yes Two months (late April-30 June 2003)  Task 3 is the same as Task I, but the mask 1s imposed
over the Tibetan Plateau at the first time step of the ESM
integration.

Task 4 No Two months (late April-June 2003)

Task 4 1s the same as Task 1. but here the 2003 SST 1s
replaced by the climatology (1981-2010) SST.




Observed June 2003 Precipitation anomaly (mm day') Ensemble Mean June 2003 Precipitation Bias (mm day-!)
T o = e T . A ——— e = e e _.__..__..__,____ o — '#" ''''' {

= ; - - — T 3 - . :—‘L :—]}%_:? oy 2 g
60N < n e - = 60N =

214 ]
30N — 30N
of ooF
30SH " s0sf [
E , W E £
608_"'"""I""""I"""""'I""""'I""""'I """ ."'_ 608_"'"""I""""I"""""'I"""
180  120W 60W| | 0 | 60E 120E 180 180 120W 60W| | 0 |
~—aglN ] [ - 4 -l
6 4 -3 -2 -1 -05-02 02 05 1 2 3 4 6 6 4 -3 -2 -1 -05-02 02 05 1 2 3 4 6
Obs. May 2003 T2m Anomaly (°C) LS4P Ensemble mean May 2003 T2m Bias (°C)
40N 40N
30N 30N
i a

] T T ! |
70E 80E 90E 100E 70E 80E . 9<|)E 100E
-4 25 15 -1 -05 -01 01 05 1 1.5 25 4

| |
4 25 15 1 05 -01 01 05 1 15 25 4



LS4P-| Experiments

Table 1. Summary of different tasks under the LS4P-I framework.

Name  LST/SUBT initialization  Period Description
(imposed mask)

Task 1  No Two months (late April-30 June 2003)  Task 1 is the default run from the Earth system model
(ESM) with starting date around late April 2003.

Task 2: Check whether the ESM biases in 2003 also exist in model climatology

Task 3 Yes Two months (late April-30 June 2003)  Task 3 is the same as Task I, but the mask 1s imposed
over the Tibetan Plateau at the first time step of the ESM
integration.

Task 4 No Two months (late April-June 2003) Task 4 1s the same as Task 1. but here the 2003 SST 1s

replaced by the climatology (1981-2010) SST.




LS4P-| Experiments

Table 1. Summary of different tasks under the LS4P-I framework.

Name LST/SUBT initialization  Period
(imposed mask)

Description

Task 1  No Two months (late April-30 June 2003)

Task 1 is the default run from the Earth system model
(ESM) with starting date around late April 2003.

Task2 No 1981-2010 (climatology)

Task 2 1s the ESM climatology. Only major climate re-
search centers provide this data set.

Task 3: Test TP LST/SUBT effect

Task4 No Two months (late April-June 2003)

Task 4 1s the same as Task 1. but here the 2003 SST 1s
replaced by the climatology (1981-2010) SST.




Development of Initialization Methodology
Principles Consideration: (1) Model bias; (2) Observed Anomalies; (3) Tuning parameter
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LS4P-| Experiments

Table 1. Summary of different tasks under the LS4P-I framework.

Name LST/SUBT initialization
(imposed mask)

Period

Description

Two months (late April-30 June 2003)

Task 1 is the default run from the Earth system model
(ESM) with starting date around late April 2003.

1981-2010 (climatology)

Task 2 1s the ESM climatology. Only major climate re-
search centers provide this data set.

Task I No
Task 2 No
Task 3 Yes

Two months (late April-30 June 2003)

Task 3 is the same as Task 1, but the mask is imposed
over the Tibetan Plateau at the first time step of the ESM
integration.

Task 4: Test SST effects




Observed June 2003 Precipitation Anomaly
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Comparison of June 2003 Precipitation Anomaly due to LST/SUBT and SST Effect(mm/day)
LST/SUBT Effect

TP LST/SUBT hot
spots

Global SST hot spots
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May 2003 sensible heat flux difference (W/m2) due TP LST/SUBT Effect
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Response of 200 hPa zonal winds
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L.S4P regional climate model (RCM) intercomparison over the Tibetan Plateau
J. Tang et al.

T2m Simulation biases (May-June-July-August 1991-2015)
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» All RCMs can reasonably produce the distribution of T2m with high correlation,
but large RMSEs exist especially in WRF simulations.

> RegCM4 tends to simulate warm biases, while WRF has cold biases.
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Challenging Issus
1). Initialization
May T2m Anomaly Ensemble mean May 1% T2m Difference  T2m Time series
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Possible causes for the short memory:
(1)Land model parameterizations
(2)Reanalyses data for initialization



2. Hot Spots Issues
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3. Other high mountain regions




4. LST/SUBT Anomaly Causes
The relationship with snow,
including aerosol in snow, arctic
circulation in winter, SUBT
memory, etc.

5. Possible mechanisms

T-2m: April-May
Snow: Feb-April
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