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Abstract

The Intergovernmental Panel on Climate Change (IPCC) releases assessment
reports and climate change projections every five to seven years. In the latest
[PCC sixth assessment report (AR6), the experiment projections of earth system
models are more reliable due to the improvements in model capabilities (e.g.,
spatial resolution, physical and chemical mechanisms). In order to evaluate the
possible impact of climate change on rainfall and runoff of major basins in Taiwan,
a spatial downscaled product of IPCC AR6 climate change projection from the
Taiwan Climate Change Projcetion Information and Adaptation Knowledge
Platform (TCCIP) was adopted. The important findings of this study are given as

follows:

1. Scenario rainfall statistics for major basins of Taiwan

Three scenario rainfall statistics including the average total amount
during wet seasons, the average total amount during dry seasons, and the
maximum consecutive dry days (the days with rainfall below 0.1 mm) were
investigated for the medium-term future under two SSPs (i.e., SSP2-4.5 and
SSP5-8.5) scenarios and 2-deg warming level scenario as well. Overall, the
results show that the wet seasons will receive more rainfall (wetter), the dry
seasons will receive less rainfall (drier) and the annual maximum dry spell

will prolong under the impact of climate change.

2. Scenario runoff statistics for major basins of Taiwan
Three scenario runoff statistics including the average total amount
during wet seasons, the average total amount during dry seasons, and the low
flow days (the days where flow is below Q85) were investigated for the
medium-term future under two SSPs (i.e., SSP2-4.5 and SSP5-8.5) scenarios
and 2-deg warming level scenario as well. Overall, the impact of climate

change on scenario runoff is same as scenario rainfall. The results show that
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the wet seasons will yield more runoft (wetter), the dry seasons will yield less
runoff (drier) and the annual low flow days will get longer under the impact

of climate change.

3. Low-flow conditions of scenario runoff

Two low-flow conditions of scenario runoff including the average
annual duration and average annual amount of low-flow events (where the
low-flow conditions are defined as flow is below baseline Q85) were
investigated for the medium-term future under two SSPs (i.e., SSP2-4.5 and
SSP5-8.5) scenarios and 2-deg warming level scenario as well. Overall, the
results show that the average annual duration of low-flow events will get
longer and the average annual amount of low-flow events will enlarge under

the impact of climate change.

4. Summary of scenario runoff statistics

In general, for the short to medium term future under two SSPs (i.e.,
SSP2-4.5 and SSP5-8.5) scenarios and 2-deg warming level scenario as well,
the average total amount during wet seasons will increase (wetter) but the
average total amount during dry seasons will decrease (drier). However, for
the low-flow conditions (duration and amount below baseline Q85), a
consistent increase in both duration and amount (i.e., drier in terms of
duration and amount) is found among all five climate change scenarios. The
results suggest that the variation of scenario runoff will get higher which
might cause more difficulties in water resources management and operation.

Keywords: IPCC ARG, scenario runoff, low-flow conditions.
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December 28, 2021 Intensity and Impacts

None

DO (Abnormally Dry)

D1 (Moderate Drought)

D2 (Severe Drought)
- D3 (Extreme Drought)
- D4 (Exceptional Drought)

; No Data
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i « SEHRRZIREISIEY). HEERFE
Do ( Abn%r?nﬁaiiﬁg ay | OESKEE
« WEB{EE R SIEER
« REFMANE
b1 FERS o SEFR. KEESAKHKGIBEIE, IE7ESRENASSEERRK
(Moderate drought) E1=8
« WEBITEERK
« TTHES AR PRI B Rk
n2 (SEfoff:; hy | KRR
& « SEHIBITIRK
- 1ol £ « AEEEY RN EIS %k
(Extreme drought) o BRIk EAPRIK EEERE A
DA ERES « 2 BHEREANEY. HEBX
(Exceptional drought) |« ZKEE. ZMEIKHEIK, ERKBERINE

4 %k : US Drought Monitor

U' Sl D r o ug h t M on i tor (Relea;jelt: %ujsg;mz.lgl.zg, 2021)

Valid 8 a.m. EDT

¥ Drought Impact Types:
r~ Delineates dominant impacts

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
©6 months (e.g. hydrology, ecology)

Intensity:

[] None

[] DO Abnormally Dry

[] D1 Moderate Drought
[ D2 Severe Drought
Author: - B D3 Extreme Drought
Adam Hartman I D4 Exceptional Drought
NOAA/NWS/NCEP/CPC

The Drought Monitor focuses on broad-scale conditions.

@ O Local conditions may vary. For more information on the

unl.edu/About.aspx
4

v, . Q Drought Monitor, go to https:
| o : - | UsDA R/
T \\//D =@ e S

droughtmonitor.unl.edu

F L % & : US Drought Monitor
W23 2021 # 7% 13p FREeacs Rin
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IPCC ** 2007 &% % AR4 > ¥ L0 ¥ § WMEFHR
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Bai&d IPCC B FwiFi (IPCC Special Report on
Emissions Scenarios, SRES) i F_o ﬁ RN S AR S
AT 1 ENEHEB2ZFRAER RN R F R

£
13 %éc'r%b?: DR A KT a R “J‘*? B AL AR R
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2 ~ IPCC AR5 Fr#

IPCC ** 2014 & = # ARS > H &m0 % £k & BT
(Representative Concentration Pathways, RCP) & #7 T_& = 2 & &k
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RREE T 0% 2 f5 e 4 A 2100 £ AT 1750 £ €
40 2.6 T ° 4% % 5 (RCP2.6 ~ RCP4.5 ~ RCP6.0 12 2 RCPS.5)
2 AP G - e
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Canada’s Changing Climate Report; Government of Canada, Ottawa, ON. 444 p.
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ACCESS1-0 192x145 13
CSIRO-BOM
ACCESS1-3 192x145 30
bee-csml-1 BCC 128x64 22
bee-csml-1m 320x160 09
BNU-ESM BNU 128%x64 08
CanESM2 CCCMA 128x64 01
CCSM4 NCAR 288x192 18
CESM1-BGC 288x192 27
CESM1-CAM5 NCAR 288x192 19
CMCC-CESM 96x48 26
CMCC-CM CMCC 480x240 03
CNRM-CM5 CNRM-CERFACS 256x128 15
CSIRO-Mk3-6-0 CSIRO-QCCCE 192x96 23
EC-EARTH ICHEC 320x160 29
FGOALS-g2 LASG-CESS 128x60 33
GFDL-CM3 144x90 24
GFDL-ESM2G NOAA-GFDL 144x90 11
GFDL-ESM2M 144x90 20
HadGEM2-AO 192x145 10
HadGEM2-CC MOHC 192x145 12
HadGEM2 ES 192x145 06
inmcm4 INM 180x120 28
IPSL-CM5A-LR 96x96 16
IPSL-CM5A-MR IPSL 144x143 17
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MRI-CGCM3 320x160 25
MRI-ESM 1 MRI 320x160 21
NorESM1-M NCC 144x96 07
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247 H @f'?fi WL IEE G s 09533 1%L THEE G S 946
mm/day " % jp B BT HE G 5 0.81 -

45 ORiPE 100K E R824 HBV 5 %8k

et FC B | LP/FC | PERC | UZL | Ko K K> Ce

W BRI (mm) | () () | mm) | mm) | day") | @day) | @ay) | ()

CPO1 ¥ 126.421 8.346 0.325 1.923 | 46.525 0.334 0.302 0.065 0.111
CP02 1 EH0) 270.170 | 7.543 0.761 1.675 | 52.425 0.435 0.312 0.095 0.000
CPO3 i 147.085 3.732 0.402 11.184 | 50.352 | 0.458 0.251 0.078 0.219
CP04 FELRE 234.861 6.606 0.447 15.019 | 69.676 | 0.436 0.226 0.154 0.256
CPO5 E 322.965 3418 0.731 9914 | 54.635 0.356 0.246 0.095 0.114
CP06 Z 3% 226.169 4.764 0.454 10.252 | 82.762 0.298 0.202 0.042 0.167
CPO7 FMoRE 225.138 5.521 0.748 6.395 60.443 0.312 0.121 0.025 0.059
CPO8 E2 211.806 | 6.572 0.426 9.833 | 63.551 0.230 0.130 0.046 0.000
CP09 i & 225.253 5.635 0.564 12.054 | 193.995 0.167 0.095 0.042 0.188
CP10 | 22 (5 41# #)| 207.094 8.654 0413 14.352 | 34.102 0.183 0.086 0.062 0.375
CP11 % 5 143.018 8.282 0.219 7.627 | 57.492 0.119 0.130 0.025 0.270
CP12 [ ¥ 294.985 9.167 0.161 3.553 | 32.410 | 0.183 0.093 0.126 0.000
CP13 Jgecs 78.182 6.477 0.171 8.028 19.246 0.235 0.026 0.087 0.000

CP15 ki 302.026 | 6.043 0.661 8.816 | 106.585 | 0.327 0.173 0.032 0.357

CP16 3§ (3) 203.331 | 3.211 0.487 16.693 | 57.359 | 0.174 0.068 0.053 0.105

CP17| 2L ikdg=# |184.217 | 7.039 0.729 11.907 | 85.296 | 0.125 0.099 0.039 0.190

CP18 Tk 79.265 | 5.446 0.450 9.947 1106.080 | 0.021 0.077 0.030 0.100

CP19| md % k& |148.898 | 9.999 0.823 20.000 | 199.999 | 0.286 0.487 0.500 0.616

CP20 A KR 29.825 | 1.636 0.814 8.528 | 75.054 | 0.115 0.099 0.022 1.998

CP21 FAr-k R 247.061 | 7.703 0.573 11.993 | 50.459 | 0.268 0.138 0.096 0.000

CP22 | feEgd=+% |399.947 | 5302 0.599 6.678 | 112.437 | 0.469 0.164 0.038 0.526

CP23 3 iy 140.407 | 7.226 0.700 6.897 |1 120.375 | 0.227 0.080 0.011 0.479

CP24 rFY 215389 | 3.203 0.782 6.046 | 104.651 | 0.165 0.086 0.020 0.187

CP25 ik 1] 188.777 | 3.318 0.547 8.926 | 27.226 | 0.209 0.040 0.050 0.000
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FAQ1.2:How close are we to 1.5°C?

Human-induced warming reached approximately 1°C above
pre-industrial levels in 2017
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	結論與建議
	一、結論
	(一)臺灣10條主要水系於不同AR6氣候變遷情境(未來中期SSP2-4.5、未來中期SSP5-8.5以及固定增溫2℃條件)下雨量分析結果顯示：(1)就空間上增減情況而言，未來豐水期雨量相較於基期雨量資料在空間上有一致的增加情況、未來枯水期雨量在空間上則大多有減少情況以及未來連續不降雨日數在空間上有一致的增加情況；(2)就臺灣整體平均增減情況而言，未來豐水期雨量增減情況約介於+1.9%至+6.4%間、未來枯水期雨量增減情況約介於-3.3%至-1.2%、未來連續不降雨日數增減情況則約介於+11.7%至...
	(二)就北、中、南區情境雨量分析結果而言，AR6與AR5情境雨量在豐枯變化趨勢上具有一致性，惟兩者於分析過程採用不同氣候變遷資料、期程設定以及模式篩選機制，故造成其增減幅度略有不同。其中，AR6情境下豐水期雨量增減介於+0.7%至+9.0%之間，而枯水期雨量增減則介於-4.1%至-0.8%之間；AR5情境下豐水期雨量增減介於+3.0%至+9.0%之間，而枯水期雨量增減則介於-12.0%至-6.0%之間。
	(三)臺灣10條主要水系於不同AR6氣候變遷情境(未來中期SSP2-4.5、未來中期SSP5-8.5以及固定增溫2℃條件)下流量分析結果顯示：(1)就空間上增減情況而言，未來豐水期流量總體積相較於基期流量資料在空間上大多有增加情況、未來枯水期流量總體積在空間上則大多有減少情況(未來中期SSP2-4.5情境下部分水系呈現增加情況)以及未來低流量日數在空間上有一致的增加情況；(2)就臺灣整體平均增減情況而言，未來豐水期流量總體積增減情況約介於+0.9%至+5.7%間、未來枯水期流量總體積增減情況約介於...
	(四)無論於何種氣候變遷情境下，臺灣10條主要水系之可利用水量(各月份流量Q85)大多呈現減少趨勢，僅少數豐水期月份例外。此外，進一步比對情境流量分析與可利用水量分析結果發現：在氣候變遷影響下，豐枯水期流量總體積具有豐愈豐、枯愈枯之特性，而可利用水量(各月份流量Q85)卻大多呈現減少趨勢，僅少數豐水期月份例外。其顯示氣候變遷將導致豐水期流量變化更加劇烈，使得水資源經營管理更加不易。
	(五)無論於何種氣候變遷情境下，臺灣10條主要水系之低流量特性在時間與水量上有一致的增加趨勢(更乾)。就未達基期Q85之時間而言，衝擊較大之水系為曾文溪與高屏溪，其增加幅度約介於+36.8%至+88.3%間；就未達基期Q85之水量而言，衝擊最大之水系為大甲溪，其增加幅度約介於+77.8%至+107.9%間，而衝擊次大之水系則為淡水河、大安溪以及濁水溪，其增加幅度約介於+67.4%至+98.7%間。
	(六)因應氣候變遷可能造成之潛在威脅，建議後續可以針對氣候變遷影響較大之區域(例如：部分情境下中南部出現豐枯皆乾之情況)進行水資源供需影響分析，以瞭解AR6氣候變遷情境對於水資源供應造成之衝擊，並據以檢視是否具有足夠調適能量。例如：高屏溪水系未來未達基期Q85之水量可能進一步增加33.7%至47.9%間，建議因應方式如下：(1)可參考未達Q85之時間與水量配合適合規劃工具(例如：乾旱頻率分析)，進行替代水源規劃；(2)提供水權管理單位氣候變遷下水文衝擊資料(例如：流量Q85減少)作為參考。
	(七)受到氣候變遷影響，未來季節降雨特性整體而言維持豐愈豐、枯愈枯之特性，以未來中期SSP2-4.5情境下石門水庫季節雨量為例，其梅雨季(5至6月)、颱風季(7至9月)以及秋季(10至11月)雨量有增加情況，而春季(2至4月)與冬季(12月至隔年1月)雨量則有減少情況。

	二、建議
	(一)藉由TCCIP高解析度之降尺度產品得以探討氣候變遷對於臺灣10條主要水系上游區域雨量與流量造成之可能衝擊，並瞭解氣候變遷所導致水文衝擊之空間變化，建議未來可以擴大至下游區域，以掌握更加完整之空間上衝擊資訊。
	(二)聯合國氣候變遷專門委員會(簡稱IPCC)約每5至7年進行氣候變遷情境推估資料更新，其藉由不斷改良與提升模式能力、空間解析度以及溫室氣體情境設定等，提供品質更佳氣候變遷衝擊資訊。然而，為瞭解新版氣候變遷情境資料對於臺灣集水區水文衝擊，亦需重新投入大量時間與經費，建議未來可發展由下而上(bottom up) 方法，藉以快速辨識氣候變遷對於水資源系統造成之風險，以聚焦於氣候變遷調適因應。
	(三)因氣候變遷具有高度不確定性(期程、情境、模式、區域)，難以將其資料應用於設計規劃，建議可採風險管理角度進行分析(例如：增加或減少之模式數量)，再以風險管理之安全係數觀念作為呈現。以英國水資源經營管理架構 為例，其架構主要可分為水資源管理計畫(長期水資源供需規劃)、乾旱管理計畫(乾旱期間之抗旱操作計畫)以及緊急計畫(針對極端乾旱所提出之因應框架)，若考慮氣候變遷之高度不確定性可將安全係數觀念導入乾旱管理計畫之中，透過評估增加彈性管理強度(±10%)方式作為因應。
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